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ABSTRACT 

From the traditional time we all know earthquake could be a disaster inflicting event. 

Recent days structures have become additional and additional slender and additional at risk 

of sway and thence dangerous within the earthquake.  

Researchers and engineers have discovered within the past to form the structures as 

earthquake resistant. Once several sensible studies it's shown that use of lateral load resisting 

systems within the building configuration has enormously improved performance of the 

structure in earthquake. In present research we've used sq. grid of 20m in every direction of 

5m bay in every direction, software package used is ETABS  the work has 

been applied for the various cases exploitation shear wall and bracings for the 

various heights, most height thought of for the current study is 60m.  

The modeling is completed to look at the result completely different of various 

cases at the side of different heights on seismic parameters like base shear, lateral 

displacements and Shear and Moment. The study has been applied for the Zone II, III and 

V and every one forms of soils as laid out in IS1893-2002 

 

 

Keywords: Lateral Load Resisting Systems, Shear Walls, inverted V Bracings, 



Chapter-1 

INTRODUCTION 

           From a structural engineer's factor of view the tall constructing or high upward thrust 

constructing (HRB) may be outlined in concert that, with the aid of virtue of its top, is 

affected by lateral forces given that of wind or earthquake or each and every to an extent that 

they play an awfully major function inside the structural type. Tall constructions have 

involved grouping from the beginning of civilization. The Egyptian Pyramids, one of the 

crucial seven wonders of world, created in 2600 B.C. Amongst such old tall structures. Such 

structures were made for safeguard and to indicate pleasure. The system of urbanization that 

began with the age of industrialization remains to be ongoing in setting up nations like India. 

Industrialization motives migration of contributors to urban centres wherever job 

opportunities are critical. The land accessible for structures to accommodate this migration is 

changing into scarce, main too fast expand inside the cost of land. The growth in latest multi-

storeyed constructing development, which began in late nineteenth century, is meant for 

essentially the most part for industrial and residential features. Tall buildings are the 

fundamental evolved engineered structures considering there are a few conflicting necessities 

and problematic constructing techniques to integrate. In these day’s tall constructions are 

getting extra and additional slim, ensuing in the hazard of further sway as compared with 

earlier high-rise structures.  

          For that reason the influence of wind and seismic forces performing on them turns into 

an awfully foremost facet of the seam. Rising the structural techniques of tall structures will 

management their dynamic response. A tall building can be outlined as a constructing whose 

design is dominated via the lateral forces prompted given that of wind and earthquake. On the 

ways aspect ten experiences, the lateral flow begins dominant the seam, the stiffness rather of 

force turns into the dominant problem. Fully distinctive structural forms of tall structures 

could also be accustomed strengthen the lateral stiffness and to decrease the waft index. Glide 

in constructing frames would be a result of flexural and shear mode contributions, given that 

of the column axial deformations and to the diagonal and beam deformations, severally.  

          Many Lateral resisting systems (comparable to introduction of body-wall, framed tube, 

belt truss with stabilizer, tube in tube and bundled tube programs) may be accustomed 

withstand the lateral plenty functioning on the constitution. This be taught seeks to 

understand the more than a few lateral techniques that have emerged and its associated 
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structural behavior for soil kind three (i.e., smooth soil form) all advised 4 zones. The more 

than a few types of bracings discipline unit presented in RCC constructing mannequin at 

regular location to understand the suitableness of the programs with relevance the seismic 

motions whereas alternative properties of the structural individuals within the building are 

stay constants love the scale of the columns, beams, bracings and thickness of slabs. 

Analytical modeling is finished in ETABS 2013 application system. The most important 

purpose is to appraise the lateral displacements, go with the flow, Base shear and stiffness 

occurs by means of due to the fact the better than parameters using Response Spectrum 

method as per IS 1893 (part I): 2002.II. 

A. Engineering seismology: 

             Seismology is to be taught of the generation, propagation and recording of elastic 

waves in the earth and the sources that produce them. An earthquake is a surprising tremor or 

movement of the earth’s crust, which originates shock waves brought about by means of 

nuclear checks, man-made explosions etc. About 90% of all earthquakes results from tectonic 

pursuits, especially movements on the faults. The rest is regarding volcanism; fall down of 

subterranean cavities or man-made effects. The epicenters of earthquakes are usually not 

randomly allotted over the earth’s surface. The epicenters of 99% earthquakes are disbursed 

along slim zones of interpolate seismic pastime. 

B. Seismic zones of India as per IS 1893 (section-I): 2002: 

            The intention of seismic zoning is to delineate of similar possible intensity of ground 

movement in a country, for supplying a guiding principle for provision of a sufficient 

earthquake resistance in constructed amenities, as a step to disaster mitigation. Earthquake 

explanations two types of losses often called primary loss and secondary loss. A main loss is 

irrecoverable loss, which results in the lack of human lifestyles in earthquake. All of the 

different losses incurred because of earthquake that can be re-coupled are termed as 

secondary losses. Thus minimum common in a code to resist earthquake is prescribed such 

that whole crumple of structure is prevented which ensures that no human lifestyles is lost. 

This requires a forecast of the strongest depth of probably ground movement at a distinct site 

throughout the service lifetime of constitution. Seismic zoning map of a nation segregates 

nation in quite a lot of areas of an identical probable highest intensity of ground motion 

C. Outcome of soils: 
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               The seismic movement that reaches a constitution on the skin of the earth is 

influenced by using the nearby soil stipulations. The subsurface soil layers underlying the 

constructing foundation may increase the response of the constructing to earthquake motions 

originating within the bedrock. Higher structural distress is prone to arise when the interval of 

the underlying soil is virtually the major period of the constitution. Tall constructions are 

inclined to expertise bigger structural damage when they are placed on soils having an 

extended interval of movement due to the fact of the resonance influence that develops 

between the constitution and the underlying soils. If a building resonates in keeping with 

ground movement, its acceleration is amplified. As per IS 1893 (part I) – 2002, soils 

classification will also be taken as variety – I, Rock or tough soil: good graded gravel and 

sand combos with or without clay binder and clayey sands poorly graded or sand clay 

mixtures, whose N (regular penetration worth) should be above 30. Style – II, Medium soils: 

All soils with N between 10 and 30, and poorly- graded sands or gravelly sands with little or 

no fines. Kind – III, soft Soils: All soils other than whose N is less than 10. 

1.1  ETABS  

           The innovative and revolutionary new ETABS is the ultimate integrated software 

package for the structural analysis and design of buildings. Incorporating 40 years of 

continuous research and development, this latest ETABS offers unmatched 3D object based 

modeling and visualization tools, blazingly fast linear and nonlinear analytical power, 

sophisticated and comprehensive design capabilities for a wide-range of materials, and 

insightful graphic displays, reports, and schematic drawings that allow users to quickly and 

easily decipher and understand analysis and design results. 

          From the start of design conception through the production of schematic drawings, 

ETABS integrates every aspect of the engineering design process. Creation of models has 

never been easier - intuitive drawing commands allow for the rapid generation of floor and 

elevation framing. CAD drawings can be converted directly into ETABS models or used as 

templates onto which ETABS objects may be overlaid. The state-of-the-art SAP Fire 64-bit 

solver allows extremely large and complex models to be rapidly analyzed, and supports 

nonlinear modeling techniques such as construction sequencing and time effects (e.g., creep 

and shrinkage). 
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         Design of steel and concrete frames (with automated optimization), composite beams, 

composite columns, steel joists, and concrete and masonry shear walls is included, as is the 

capacity check for steel connections and base plates. Models may be realistically rendered, 

and all results can be shown directly on the structure. Comprehensive and customizable 

reports are available for all analysis and design output, and schematic construction drawings 

of framing plans, schedules, details, and cross-sections may be generated for concrete and 

steel structures. 

       Designing by Software’s like ETABS reduces ton of your time in design work.Details of 

every and each member will be obtained by ETABS.All the List of unsuccessful beams will 

be obtained and conjointly higher Section is given by the software.Accuracy is improved by 

using software. 

             ETABS provides an unequaled suite of tools for structural engineers designing 

buildings, whether they are working on one-story industrial structures or the tallest 

commercial high-rises. Immensely capable, yet easy-to-use has been the hallmark of ETABS 

since its introduction decades ago, and this latest release continues that tradition by providing 

engineers with the technologically-advanced, yet intuitive, software they require to be their 

most productive. 

A. Modeling of Structural Systems 

B. Loading, Analysis, and Design 

C. Output, Interoperability, and Versatility 

A. Modeling of structural systems 

            Fundamental to ETABS modeling is the generalization that high rise buildings 

typically consist of identical or similar floor plans that repeat in the vertical direction. 

Modeling features that streamline analytical-model generation, and simulate advanced 

seismic systems, are listed as follows: 

a) Templates for global-system and local-element modeling 

b) Customized section geometry and constitutive behavior 

c) Grouping of frame and shell objects 

d) Link assignment for modeling isolators, dampers, and other advanced seismic 

systems 

https://wiki.csiamerica.com/display/etabs/Home#Home-ModelingofStructuralSystems
https://wiki.csiamerica.com/display/etabs/Home#Home-Loading,Analysis,andDesign
https://wiki.csiamerica.com/display/etabs/Home#Home-Output,Interoperability,andVersatility
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e) Nonlinear hinge specification 

f) Automatic meshing with manual options 

g) Editing and assignment features for plan, elevation, and 3D views 

B. Loading, analysis, and design 

            Once modeling is complete, ETABS automatically generates and assigns code-based 

loading conditions for gravity, seismic, wind, and thermal forces. Users may specify an 

unlimited number of load cases and combinations. 

            Analysis capabilities then offer advanced nonlinear methods for characterization of 

static-pushover and dynamic response. Dynamic considerations may 

include modal, response-spectrum, or time-history analysis. P-delta effect account 

for geometric nonlinearity. 

           Given enveloping specification, design features will automatically size elements and 

systems, design reinforcing schemes, and otherwise optimize the structure according to 

desired performance measures. 

 

C. Output, Interoperability, and Versatility 

           Output and display formats are also practical and intuitive. Moment, shear, and axial 

force diagrams, presented in 2D and 3D views with corresponding data sets, may be 

organized into customizable reports. Also available are detailed section cuts depicting various 

local response measures. Global perspectives depicting static displaced configurations or 

video animations of time-history response are available as well. 

          ETABS also features interoperability with related software products, providing for the 

import of architectural models from various technical drawing software, or export to various 

platforms and file formats. SAFE, the floor and foundation slab design software with post-

tensioning (PT) capability, is one such option for export. CSI coordinated SAFE to be used in 

conjunction with ETABS such that engineers could more thoroughly detail, analyze, and 

design the individual levels of an ETABS model. 

         While ETABS features a variety of sophisticated capabilities, the software is equally 

useful for designing basic systems. ETABS is the practical choice for all grid-like 

applications ranging from simple 2D frames to the most complex high rises. 
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1.2  BASIC DEFINITIONS 

a) Storey 

             When the multi-story building or the residential building is constructed in that when 

the   floor to floor gap will be there that is the story. 

b) Storey shear 

The load is not applied on base alone , As the lateral load is applied along the height 

of building and building in turn has different stiffness and masses along its height in 

different storeys ,so the reactive force in each storey due to lateral load varies and this 

reactive force is storey shear i.e, ( sum of storey shear = base shear ) 

            Roughly storey shear can also be seen as distribution of base shear along its storeys 

based on its stiffness and mass. 

c) Storey drift 

             It is defined as the difference in lateral deflection between two adjacent stories. 

During an earthquake, large lateral forces can be imposed on structures; Lateral deflection 

and drift 

have three primary effects on a structure; the movement can affect the structural elements 

(such as beams and columns); the movements can affect non-structural elements (such as the 

windows and cladding); and the movements can affect adjacent structures. Without proper 

consideration during the design process, large deflections and drifts can have adverse effects 

on structural elements, nonstructural elements, and adjacent structures. 

            It is defined as ratio of displacement of two consecutive floor to height of that floor. It 

is very important term used for research purpose in earthquake engineering. 

             Storey drift is usually interpreted as inter-storey drift - the lateral displacement of one 

levelrelative to the other level above or below. 

d) Center of mass 

             It is the unique point at the center of a distribution of mass in space that has the 

property that the weighted position vectors relative to this point sum to zero. In analogy to 

statistics, the center of mass is the mean location of a distribution of mass in space. 

According to IS: 1893-2002, center of mass is the point through which resultant of the masses 

of a system acts. This point corresponds to center of gravity of masses of system. Earthquake 
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induced lateral force on the floor is proportional to mass. Hence, resultant of this force passes 

through the center of mass of the floor. 

e) Center of rigidity 

              It is the stiffness centroid within a floor-diaphragm plan. When the center of rigidity 

is                  subjected to lateral loading, the floor diaphragm will experience only 

translational displacement. Other levels are free to translate and rotate since behavior is 

coupled both in plan and along height. As a function of structural properties, center of rigidity 

is independent of loading. According to IS 1893-2002, Centre of stiffness, for a one story 

building can be defined as the point on the floor through which lateral force should pass in 

order that floor undergoes only rigid body translation, with no rigid body rotation. 

f) Storey Displacement 

        It is total displacement of ith storey with respect to ground and there is maximum 

permissible limit prescribed in IS codes for buildings. Storey displacement is the 

lateral displacement of the storey relative to the base. 

 

g) Base Shear 

          Base shear is an estimate of the maximum expected lateral force that will occur 

due to seismic ground motion at the base of a structure. Calculations of base shear (V) 

depend on soil conditions at the site. proximity to potential sources of seismic activity 

(such as geological faults). 

          Seismic forces are lateral loads (external force) which intern will create total 

reactive forces at column base in direction opposite to that of lateral load i.e, ( sum of 

lateral loads = base shear ) this overall reactive force is base shear. 

h) Diaphragm  

          Diaphragm is a structural element that transmits lateral loads to the vertical 

resisting elements of a structure. 

           Diaphragms are typically horizontal, but can be sloped such as in a gable roof 

on a wood structure or concrete ramp in a parking garage. The diaphragm forces tend 

to be transferred to the vertical resisting elements primarily through in-plane shear 

stress. The most common lateral loads to be resisted are those resulting from wind and 

earthquake actions, but other lateral loads such as lateral earth pressure or hydrostatic 

pressure can also be resisted by diaphragm action. 
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                The diaphragm of a structure often does double duty as the floor system 

or roof system in a building, or the deck of a bridge, which simultaneously supports gravity 

loads. 

 

 

 

 

 

Chapter-2 

LITERATURE REVIEW 
As the peak of the building increases the effect of lateral loads (seismic and wind loads) 

emerge as very predominant. This chapter will speak about the previous work carried out on 

this discipline. Many researchers have studied the efficiency of RC frame with exceptional 

style of bracings, shear walls and so forth. One of the papers is mentioned beneath.  

Dr. Okay. R. C. Reddy, Sandip A. Tupat Et., Al. (2014) 

            His research had stated that the wind hundreds and earthquake masses are estimated 

for a twelve storied RC framed constitution. Established on the results bought the following 

conclusions are made. The earthquake and wind hundreds rises with height of constitution. 

Wind loads are more valuable for tall structures than the earthquake loads. Constructions will 

have to be designed for loads obtained in each recommendation independently for important 

forces of wind or earthquake. 

Deepak Suthar, H.S.Chore, P.A. Dode. Et. Al. (2014) 

          His studied that the habits of excessive upward thrust structure for each the scheme. On 

this paper they obtained the outcome from mathematical mannequin for mannequin I and 

mannequin II. The graph naturally indicates the story flow, lateral displacement and time 

period is extra in model I as compared to mannequin II. It's also discovered that the results 

are extra conservative in Static analysis as compared to the dynamic procedure ensuing 

uneconomical constitution. From the entire outcome it's located that model II is very mighty 

in resisting the lateral forces triggered by using Earthquake. Due to the fact that of the box 

influence of modular sort scheme, it's increasing total stiffness of the building for that reason, 

https://en.wikipedia.org/wiki/Floor
https://en.wikipedia.org/wiki/Roof
https://en.wikipedia.org/wiki/Building
https://en.wikipedia.org/wiki/Deck_(bridge)
https://en.wikipedia.org/wiki/Bridge
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reducing the sway concern within the structure. As building is in irregular “L-shape” the 

conduct in both recommendations is just not similar. Further, the comparison between typical 

and modular type suggests the overall feasibility of the scheme without affecting its balance 

in gravity as well as lateral masses. 

Salem Mohammad Aji1 Et., Al. (2005) 

        The proposed 2005 version of the countrywide constructing Code of Canada specifies 

dynamic evaluation because the desired approach for computing seismic design forces and 

deflections, whilst preserving the equivalent static drive process for areas of low seismicity 

and for structures with distinctive peak obstacles. Dynamic analysis approaches are classified 

as either linear (elastic) dynamic analysis, together with the elastic modal response spectrum 

process or the numerical integration linear time historical past system, or nonlinear (inelastic) 

response history evaluation. Even as both linear and nonlinear analyses require cautious 

analytical modeling, the latter requires further issues for correct simulation of hysteretic 

response and necessitates a precise learn that involves targeted overview of design and 

assisting analyses by way of an unbiased staff of engineers. The paper presents an outline of 

dynamic analysis strategies for use in seismic design, with structural factors, and hysteretic 

response. A discussion of the choice of structural period to be used in organization with the 

similar static drive process is offered. 

Okay. Shaiksha Vali Et., Al. (2014) 

           In this work, it's proposed to carry out an analytical be trained, on multistory building 

of 35 stories, used to be implemented accounting for extraordinary seismic zones and 

medium soil style. The suitability and efficiency of exceptional lateral bracing systems which 

might be normally used and likewise that of concrete infills have been investigated. The 

exceptional bracing methods viz., X-brace, V-brace, inverted V or chevron brace and infills 

are introduced in these analytical models. These building items are analyzed, making use of 

SAP 2000 application, to the motion of lateral forces using linear static and linear dynamic 

tactics as per IS 1893 (section I): 2002. Linear Modal Time history analysis is done for 

exclusive brace buildings: on this gain knowledge of now we have performed linear time 

historical past evaluation, the displacement are drawn with recognize to time. We have 

discovered the max displacement amongst the entire ground motions is BHUJ in Ux path. 
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Wang Et., Al (2012) 

       He explored the effect of special forms of bracings like metal bracing and bracing with 

concrete stuffed metal tube struts are introduced in RC frame buildings to evaluate the 

seismic performance of building.  

Jiang Et., Al (2012) 

       Applied a scientific examination consequences of utilizing special style of bracing 

method in tall metal buildings making use of the program ABAQUS. Though much of the 

literature is available and lots of researchers have dealt with seismic performance of building 

with bracing as lateral load resisting individuals in tall building. The researchers have studied 

on the metal bracing in RC frames and also the outriggers. Some of them dealt with 

extraordinary types of bracing and top-quality area of the bracings and likewise newly 

adopted mega brace systems. 

Prof. M. R. Wakchaure, Sayali Gawali 

         The rapid increase of the urban population in developing countries such as India, has 

forced the reevaluation of the importance of high rise buildings. The structural systems of 

high rise buildings are usually sensitive to the effects of wind. Gust is the most critical effect 

of the wind. The gust effectiveness factor method takes into account the dynamic properties 

of the structure, the wind-structure interactions and then determines the wind loads as 

equivalent static loads. In this paper, different shapes of building of height 150 m having 

equal plan area, equal stiffness of column are considered for wind load analysis. Wind loads 

are determined based on gust effectiveness factor method. The critical gust loads for design 

are determined. After the application of calculated wind loads to the building models 

prepared in finite element software package ETAB’s 13.1.1 having different shapes are 

compared in various aspects such as storey displacements, storey drifts, storey shear, axial 

forces in column etc. Based on the results, conclusions are drawn showing the effectiveness 

of different shapes of the structure under the effect of wind loads. 

          The percentage reduction in peak intensity of wind for circular building is 4.471 %, 

68.392 % for elliptical building and it is more by 15 % for rectangular building when 

compared with square building with gust factor. The percentage reduction in peak 

displacement is more by 3.08 % in circular building with gust factor in longitudinal direction 
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when compared with square building. The percentage reduction in peak displacement is 70.18 

% in elliptical building; it is more by 27 % in rectangular, 2.40 % in circular building when 

compared with square building with gust factor in transverse direction. The percentage 

reduction in peak drift is increased by 10.75 % in circular building with gust factor in 

longitudinal direction when compared with square building. The percentage reduction in peak 

is decreased by 3.39 % in elliptical building; it is more by 119.49 % in rectangular, 87.28 % 

in circular building when compared with square building with gust factor in transverse 

direction. The percentage reduction in peak storey shear is 30.57 % in rectangular building, 

4.40 % in elliptical building and 68.37 % in circular building with gust factor in longitudinal 

direction when compared with square building. The percentage reduction in peak drift is 

decreased by 70.86 % in elliptical building; it is more by 14 % in rectangular, 1.27 % in 

circular building when compared with square building with gust factor in transverse 

direction. Buildings having circular or elliptical plan forms have a smaller surface 

perpendicular to the wind direction, the wind pressure are less than in prismatic buildings. 

J.P.Annie Sweetlin 

        With the introduction of Limit state design of structures, the safety and serviceability of 

the structure has accrued prime importance. The present day scenario witnesses a series of 

natural calamities like earthquakes, tsunamis, floods etc. Of these the most damaging and 

recurrent phenomena is the earthquake. The Effective design and the construction of 

Earthquake resistant structure has gained greater importance all over the world. In this paper 

the earthquake resistance of a G+20 multi-storey building is analysed using Equivalent static 

method with the help of E-TABS 9.7.4 software. The method includes seismic coefficient 

method as recommended by IS 1893:2002. The parameters studied were displacement, storey 

drift and storey shear. 

          Seismic analysis was done by using ETABS software and successfully verified 

manually as per IS 1893:2002. There is increase in displacement value from bottom floor to 

top floor. In this type of model wind displacement is within the limits and earthquake 

displacement are beyond the permissible limits of the building (h/500 = 135mm). Drift is 

within the limits for the building (0.004 times of the height of the storey) 0.004x3.2 = 

12.8mm. Earthquake Base shear is greater than Wind Base shear. Complete guideline for the 

use of E-TABS 9.7.4 for seismic coefficient analysis is made available by this paper. 
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Abhijeet Baikerikar, Kanchan Kanagali 

          From the ancient time we know earthquake is a disaster causing event. Recent days 

structures are becoming more and more slender and more susceptible to sway and hence 

dangerous in the earthquake. Researchers and engineers have worked out in the past to make 

the structures as earthquake resistant. After many practical studies it has shown that use of 

lateral load resisting systems in the building configuration has tremendously improved the 

performance of the structure in earthquake. In present research we have used square grid of 

20m in each direction of 5m bay in each direction, software used is ETABS 9.7.0, the work 

has been carried out for the different cases using shear wall and bracings for the different 

heights, maximum height considered for the present study is 75m. The modeling is done to 

examine the effect of different cases along with different heights on seismic parameters like 

base shear, lateral displacements and lateral drifts. The study has been carried out for the 

Zone V and all types of soils as specified in IS 1893-2002. 

             As the building height increases Lateral displacements and drift increases.  Compared 

to all other cases Case 1(Bare Frame) produces larger lateral displacements and drifts.  

Lateral displacements and drift is significantly lower after inserting shear wall and bracings 

in the bare frame.  One of the important conclusions that can be made from the above study is 

that as the soil changes from hard to soft there is massive increase in base shear, lateral 

displacements and lateral drifts. Extreme care should be taken in soft soil.  Time Period 

increases as the height of the building increases because mass of the overall building 

increases as time period is directly proportional to the mass.  From the study it is clear that 

CASE 2 (Shear Wall in Middle) is performing better and more efficient than all other cases.  

Base Shear is decreased as the time period increases. Time period is significantly lowered 

after placing shear walls and bracings. 

Shaik Kamal Mohammed Azam, Vinod Hosur  

           The dual structural system consisting of special moment resisting frame (SMRF) and 

concrete shear wall has better seismic performance due to improved lateral stiffness and 

lateral strength. A well designed system of shear walls in a building frame improves its 

seismic performance significantly. The configurations of RC moment resisting framed 

building structure with different arrangements of shear walls are considered for evaluation of 
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seismic performance, so as to arrive at the suitable arrangement of shear wall in the structural 

framing system for better seismic resistance.  

            A comparison of structural behaviour in terms of strength, stiffness and damping 

characteristics is done by arranging shear walls at different locations/configurations in the 

structural framing system. The elastic (response spectrum analysis) as well as in-elastic 

(nonlinear static pushover analysis) analyses are carried out for the evaluation of seismic 

performance. The results of the study indicate that the provision of shear walls symmetrically 

in the outermost moment resisting frames of the building and preferably interconnected in 

mutually perpendicular directions forming a core will lead to better seismic performance. 

Anuj Chandiwala 

           From the past records of earthquake, there is increase in the demand of earthquake 

resisting building which can be fulfilled by providing the shear wall systems in the buildings. 

For achieving economy in reinforced concrete building structures, design of critical section is 

carefully done to get reasonable concrete sizes and optimum steel consumption in members. 

In the present paper the researcher, had tried to get moment occur at a particular column 

including the seismic load, by taking different lateral load resisting structural systems, 

different number of floors, with various positions of shear wall for earthquake zone III in 

India has been found. 

           Among different location of shear wall (F- shear wall at end of “L” section) gives best 

result. Main reason is “END Portion Of Flange Always Oscillate More During Earthquake”. 

Here shear wall directly obstruct this end oscillation, hence reduce overall bending moment 

of building. 

Imad  H Mualla 

          A new friction damper device was designed to dissipate and absorb input energy in 

order to increase building safety. It can be used in retrofitting or in designing of new 

buildings. The friction damper was tested intensively in order to verify its characteristics and 

performance. This device consists of several steel plates that rotate against each other in 

opposite directions, producing friction between its parts. Utilization of this type of geometric 

deformation of the damper parts of frame displaced laterally, is a way to permit substantial 
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controlled energy dissipation. The interfaces between the inner pieces of the device were 

faced by use of different materials such as brass or friction pad material.  

              This device is characterized, especially when the friction pad material is used, by a 

very stable hysteric non-degrading behaviour over many cycles. It is also linearly dependent 

on displacement amplitude and normal load. Some velocity dependency was observed during 

tests, due to change of friction coefficient of sliding phase. The damper was implemented in a 

single story steel frame model. This frame is a 1/3-scale model of typical frame. It is 

connected to the frame by use of chevron-bracing system and prestressed bars were used 

instead of structural steel bracing sections. Harmonic loading was used to excite the frame. 

The response was studied for different values of parameters such as forcing frequencies, 

displacement amplitude, bolt-clamping force and prestressing bar force. In conclusion, using 

of supplemental damping provided by this friction damper, dissipate a big amount of kinetic 

energy in a structure, and thereby eliminate the utilization of structural ductility while the 

structure remain elastic without damage. 

                 A new friction damper device was proposed to retrofit buildings subjected to 

dynamic loads. The damper is very easy to manufacture, install, and maintain without a need 

of qualified staff. It’s very economic device. Intensive experimental tests were performed to 

study its parameters such as, forcing frequencies, displacement amplitude, bolt-clamping 

force and prestressing bar force. The successful performance of the damper in providing 

stable hysteresis loops is due to the use of Friction Pad Material which causes no damages to 

the steel plates beside the very stable performance over many cycles without any degradation 

in the friction force. Tests showed that the device is a velocity independent for certain range, 

and linearly displacement dependent, which makes it easy modeling mathematically. One can 

conclude that, the use of supplemental damping provided by this friction damper dissipates a 

big amount of kinetic energy in a structure, and, thereby eliminates the utilization of 

structural ductility while the structure remains elastic without damage. 

A.V. Bhaskararao, R.S. Jangid 

           Analytical seismic responses of two adjacent structures, modeled as single-degree-of-

freedom (SDOF) structures, connected with a friction damper are derived in closed-form 

expressions during non-slip and slip modes and are presented in the form of recurrence 

formulae. However, the derivation of analytical equations for seismic responses is quite 



STUDY ON MULTISTORIED BUILDING BY CONSIDERING HIGH SEISMIC 

ZONES WITH SHEARWALLS AND BRACINGS 

 

Department of Civil Engg.. Page 28 
  

cumbersome for damper connected multi-degree-of-freedom (MDOF) structures as it 

involves some dampers vibrating in sliding phase and the rest in non-sliding phase at any 

instant of time. To overcome this difficulty, two numerical models of friction dampers are 

proposed for MDOF structures and are validated with the results obtained from the analytical 

model considering an example of SDOF structures. It is found that the proposed two 

numerical models are predicting the dynamic behavior of the two connected SDOF structures 

accurately. Further, the effectiveness of dampers in terms of the reduction of structural 

responses, namely, displacement, acceleration and shear forces of connected adjacent 

structures is investigated. A parametric study is also conducted to investigate the optimum 

slip force of the damper. In addition, the optimal placement of dampers, rather than providing 

dampers at all floor levels is also studied to minimize the cost of dampers. Results show that 

using friction dampers to connect adjacent structures of different fundamental frequencies 

can effectively reduce earthquake-induced responses of either structure if the slip force of the 

dampers is appropriately selected. Further, it is also not necessary to connect two adjacent 

structures at all floors but lesser dampers at appropriate locations can significantly reduce the 

earthquake response of the combined system. 

              The seismic responses predicted by the analytical and the numerical models of 

frictional force in the connected damper closely match. The friction dampers are found to be 

very effective in reducing the earthquake responses of the adjacent connected structures. 

There exists an optimum slip force of friction dampers for minimum earthquake response of 

two adjacent connected structures. It is not necessary to connect two adjacent structures by 

dampers at all floors but lesser dampers at appropriate locations can significantly reduce the 

earthquake responses of the combined system. The neighboring floors having more relative 

displacement should be chosen for optimal damper locations. The computational time 

required for the analytical model is significantly less in comparison to that required for the 

numerical models and among the two numerical models, the computational time required by 

the fictitious spring model is less than that required by the hysteretic model. 

Endrita Mulleti 

              Earthquakes present the biggest natural hazard faced in the zones with high 

seismicity. During recent years, historical seismicity data of Albania, shows a high number of 

small earthquakes, sparse medium – sized earthquakes (magnitude M 5,4 – 5.9) and rare large 
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earthquakes (magnitude M > 6.5); and hence no seismic provisions have been incorporated 

into the existing buildings. The purpose of this study is to evaluate the seismic response of 

high rise buildings by using friction dampers. The finite element method (ETABS) is used to 

evaluate the behavior of the structure equipped by these devices. Two different methods of 

analyzing (Free Vibration and Time History analysis) have been done to accomplish this 

objective. In general, this study shows that friction dampers help to reduce story drifts, reduce 

accidental torsional motions of tall buildings, reduce axial loads of columns and beams, shear 

load and bending moment of beams, and base shear; reduce vibration amplitude and increase 

damping ration (the input energy dissipation). In this study, the seismic performance of the 

“Sinani tower” building is taken into consideration. This is a 9 story poly-functional building, 

1 underground story, 29.6 m in height. The seismic survey is compiled by the Seismology 

Engineering Department at the Academy of Science. The object is located in an area with the 

expected seismic intensity with magnitude 7.5 MSK-64. The core focus purpose in this study 

is to show how the implementation of friction dampers will improve the seismic response of 

this object. After the free vibration analysis and time history, the results show that the period, 

displacement of story, axial load of columns, shear load of beams and bending moment of 

beams of the damped structure is considerably reduced. 
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CHAPTER- 3 

REVIEW AND STUDY OF BRACINGS & SHEAR WALLS 

3. 1 Introduction 

The literature review revealed that, as expected, there was very few reported research on 

bracing systems for wind loading. Instead literature review indicated that eccentric and 

concentric bracing were mainly provided for earthquake loading. 

Some countries are located in the earthquake zones where the buildings are designed to resist 

earthquake loads. Other countries, such as US (California), the most costly cause of damages 

on buildings are as a result of extreme wind storms included hurricanes and tornados. A 

hurricane commonly occur during late summer and early fall along coastal regions of the 

Atlantic and the pacific Oceans wind speeds in excess of 33m/s. They can carry wind speeds 

in excess of 62m/s over a path width of 75km. Tornados generally have much smaller foot 

prints than hurricanes, rarely exceeding 1.60km in width with path lengths less than 15km 

although some have traveled as for as 450km. They can include wind speeds exceeding 

90m/s but the low probability of occurrence make them much less of a concern than 

hurricanes. Due to the much larger area covered by hurricanes, they normally cause twice the 

damage than tornados in any one year and over 160 times the damage of severe 

winds(<33m/s). 

 

3.1 Braced Frames 

The lateral load resisting system in braced frames is provided by braces which act as axially 

loaded members in a vertical truss arrangement. “A structural steel building frame, including 

interconnected vertical and horizontal columns and beams is furnished with bracing against 

wind and seismic forces”. In traditional braced frames, the braces are the structural fuses. 

They yield in tension and absorb energy. However, the braces buckle in compression leads to 

a sudden loss of stiffness and progressive degrading behavior which limits the amount of 

energy dissipation. “Braced frames were originally designed to resist wind loading” 

.Virtually none of the lateral load is carried by the beam-column connections in a braced 
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frame; rather, the system relies on the axial forces developed in its bracing members. Bracing 

systems advanced in the 1960s and 1970s in terms of seismic applications and have long been 

regarded as an economical alternative to moment frames due to the reduced material 

requirements and ease of fabrication and erection resulting in lower labor costs. These 

systems also provide an efficient restriction of lateral frame drift which was realized 

following the 1971 San Fernando earthquake. Connections in Braced frames are generally 

designed to be simple connections. With respect to geometry, braced frames are divided into 

two categories: Concentric Braced Frames (CBFs) and Eccentric Braced-Frames (EBFs). 

According to their behavior, these two falls into the category of buckling- permitted braced 

frames. In the following sections, the literature on concentrically braced frames (CBFs) in 

steel structures is reviewed, describing the Knee, zipper and X or cross wind bracing and 

their behavior; therefore, EBF practice will not be discussed in this dissertation. 

3.2.1  Concentrically Braced Frames 

For many years, the Concentrically Braced Frames (CBFs) have been used in steel 

construction. Steel CBFs are strong, stiff and ductile, and are therefore ideal for lateral load 

resisting framing systems. In order to have the best performance from a CBF, the brace must 

fail before any other component of the frame does. 

CBFs are systems where braces are placed as diagonals or placed to form an X (or cross 

bracing) or as V or inverted-V (or chevron bracing) so that their points of action coincide. 

CBFs can undergo complete truss action which gives them high initial stiffness. However, 

beyond the linear-elastic range they behave as brittle because once buckling of the 

compression braces occur and is followed by yielding of the tension braces at the same storey 

level, as a result the structure cannot resist the lateral forces. 

3.2.2 Cross Bracing 

In construction, Cross Bracing is a system in which diagonal supports intersect. The cross 

bracing is usually seen with two diagonal supports placed in an X shaped manner. X bracing 

is the simplest and possibly the most common type of bracing which have been used for 

many years. The diagonal braces can also be placed as such that they cover more than one 

storey of a building. 

 

3.2.3 Zipper Bracing 

“Diagonal and chevron systems can provide large lateral strength and rigidity but do not 

provide great ductility as buckling of the diagonals leads to rapid loss of strength without 
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much force redistribution”. The loss of strength in chevron system is due to the unbalanced 

vertical forces that arise at the connections to the floor beams due to the unequal axial 

capacity of the braces in tension and compression. In order to prevent undesirable 

deterioration of lateral strength of the frame, very strong beams, much stronger than would 

have been required for ordinary loads are needed to resist this potentially significant post-

buckling force redistribution, in combination with appropriate gravity loads. Thus 

conventional concentrically braced steel frames cannot re-distribute large unbalanced vertical 

forces caused by brace buckling through the system. In order to limit the inter-storey drifts 

using efficient stiffness and strength, new braced steel frame configurations are developed. 

The zipper frame is designed to distribute the unbalanced vertical forces along its height 

using the zipper column, a vertical structural element which has been connected to the gusset 

plates at mid-span of beams starting from the first to the top storey of the frame (Fig 2.2) [9]. 

(a) Conventional braced frame (b) Zipper frame 

3.2.4 Knee Bracing 

 

 A new structural system for lateral load resistant steel structures is called the knee 

brace frame (KBF), which is a new kind of energy dissipating frame that combines excellent 

ductility and lateral stiffness. Diagonal braces which provide the lateral stiffness have been 

connected to the ductile knee members. The knee element will yield first during a severe 

lateral loading so that no damage occurs to the major structural members and the 

rehabilitation is easy and economical. The CBF is much stiffer than the Moment Resisting 

Frame (MRF), but it cannot meet the ductility requirement due to the buckling of the brace. 

KBF have enough ductility and also achieves excellent lateral stiffness Under the action of 

the lateral force at point A (Fig. 2.4), the knee member will yield. Plastic hinges in the 

connections of knee to column and knee to beam, and the midpoint of the knee will develop 

simultaneously and the structure turns into the energy dissipating stage of the knee, which 

means that the brace system has reached its ultimate bearing capacity, and the succeeding 

load should be carried by the main frame until further plastic hinges occur in the columns or 

the beam, after which a secondary energy dissipating stage occurs. Obviously, by making full 

use of the first stage of energy dissipation, the major structural members can survive a severe 

lateral loading without receiving any permanent damage. 

 

3.3 Shear walls: 
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Shear walls are vertical elements of the horizontal force resisting system. Shear walls 

are constructed to counter the effects of lateral load acting on a structure. In residential 

construction, shear walls are straight external walls that typically form a box which provides 

all of the lateral support for the building. When shear walls are designed and constructed 

properly, and they will have the strength and stiffness to resist the horizontal forces. 

 In building construction, a rigid vertical diaphragm capable of transferring lateral forces 

from exterior walls, floors, and roofs to the ground foundation in a direction parallel to their 

planes. Examples are the reinforced-concrete wall or vertical truss. Lateral forces caused by 

wind, earthquake, and uneven settlement loads, in addition to the weight of structure and 

occupants; create powerful twisting (torsion) forces. These forces can literally tear (shear) a 

building apart. Reinforcing a frame by attaching or placing a rigid wall inside it maintains the 

shape of the frame and prevents rotation at the joints. Shear walls are especially important in 

high-rise buildings subjected to lateral wind and seismic forces. 

In the last two decades, shear walls became an important part of mid and high-rise residential 

buildings. As part of an earthquake resistant building design, these walls are placed in 

building plans reducing lateral displacements under earthquake loads. So shear-wall frame 

structures are obtained. 

Shear wall buildings are usually regular in plan and in elevation. However, in some buildings, 

lower floors are used for commercial purposes and the buildings are characterized with larger 

plan dimensions at those floors. In other cases, there are setbacks at higher floor levels. Shear 

wall buildings are commonly used for residential purposes and can house from 100 to 500 

inhabitants per build. 

 

3.3.1 Types of shear walls: 

 Shear walls are rectangle in cross section, i.e. one dimension is much larger than the 

other. While rectangular cross-section is frequent, L- and U-shaped sections are also used. 

Thin-walled hollow RC shafts around the elevator core of the structure also act as shear 

walls, and should be taken advantage of to resist earthquake forces. 

The Shear Wall sections are classified as six types. 

(a) Box Section  
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(b) L – Section  

(c) U - Section  

(d) W – Section  

(e) H - Section  

(f) T – Section 

 

 

 

 

   (a) Box Section                                               (b) L – Section  

 

 

               

 

            (c) U - Section                                                 (d) W – Section  

 

 

 

 

 

              (e) H - Section                                                    (f) T – Section 

Fig.3.7 Different shapes or geometries of shear walls 

The shape and location of shear wall have shown significant effect on their structural 

behaviour under lateral loads i.e. earthquake and wind loads. Lateral loads are distributed 

(a) Box Section
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through the structure acting as a horizontal diaphragm, to the shear walls, parallel to the force 

of action. These shear wall oppose horizontal forces because their high rigidity as deep 

beams, reacting to shear and flexure against overturning effect. A core eccentrically located 

with respect to the building shapes has to carry torsion as well as bending and direct shear. 

However torsion may also develop in building symmetrical featuring of shear wall 

arrangements when wind acts on the facades of direct surface textures (i.e. roughness) or 

when wind does not act through the centre of building's mass.  

 

3.4 Purpose Of Constructing Shear Walls 

Shear walls are not only designed to resist gravity/ vertical loads (due to its self-weight and 

other living / moving loads), but they are also designed for lateral loads of earthquakes / 

wind. The walls are structurally integrated with roofs / floors(diaphragms) and other lateral 

walls running across at right angles, there by giving the three dimensional stability for the 

building structures. 

 Shear wall structural systems are more stable. Because, their supporting area (total cross- 

sectional area of all shear walls) with reference to total plans area of building, is 

comparatively more, unlike in the case of RCC framed structures. 

 Walls have to resist the uplift forces caused by the pull of the wind. Walls have to resist the 

shear forces that try to push the walls over. Walls have to resist the lateral force of the wind 

that tries to push the walls in and pull them away from the building. Shear walls are quick in 

construction, as the method adopted to construct is concreting the members using formwork. 

Shear walls does not need any extra plastering or finishing as the wall itself gives such a high 

level of precision, that it does not require plastering. 

3.5 Comparisons of Shear Wall With Construction Of Conventional Load Bearing 

Walls  

Load bearing masonry is very brittle material. Due to different kinds of stresses such as shear, 

tension, torsion, etc., caused by the earthquakes, the conventional unreinforced brick masonry 

collapses instantly during the unpredictable and sudden earthquakes. 
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 The RCC framed structures are slender, when compared to shear wall concept of box like 

three- dimensional structures. Though it is possible to design the earthquake resistant RCC 

frame, it requires extraordinary  skills at design, detailing and construction levels, which 

cannot be anticipated in all types of construction projects. 

 On the other hand even moderately designed shear wall structures not only more stable, but 

also comparatively quite ductile. In safety terms it means that, during very severe earthquakes 

they will not suddenly collapse causing death of people. They give enough indicative 

warnings such as widening structural cracks, yielding rods, etc., offering most precious 

moments for people to run out off structures, before they totally collapse. For structural 

purposes we consider the exterior walls as the shear-resisting walls. Forces from the ceiling 

and roof diaphragms make their way to the outside along assumed paths, enter the walls, and 

exit at the foundation. 

3.6 Forces on Shear Wall 

 Shear walls resist two types of forces: shear forces and uplift forces. Shear forces are 

generated in stationary buildings by accelerations resulting from ground movement and by 

external forces like wind and waves. This action creates shear forces throughout the height of 

the wall between the top and bottom shear wall connections. 

 Uplift forces exist on shear walls because the horizontal forces are applied to the top of the 

wall. These uplift forces try to lift up one end of the wall and push the other end down. In 

some cases, The uplift force is large enough to tip the wall over. Uplift forces are greater on 

tall & short walls and less on low long walls. Bearing walls have less uplift than non-bearing 

walls because gravity loads on shear walls help them resist uplift. Shear walls need hold 

down devices at each end when the gravity loads cannot resist all of the uplift. The hold down 

device then provides the necessary uplift resistance. 

Shear walls should be located on each level of the structure including the crawl space. To 

form an effective box structure, equal length shear walls should be placed symmetrically on 

all four exterior walls of the building. Shear walls should be added to the building interior 

when the exterior walls cannot provide sufficient strength and stiffness. Shear walls are most 

efficient when they are aligned vertically and are supported on foundation walls or footings. 

When exterior shear walls do not provide sufficient strength, other parts of the building will 
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need additional strengthening. Consider the common case of an interior wall supported by a 

sub floor over a crawl space and there is no continuous footing beneath the wall. 

For this wall to be used as shear wall, the sub floor and its connections will  have to be 

strengthened near the wall. For Retrofit work, existing floor construction is not easily 

changed. That s the reason why most retrofit work uses walls with continuous footings 

underneath them as shear walls. 

 

Chapter-5 

NUMERICAL MODELLING 

 

 

 
 High Rise Building without Shear Walls and Bracings 
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High Rise Building with Shear Walls  

 

 
 
High Rise Building with Bracings  
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High Rise Building with Combination of Shear Walls and Bracings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Case:1 Comparison of Displacement in three Zones and Three Soils in Linear Static Analysis 

Table No: 4.1 Comparative Values of Displacement in Z-3 S-1 for Four Different Models in 

Linear Static Analysis 
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No of 

Stories 

High Rise 

Building 

High Rise Building 

with Bracing  

High Rise 

Building with 

Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16 30.8 22.7 17.4 7.7 

storey 15 30.1 21.5 16.2 7.3 

Storey 14 29.1 20.3 14.9 6.9 

Storey 13 28 19 13.5 6.5 

Storey 12 26.6 17.6 12.2 6.1 

Storey 11 24.9 16.2 10.9 5.6 

Storey 10 23.2 14.7 9.5 5.1 

Storey 9 21.3 13.1 8.2 4.5 

Storey 8 19.3 11.6 6.9 4 

Storey 7 17.2 10 5.7 3.5 

Storey 6 15 8.4 4.5 2.9 

Storey 5 12.8 6.9 3.5 2.4 

Storey 4 10.5 5.4 2.5 1.9 

Storey 3 8.3 3.9 1.6 1.4 

Storey 2 5.9 2.5 1 0.9 

Storey 1 3.5 1.3 0.5 0.5 

Base 0 0 0 0 

 

Graph : 4.1 Showing Variation of Displacement in Z-3 S-1 for Four Different Models in 

Linear Static Analysis 

Table No: 4.2 Comparative Values of Displacement in Z-3 S-2 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

storey 16 40.8 31 23.4 9.9 

storey 15 40 29.4 21.8 9.4 

storey 14 38.8 27.7 20 8.9 
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storey 13 37.2 25.9 18.2 8.4 

storey 12 35.4 24 16.4 7.8 

storey 11 33.3 22 14.6 7.2 

storey 10 30.9 20 12.8 6.5 

storey 9 28.4 17.9 11.1 5.8 

storey 8 25.8 15.8 9.3 5.1 

storey 7 23 13.6 7.7 4.4 

storey 6 20.1 11.5 6.1 3.7 

storey 5 17.2 9.4 4.6 3 

storey 4 14.2 7.3 3.3 2.4 

storey 3 11.2 5.3 2.2 1.7 

storey 2 8.1 3.4 1.3 1.2 

storey 1 4.7 1.7 0.6 0.6 

Base 0 0 0 0 

 

 

Graph : 4.2 Showing Variation of Displacement in Z-3 S-2 for Four Different Models in 

Linear Static Analysis 

Table No: 4.3 Comparative Values of Displacement in Z-3 S-3 for Four Different Models in 

Linear Static Analysis 

No of stories 
High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise 

Building with 

Bracing Shear 

Wall 

storey 16 49.5 38.2 28.6 9.9 

storey 15 48.5 36.2 26.6 9.4 

storey 14 47.1 34.1 24.5 8.9 

storey 13 45.2 31.9 22.3 8.4 
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storey 12 43 29.6 20.1 7.8 

storey 11 40.5 27.1 17.9 7.2 

storey 10 37.6 24.6 15.7 6.5 

storey 9 34.6 22 13.5 5.8 

storey 8 31.3 19.4 11.4 5.1 

storey 7 28 16.7 9.4 4.4 

storey 6 24.5 14.1 7.4 3.7 

storey 5 20.9 11.5 5.7 3 

storey 4 17.3 9 4.1 2.4 

storey 3 13.6 6.5 2.7 1.7 

storey 2 9.9 4.2 1.5 1.2 

storey 1 5.8 2 0.7 0.6 

Base 0 0 0 0 

 

Graph : 4.3 Showing Variation of Displacement in Z-3 S-3 for Four Different Models in 

Linear Static Analysis 

Table No: 4.4 Comparative Values of Displacement in Z-4 S-1 for Four Different Models in 

Linear Static Analysis 

No of 

stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16 33.9 25.3 12.3 8.5 

storey 15 33.1 24 11.4 8.1 

Storey 14 32.1 22.6 10.5 7.7 

Storey 13 30.8 21.1 9.5 7.2 

Storey 12 29.3 19.6 8.6 6.7 

Storey 11 27.5 18 7.7 6.2 

Storey 10 25.6 16.3 6.7 5.6 

Storey 9 23.5 14.6 5.8 5 

Storey 8 21.3 12.9 4.9 4.4 
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Storey 7 19 11.1 4 3.8 

Storey 6 16.6 9.4 3.2 3.2 

Storey 5 14.1 7.6 2.4 2.6 

Storey 4 11.7 6 1.8 2.1 

Storey 3 9.2 4.4 1.2 1.5 

Storey 2 6.6 2.8 0.7 1 

Storey 1 3.8 1.4 0.3 0.6 

Base 0 0 0 0 

 

Graph : 4.4 Showing Variation of Displacement in Z-4 S-1 for Four Different Models in 

Linear Static Analysis 

 

Table No: 4.5 Comparative Values of Displacement in Z-4 S-2 for Four Different Models in 

Linear Static Analysis 

No of Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise 

Building with 

Bracing Shear 

Wall 

Storey 16 45.1 21.4 25.9 6.9 

storey 15 44.1 20.3 24.1 6.6 

Storey 14 42.8 19.1 22.2 6.2 

Storey 13 41.1 17.9 20.2 5.8 

Storey 12 39.1 16.6 18.2 5.4 

Storey 11 36.8 15.2 16.2 5 

Storey 10 34.2 13.8 14.2 4.5 

Storey 9 31.4 12.4 12.3 4.1 

Storey 8 28.5 10.9 10.3 3.6 

Storey 7 25.4 9.4 8.5 3.1 

Storey 6 22.2 7.9 6.8 2.6 

Storey 5 19 6.5 5.1 2.1 
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Storey 4 15.7 5.1 3.7 1.7 

Storey 3 12.4 3.7 2.4 1.2 

Storey 2 8.9 2.4 1.4 0.8 

Storey 1 5.2 1.2 0.7 0.5 

Base 0 0 0 0 

 

 

Graph : 4.5 Showing Variation of Displacement in Z-4 S-2 for Four Different Models in 

Linear Static Analysis 

 

Table No: 4.6 Comparative Values of Displacement in Z-4 S-3 for Four Different Models in 

Linear Static Analysis 

no of stories 
High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise Building 

with Shear Wall  

High Rise 

Building with 

Bracing Shear 

Wall 

Storey 16 54.7 42.4 31.7 11 

storey 15 53.6 40.2 29.5 10.5 

Storey 14 52 37.9 27.1 9.9 

Storey 13 50 35.5 24.7 9.3 

Storey 12 47.6 32.9 22.3 8.7 

Storey 11 44.7 30.2 19.8 8 

Storey 10 41.6 27.4 17.4 7.2 

Storey 9 38.3 24.5 15 6.5 

Storey 8 34.7 21.6 12.6 5.7 

Storey 7 31 18.6 10.4 4.9 

Storey 6 27.1 15.8 8.3 4.1 

Storey 5 23.2 12.9 6.3 3.4 

Storey 4 19.2 10.1 4.5 2.6 

Storey 3 15.1 7.3 3 1.9 
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Storey 2 11 4.7 1.7 1.3 

Storey 1 6.4 2.2 0.8 0.7 

Base 0 0 0 0 

 

 

Graph : 4.6 Showing Variation of Displacement in Z-4 S-3 for Four Different Models in 

Linear Static Analysis 

Table No: 4.7 Comparative Values of Displacement in Z-5 S-1 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise 

Building with 

Bracing Shear 

Wall 

Storey 16 44.8 34.2 25.7 11.5 

storey 15 43.8 32.5 23.9 11 

Storey 14 42.5 30.6 22 10.4 

Storey 13 40.8 28.6 20.1 9.8 

Storey 12 38.8 26.5 18.1 9.1 

Storey 11 36.5 24.3 16.1 8.3 

Storey 10 34 22.1 14.1 7.6 

Storey 9 31.2 19.8 12.2 6.8 

Storey 8 28.3 17.4 10.3 6 

Storey 7 25.2 15 8.4 5.1 

Storey 6 22.1 12.7 6.7 4.3 

Storey 5 18.9 10.3 5.1 3.5 

Storey 4 15.6 8.1 3.7 2.7 

Storey 3 12.3 5.9 2.4 2 

Storey 2 8.9 3.7 1.4 1.3 

Storey 1 5.2 1.8 0.7 0.7 

Base 0 0 0 0 
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Graph : 4.7 Showing Variation of Displacement in Z-5 S-1 for Four Different Models in 

Linear Static Analysis 

Table No: 4.8 Comparative Values of Displacement in Z-5 S-2 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise Building 

with Bracing  

High Rise 

Building with 

Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16 46.7 34.8 14.8 9.9 

storey 15 44.3 32.4 14.1 9.4 

Storey 14 41.7 29.8 13.4 8.9 

Storey 13 39 27.1 12.6 8.4 

Storey 12 36.2 24.5 11.7 7.8 

Storey 11 33.2 21.8 10.8 7.2 

Storey 10 30.1 19.1 9.8 6.5 

Storey 9 27 16.4 8.7 5.8 

Storey 8 23.9 13.9 7.7 5.1 

Storey 7 20.7 11.4 6.6 4.4 

Storey 6 17.5 9.1 5.6 3.7 

Storey 5 14.3 6.9 4.5 3 

Storey 4 11.2 4.9 3.5 2.4 

Storey 3 8.1 3.3 2.6 1.7 

Storey 2 5.1 1.9 1.7 1.2 

Storey 1 2.5 0.9 0.9 0.6 

Base 0 0 0 0 
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Graph : 4.8 Showing Variation of Displacement in Z-5 S-2 for Four Different Models in 

Linear Static Analysis 

 

Table No: 4.9 Comparative Values of Displacement in Z-5 S-3 for Four Different Models in 

Linear Static Analysis 

No of 

stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise 

Building with 

Bracing Shear 

Wall 

Storey 16 72.9 57.4 42.5 14.8 

storey 15 71.5 54.7 39.6 14.1 

Storey 14 69.4 51.7 36.4 13.4 

Storey 13 66.7 48.5 33.2 12.6 

Storey 12 63.5 45.1 29.9 11.7 

Storey 11 59.8 41.5 26.6 10.8 

Storey 10 55.6 37.8 23.4 9.8 

Storey 9 51.1 33.9 20.1 8.7 

Storey 8 46.4 30 17 7.7 

Storey 7 41.4 26 13.9 6.6 

Storey 6 36.3 21.9 11.1 5.6 

Storey 5 31 17.9 8.4 4.5 

Storey 4 25.7 14 6 3.5 

Storey 3 20.3 10.1 4 2.6 

Storey 2 14.8 6.3 2.3 1.7 

Storey 1 8.7 3 1.1 0.9 

Base 0 0 0 0 
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Graph : 4.9 Showing Variation of Displacement in Z-5 S-3 for Four Different Models in 

Linear Static Analysis 

 

Case 2: Soil Wise Comparison of Displacement in all the Three Zones 

Table No: 4.10 Comparative Values of Displacement in Soil-1 for Four Different Models in 

Linear Static Analysis. 

Soil-1 

Zones 
High Rise 

Building 

High Rise Building 

with Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Zone 3 30.8 22.7 17.4 7.7 

Zone 4 33.9 25.3 12.3 8.5 

Zone 5 44.8 34.2 25.7 11.5 
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Graph : 4.10 Showing Variation of Displacement in Soil-1 for Three Different 

Zones and Four Different Models in Linear Static Analysis 

 

 

Table No: 4.11 Comparative Values of Displacement in Soil-2 for Four Different Models in 

Linear Static Analysis. 

Soil-2 

Zones 
High Rise 

Building 

High Rise Building 

with Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Zone 3 40.8 31 23.4 9.9 

Zone 4 45.1 21.4 25.9 6.9 

Zone 5 46.7 34.8 14.8 9.9 
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Graph : 4.11 Showing Variation of Displacement in Soil-2 for Three Different 

Zones and Four Different Models in Linear Static Analysis 

 

 

 

 

 

 

Table No: 4.12 Comparative Values of Displacement in Soil-3 for Four Different Models in 

Linear Static Analysis. 

Soil-3 

Zones 
High Rise 

Building 

High Rise Building 

with Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Zone 3 49.5 38.2 28.6 9.9 

Zone 4 54.7 42.4 31.7 11 

Zone 5 72.9 57.4 42.5 14.8 
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Graph : 4.12 Showing Variation of Displacement in Soil-3 for Three Different 

Zones and Four Different Models in Linear Static Analysis 

 

 

 

 

 

 

Case:3 Comparison of Shear in Three Zones and Three Soils for Four Different 

Conditions in Linear Static Analysis 

Table No: 4.13 Comparative Values of Storey Shear in Z-3 S-1 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 
High Rise Building 

High Rise Building 

with Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16         

storey 15 44.9 48.31 57.5 29.99 

Storey 14 26.17 31.07 38.28 18.6 

Storey 13 29.65 33.36 40.9 20.72 

Storey 12 29.85 33 41.15 20.25 

Storey 11 29.77 32.72 41.08 20.07 

Storey 10 29.47 32.28 40.64 19.7 
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Storey 9 29 31.72 39.87 19.2 

Storey 8 28.36 31.02 38.81 18.56 

Storey 7 27.57 30.18 37.48 17.77 

Storey 6 26.66 29.19 35.91 16.84 

Storey 5 25.65 28.04 34.15 15.74 

Storey 4 24.5 26.73 32.19 14.49 

Storey 3 23.4 25.15 30.24 13.13 

Storey 2 21.62 22.99 27.95 10.88 

Storey 1 23.34 25.35 29.43 12.64 

Base 12.23 6.59 16.05 5.51 

 

 

Graph : 4.13 Showing Variation of Storey Shear in Z-3 S-1 for Four Different 

Models in Linear Static Analysis 

 

Table No: 4.14 Comparative Values of Storey Shear in Z-3 S-2 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16         

storey 15 41.22 51.31 30.52 26.3 

Storey 14 22.26 32.51 19.05 38.9 

Storey 13 26.61 35.16 21.26 42 

Storey 12 27.13 34.84 20.87 42.51 

Storey 11 27.33 34.56 20.75 42.65 

Storey 10 27.3 34.12 20.42 42.38 

Storey 9 27.1 33.55 19.96 41.74 

Storey 8 26.75 32.81 19.34 40.76 

Storey 7 26.27 31.91 18.57 39.5 

0

10

20

30

40

50

60

Sh
e

ar
 in

 K
N

 

No of Stories 

Storey Shear Vs No of Stories in Linear Static 
Analyisis in Z-3 S-1 

High Rise Building

High Rise Building with
Bracing

High Rise Building with
Shear Wall

High Rise Building with
Bracing Shear Wall



STUDY ON MULTISTORIED BUILDING BY CONSIDERING HIGH SEISMIC 

ZONES WITH SHEARWALLS AND BRACINGS 

 

Department of Civil Engg.. Page 53 
  

Storey 6 25.7 30.83 17.64 37.99 

Storey 5 25.07 29.58 16.54 36.28 

Storey 4 24.31 28.17 15.28 34.39 

Storey 3 23.72 26.39 13.9 32.57 

Storey 2 22.23 23.99 11.64 30.31 

Storey 1 25.51 27.09 13.71 30.45 

Base 14.48 6.66 5.85 19.01 

 

 
 

Graph : 4.14 Showing Variation of Storey Shear in Z-3 S-2 for Four Different 

Models in Linear Static Analysis 

Table No: 4.15 Comparative Values of Storey Shear in Z-3 S-3 for Four Different Models in 

Linear Static Analysis 

No of 

stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16         

storey 15 38.04 53.89 30.98 28.6 

Storey 14 18.9 33.75 19.43 38.9 

Storey 13 24 36.71 21.73 42 

Storey 12 24.78 36.42 21.4 42.51 

Storey 11 25.22 36.16 21.33 42.65 

Storey 10 25.43 35.71 21.05 42.38 

Storey 9 25.47 35.12 20.62 41.74 

Storey 8 25.36 34.35 20.02 40.76 

Storey 7 25.15 33.4 19.27 39.5 

Storey 6 24.86 32.25 18.34 37.99 

Storey 5 24.56 30.92 17.23 36.28 

Storey 4 24.14 29.41 15.96 34.39 
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Storey 3 24 27.47 14.56 32.57 

Storey 2 22.74 24.85 12.29 30.31 

Storey 1 27.38 28.6 14.63 30.45 

Base 16.42 6.72 6.13 19.01 

 

 

Graph : 4.15 Showing Variation of Storey Shear in Z-3 S-3 for Four Different 

Models in Linear Static Analysis 

Table No: 4.16 Comparative Values of Storey Shear in Z-4 S-1 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16         

storey 15 48.32 45.54 56.25 29.5 

Storey 14 29.78 29.74 37.56 18.18 

Storey 13 32.46 31.69 39.65 20.22 

Storey 12 32.37 31.3 39.6 19.68 

Storey 11 32.02 31 39.27 19.44 

Storey 10 31.48 30.57 38.64 19.03 

Storey 9 30.75 30.03 37.74 18.49 

Storey 8 29.85 29.37 36.57 17.83 

Storey 7 28.78 28.58 35.16 17.03 

Storey 6 27.56 27.66 33.53 16.09 

Storey 5 26.2 26.6 31.7 15 

Storey 4 24.68 25.4 29.67 13.75 

Storey 3 23.11 24 27.58 12.42 

Storey 2 21.07 22.07 25.25 10.17 
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Storey 1 21.3 23.73 23.97 11.64 

Base 10.15 6.52 12.66 5.2 

 

 

Graph : 4.16 Showing Variation of Storey Shear in Z-4 S-1 for Four Different 

Models in Linear Static Analysis 

 

Table No: 4.17 Comparative Values of Storey Shear in Z-4 S-2 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16         

storey 15 45.86 56.98 47.53 29.85 

Storey 14 27.18 37.98 30.7 18.48 

Storey 13 30.44 40.38 32.89 20.58 

Storey 12 30.56 40.5 32.53 20.09 

Storey 11 30.4 40.32 32.24 19.89 

Storey 10 30.03 39.8 31.8 19.51 

Storey 9 29.49 38.98 31.25 19 

Storey 8 28.78 37.87 30.56 18.35 

Storey 7 27.91 36.51 29.73 17.56 

Storey 6 26.91 34.92 28.76 16.63 

Storey 5 25.81 33.12 27.63 15.54 

Storey 4 24.55 31.14 26.36 14.28 

Storey 3 23.32 29.13 24.83 12.93 

Storey 2 21.47 26.82 22.74 10.68 

Storey 1 22.78 25.98 24.89 12.36 

Base 11.65 14.63 6.57 5.42 
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Graph : 4.17 Showing Variation of Storey Shear in Z-4 S-2 for Four Different 

Models in Linear Static Analysis 

Table No: 4.18 Comparative Values of Storey Shear in Z-4 S-3 for Four Different Models in 

Linear Static Analysis 

No of 

stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise 

Building with 

Bracing Shear 

Wall 

Storey 16         

storey 15 43.74 49.25 56.98 30.16 

Storey 14 24.94 31.53 37.98 18.72 

Storey 13 28.69 33.92 40.38 20.89 

Storey 12 28.99 33.58 40.5 20.45 

Storey 11 29 33.3 40.32 20.28 

Storey 10 28.79 32.86 39.8 19.92 

Storey 9 28.4 32.3 38.98 19.44 

Storey 8 27.85 31.59 37.87 18.8 

Storey 7 27.17 30.73 36.51 18.02 

Storey 6 26.36 29.7 34.92 17.09 

Storey 5 25.47 28.52 33.12 16 

Storey 4 24.44 27.18 31.14 14.73 

Storey 3 23.5 25.54 29.13 13.37 

Storey 2 21.81 23.31 26.82 11.12 

Storey 1 24.03 25.9 25.98 12.97 

Base 12.94 6.61 14.63 5.62 
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Graph : 4.18 Showing Variation of Storey Shear in Z-4 S-2 for Four Different 

Models in Linear Static Analysis 

Table No: 4.19 Comparative Values of Storey Shear in Z-5 S-1 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise 

Building with 

Shear Wall  

High Rise 

Building with 

Bracing Shear 

Wall 

Storey 16         

storey 15 50.4 56.53 46.15 29.61 

Storey 14 31.99 37.72 30.04 18.27 

Storey 13 34.18 39.93 32.06 20.33 

Storey 12 33.91 39.94 31.68 19.81 

Storey 11 33.41 39.67 31.38 19.58 

Storey 10 32.71 39.09 30.95 19.17 

Storey 9 31.83 38.21 30.41 18.65 

Storey 8 30.76 37.07 29.72 17.99 

Storey 7 29.52 35.68 28.94 17.19 

Storey 6 28.1 34.06 28 16.25 

Storey 5 26.53 32.24 26.92 15.17 

Storey 4 24.7 30.23 25.7 13.92 

Storey 3 22.93 28.17 24.25 12.58 

Storey 2 20.73 25.85 22.28 10.33 

Storey 1 20.11 24.74 24.09 11.86 

Base 8.87 13.42 6.54 5.27 
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Graph : 4.19 Showing Variation of Storey Shear in Z-5 S-1 for Four Different 

Models in Linear Static Analysis 

Table No: 4.20 Comparative Values of Storey Shear in Z-5 S-2 for Four Different Models in 

Linear Static Analysis 

No of 

Stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16         

storey 15 41.22 51.31 30.52 26.3 

Storey 14 22.26 32.51 19.05 38.9 

Storey 13 26.61 35.16 21.26 42 

Storey 12 27.13 34.84 20.87 42.51 

Storey 11 27.33 34.56 20.75 42.65 

Storey 10 27.3 34.12 20.42 42.38 

Storey 9 27.1 33.55 19.96 41.74 

Storey 8 26.75 32.81 19.34 40.76 

Storey 7 26.27 31.91 18.57 39.5 

Storey 6 25.7 30.83 17.64 37.99 

Storey 5 25.07 29.58 16.54 36.28 

Storey 4 24.31 28.17 15.28 34.39 

Storey 3 23.72 26.39 13.9 32.57 

Storey 2 22.23 23.99 11.64 30.31 

Storey 1 25.51 27.09 13.71 30.45 

Base 14.48 6.66 5.85 19.01 
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Graph : 4.20 Showing Variation of Storey Shear in Z-5 S-2 for Four Different 

Models in Linear Static Analysis 

 

Table No: 4.21 Comparative Values of Storey Shear in Z-5 S-3 for Four Different Models in 

Linear Static Analysis 

No of 

stories 

High Rise 

Building 

High Rise 

Building with 

Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Storey 16         

storey 15 38.04 53.89 30.98 28.6 

Storey 14 18.9 33.75 19.43 38.9 

Storey 13 24 36.71 21.73 42 

Storey 12 24.78 36.42 21.4 42.51 

Storey 11 25.22 36.16 21.33 42.65 

Storey 10 25.43 35.71 21.05 42.38 

Storey 9 25.47 35.12 20.62 41.74 

Storey 8 25.36 34.35 20.02 40.76 

Storey 7 25.15 33.4 19.27 39.5 

Storey 6 24.86 32.25 18.34 37.99 

Storey 5 24.56 30.92 17.23 36.28 

Storey 4 24.14 29.41 15.96 34.39 

Storey 3 24 27.47 14.56 32.57 

Storey 2 22.74 24.85 12.29 30.31 

Storey 1 27.38 28.6 14.63 30.45 

Base 16.42 6.72 6.13 19.01 
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Graph : 4.21 Showing Variation of Storey Shear in Z-5 S-3 for Four Different 

Models in Linear Static Analysis 

 

Case 4: Soil Wise Comparison of Storey Shear in all the Three Zones 

Table No: 4.22 Comparative Values of Storey Shear in Soil-1 for Four Different Models in 

Linear Static Analysis. 

Soil-1 

Zones 
High Rise 

Building 

High Rise Building 

with Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Zone 3 44.9 48.31 57.5 29.99 

Zone 4 48.32 45.54 56.25 29.5 

Zone 5 50.4 56.53 46.15 29.61 
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Graph:23 Showing Variation of Storey Shear in Soil-1 for Three Different Zones and 

Four Different Models in Linear Static Analysis 

 

 

 

 

Table No: 4.23 Comparative Values of Storey Shear in Soil-2 for Four Different Models in 

Linear Static Analysis. 

Soil-2 

Zones 
High Rise 

Building 

High Rise Building 

with Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Zone 3 41.22 51.31 30.52 26.3 

Zone 4 45.86 56.98 47.53 29.85 

Zone 5 44.83 55.99 45.23 30 
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Graph:24 Showing Variation of Storey Shear in Soil-2 for Three Different Zones and 

Four Different Models in Linear Static Analysis 

 

 

 

 

 

Table No: 4.24 Comparative Values of Storey Shear in Soil-3 for Four Different Models in 

Linear Static Analysis. 

Soil-3 

Zones 
High Rise 

Building 

High Rise Building 

with Bracing  

High Rise Building 

with Shear Wall  

High Rise Building 

with Bracing Shear 

Wall 

Zone 3 38.04 53.89 30.98 28.6 

Zone 4 43.74 49.25 56.98 30.16 

Zone 5 42.48 50.28 57.34 30.34 
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Graph:25 Showing Variation of Storey Shear in Soil-3 for Three Different Zones and 

Four Different Models in Linear Static Analysis 

 

 

Chapter-5 

Conclusions 

In this study an attempt has been made to compare lateral loads response of RC bare Frame) 

and RC frame with Bracings, RC frame with Shear Walls, RC frame with Combination of 

Bracings and Shear Walls. Totally four models in each soil are considered for Modal 

analysis, Linear static analysis work is carried out by using ETABS 2017 software. The 

results obtained from analysis are investigated and compared. From comparison of results 

following are the major conclusions drawn. 

1. Weight of the structure is more in shear wall structure due to which base shears 

increase thus it will give better performance for earthquake. 
2. Displacement is better controlled in combination of shear wall and Bracings system 

due to increase in mass and stiffness of the structure. 
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3. Hence providing steel bracing are better useful in lower zone where the possibility of 

occurrence of earthquakes is less and also in the zone where the magnitude of 

earthquakes cause very less effect. 
4. Shear wall gives very good earthquakes resistance for the building due to very high 

stiffness. But comparing masonry struct and shear wall will produce better results. 
5. Hence providing steel bracing are better useful in lower zone where the possibility of 

occurrence of earthquakes is less and also in the zone where the magnitude of 

earthquakes cause very less effect. 
6. Steel bracing can be used in the zones where earthquake magnitude is very less. 
7. Combination of Shear wall and bracing system provided the best earthquakes 

resistance design compared to the other systems which is consider for the analysis. 
8. Displacement was analyzed in zone 3, 4, 5 in three soils it is noted that displacement 

is reduced when the shear walls and bracings are provided on each elevation of the 

structure. 
9. Reduction of displacement was clearly observed when displacement is compared in 

soil wise. 
10. Storey Shear was also analyzed in zone 3, 4, 5 in three soils it is noted that storey 

shear was much controlled when the shear walls and bracings are provided on each 

elevation of the structure. 
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ABSTRACT 

 

The principal objective of this project is the comparative study on design and 

analysis of a commercial building using STAAD PRO and advance concrete designer  

The draft involves the design of a commercial building by using Auto-CAD and the 

analysis of a whole structure involves all the details given in STAAD PRO.  
 

 Modern computer aided design tools have significantly changed the way we design 

the structure. CAD techniques offers benefits such as less revisions in design, automatic 

update of drawing, rapid around time and low operating cost.  Auto-CAD software 

facilitates faster digital prototyping by allowing direct read and write of native DWG files. 

This results in accurate format transitions and greatly improves overall efficiency of design. 
  

The full form of STAAD is STRUCTURAL AIDED ANALYSIS AND DESIGN. It was 
developed by Research Engineers International in Yorba Linda, CA later it was sold to 
Bentley systems in late 2005. STAAD Pro is an analysis & design software package for 
structural engineering used in performing the analysis & design of wide variety of 
types of structures. It allows structural engineers to analysis & design virtually any 
type of structure through its flexible Modelling environment, advanced features & 
fluent data collaboration. STAAD Pro may be utilized for analyzing and designing 
practically all types of structures – buildings, Bridges, towers, transportation, 
industrial and utility structures 

 
RCDC is a concrete analysis software which takes your concrete analysis to the next 

level. it is also known as Advance concrete designer. RCDC combines the power of 

structural analysis application with robust concrete design. With RCDC software you can 

design elements like beam, trusses, columns, walls in an interactive workflow. With the 

software, you can easily design drawings for beam line elevations, column line elevations, 

automatic cross section details, and bar termination geometry. Improve your deliverables 

with easy-to-create individual beam bar bending schedules, column schedule tables and 

beam schedule tables. Additionally, you will be able to design concrete frame structure, 

one-click design drawings and fabrication detailing. 
 

The design method used in STAAD Pro analysis is Limit state of serviceability 

conforming to Indian standard code of practice. The results of analysis are used to verify 

the structure fitness for use. In this project we had analyzed the commercial building for 

finding Shear forces, Bending Moments, Deflections and reinforcement details for 

structural components of building such as Beams, Columns and slabs to develop Economic 

design. 

 

Keywords: Commercial Building AutoCAD, STAAD Pro, RCDC, Limit state of 

method. 
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CHAPTER 1 

INTRODUCTION  

1.1 BACKGROUND  

At present world, there is rapid emersion of the new technologies related to safe, 

economical, stable construction. In such a trend, analysis of the whole structure has 

become one of the natural challenging factors for the efficient construction works. 

It is one of the dominant constraints while designing the frame building that 

designers and engineers face. Now a days, designers and engineers are giving more 

emphasis towards the software-based results than the manually calculated results. 

One being a good designer has to deal with various structures ranging from simple 

ones like G+1 to more complex ones like multi-storied frame buildings, bridges etc. 

These structures are subjected to various loads like concentrated loads, uniformly 

distributed loads, uniformly varying loads, internal or earthquake load and dynamic 

forces which are considered during the design phase. The structure transfers its load 

to the supports and ultimately to the ground. While transferring the loads, the 

members of the structure are subjected to internal forces like axial forces, shearing 

forces, bending and torsional moments which are discussed while analyzing the 

structures. 

First of all, the most appropriate structural system and initial proportioning of 

members is done. Generally, the initial drawing of architecture is referred. After 

that the loads are estimated based on functionality and purpose of building based on 

codes. Then the process of structural analysis and design evolves. 

Structural Analysis deals with the prediction of performance of a given structure 

under stipulated loads and other external effects. Structural design deals with the 

designing various members of the structure to resist various forces to which they 

might be subjected during the life time of the structure  
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The project report has been prepared in complete conformity with various 

provisions in Indian Standards as Code of practice for plain & reinforced concrete 

IS 456-2000s, design and detailing of structural elements viz. beam, slab, column, 

foundation, with respect to safety, strength, stability, ductility & economy in 

addition to adequate serviceability requirements of cracking and deflection in 

concrete structures. All the codes are based on the principles of limit state of 

design. 

The project report possesses modeling output of STAAD VI8 software analysis 

results, load calculations, architectural drawings, structural drawings and their 

detailing as well. 

 

1.2  OBJECTIVE OF THE PROJECT WORK  

  
 MAIN OBJECTIVE: 

 

To achieve a practical knowledge on structural analysis, design and detailing of 

structural components using STAAD Pro vi8 software  

SPECIFIC OBJECTIVES: 

 

1.1.1 Modeling of the building for structural analysis. 

1.1.2 Sectional design and structural detailing of the members. 
 

 

 

1.3  SCOPE OF THE PROJECT  

1    Modeling of the building in required space according to the govt. norms  

2 Determination of the structural system of the building to undertake the vertical and   

horizontal loads 

3 Estimation of loads  

4 The structural analysis of the building by STAAD pro vi8 software for different 



3 

 

cases of loads 

5 Design of RC frame members i.e., beams and columns using RC designer, 

foundation and other by limit state method of design 

6 Detailing of individual members and preparation of drawings as a part of 

working construction document. 

 

1.4 Units 
SI (i.e., metric) units are used in this report. Whenever dimensions are not mentioned in 

figure and drawing it should be taken as mm 

 

1.5 Limit State of Design  

 

It uses the concept of the probability and based on the application of method of 

statistic to the variation that occurs in the practice in the loads acting in the 

structures or in the strength of material. 

The structures may reach a condition at which it becomes unfit for use for one of 

many reasons e.g., collapse, excessive deflection, cracking, etc. and each of these 

conditions is referred to a limit state condition. The aim of limit state design is to 

achieve an acceptable probability that the structure will not become unserviceable 

in its life time for the use of which it has been intended i.e., it will not reach a 

limit state. It means the structure should be able to withstand safely all loads that 

are liable to act on it throughout its life and it would satisfy the limitations of 

deflection and cracking. 
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1.6 Data of the project: -  

Building type 

   Shop type  

   Area of building  

Commercial building  

Retail shop  

9 cents  

No. of story 

 

 

Floor to floor height 

 

G+5 (ground floor for 

parking) 

3mts  

Type of slab 

 

Type of beam 

 

Type of column 

 

Type of foundation 

Design concept 

1) Two- way slab  

2) One -way slab  

 Rectangular beam 300 X 

450mm 

Rectangular column 450 X 

450mm 

 Pile foundation  

Limit state design  

Method of analysis 

 

  Static analysis  

Concrete Grade used 

Reinforcement 

M40 

FE500  
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CHAPTER 2  

LITERATURE REVIEW  

 

1 Geethu (2016) made a comparative study on analysis and design of multi storied 

building by STAAD Pro and ETABS software’s. They provided the details of both 

residential and commercial building design. The planning was made in accordance with 

the national building code and drafted using Auto CAD software. They concluded that 

while comparing both software results, ETABS software shows higher values of 

bending moment and axial force. 

 

2 Varalakshmi: The design and analysis of multi-storied G+5 building at Kukatpally, 

Hyderabad, India. The Study includes design and analysis of columns, beams, footings 

and slabs by using well known civil engineering software named as STAAD.PRO. Test 

on safe bearing capacity of soil was obtained. 

 

 

3 P. Jayachandran: The design and analysis of multistoried G+4 building at Salem, Tamil 

nadu, India. The study includes design and analysis of footings, columns, beams and 

slabs by using two software’s named as STAAD.PRO and RCC Design Suit.  

 

 

4 Dheekshith and Preejesh, 2018, “All kinds of errors in the structural elements can be 

identified and are given the best section with software. The calculation results which are 

obtained from both manual and software give almost the same results”. 

 

5 Sreeshna K.S (2016) this paper deals with structural analysis and design of B+G+4 

storied apartment building. The work was completed in three stages. The first stage was 

modelling and analysis of building and the second stage was to design the structural 

elements and the final was to detail the structural elements. In this project STAAD Pro 

software is used for analyzing the building. The IS:875 (Part 1) and (Part 2) were 

referred for dead load and live load. Design of structural elements like beam, column, 

slab, staircase, shear wall, retaining wall, pile foundation is done according to IS Codes.  
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6 Aman et al., (2016) has discussed that the aim of the structural engineer is to design a 

safe structure. Then the structure is subjected to various types of loading. Mostly the 

loads applied on the structure are considered as static. Finite part analysis that exhibits 

the result of dynamic load like wind result, earthquake result, etc. The work is 

conducted using STAAD Pro software.  

 

7 Madhurivassavai et al., (2016) he says that the one of the major problems of country is 

facing the growing population. Because of the less availability of land, multi-stored 

building can be constructed to serve many people in limited area. Efficient modelling is 

performed using STAAD Pro and AutoCAD. Manual calculations for high rise 

buildings are tedious and time consuming. STAAD Pro provides us a quick, efficient 

and correct platform for analyzing and coming up with structures. 
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CHAPTER 3 

PROPOSED METHOD  

  

3 METHODOLOGY  

3.1  SURVEY  

Surveying is an engineering operation that involves assessing and recording details about 

an area of land. These observations can then be used to help plan construction projects. A 

survey is carried out the on land to get a proper idea of the area of the land to both 

architectural and structural designer. The survey of the land is mostly done by Electronic 

Distance Machines (EDM’s) to avoid the errors and achieve accuracy. Through this survey 

both architectural and structural designers get an idea about the position and orientation of 

the columns. The positions of center-to-center distance of the columns are taken as inputs.  

A column layout plan (or) A column layout grid is drafted accordingly. 

  

 

IMG-3.1  
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In surveying the other data collected on the site include: - 

1) Site investigation on the soil 

This site investigation includes the identification of the type of the soil, soil 

bearing capacity, depth at which the water table occurred, through which the 

depth of the foundation is determined.  

2) The data of contours is collected for the understanding the undulations in the land  

3.2  ARCHITECTURE   

Architecture is the art and science of designing buildings and structures. A wider definition 

would include within its scope also the design of the total built environment, from the 

micro level furniture. In the field of building architecture, the skill demanded of an 

architect range from the more complex, such as for a hospital or stadium, to the apparently 

simpler, such as planning residential houses 

Architectural designer should have good legal knowledge & should be aware of the local 

body norms, Communication skill is extremely important in any field. As architectural 

designer has to communicate with clients, lawyers, construction manager and other 

people.  

Based on the column layout draft, an architectural draft of the commercial complex is 

drafted. These architectural drawings contain small detailing such as the materials to be 

included in construction for e.g., verified tiles or, these drawings are latter used on for the 

estimation and costing of the quantities. 

Architectural drawings of the building are properly studied. Rooms within this commercial 

building were allocated to various purposes such as staff room, administration, store room, 

retail shop, restaurant and security, etc.  

After these architectural drawings are approved, these drawings are further sent to a 

structural engineer.  
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IMG -3.2. 

3.3 STRUCTURAL ANALYSIS AND COMPUTER SOFTWARE’S 

Structural Analysis deals with the prediction of performance of a given structure under 

stipulated loads and other external effects. The performance characteristics of interest are 

stresses and stress resultants such as axial forces, shear forces, bending moments, 

deflections and support reactions 

The procedure of structural analysis is simple in concept but gets complex as the structure 

height grow. In detail. It involves the analysis of a proposed structure to show that its 

resistance or strength will meet or exceed a reasonable expectation. This expectation is 

usually expressed by a specified load or the demand and an acceptable margined of safety 

that constitutes a performance goal for a structure.  

They are many methods of analysis of the structure few are  

• The slope deflection method  

• Kani’s method  

• Moment distribution method  

• Matrix method  
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As structure gets complicated it get difficult for the structural designer to perform the 

analysis.  Here comes the computer software’s comes into picture, these computer 

software’s help the structural designer to analysis the complex structures  

These computer software’s are based on the finite element method. 

Some of the software’s are  

1) STAAD PRO VI8  

2) SAP 2000  

3) ETAABS  

4) AYNS  

 For this commercial complex we are using STAAD PRO Vi8 software. This software 

offers general purpose structural analysis and design along with extensive model 

generation and post processing facilities. All these features are integrated in one 

common Graphical user interface (GUI)  

The mode of operation includes  

1) Modeling  

2) Results  

3) Post processing  

   3.4 MODELING IN STAAD PRO VI8 SOFTWARE   

1.) Creating grid/ model  

2.) Defining  

   a)  Section and material (beam, column, element)  

   b) supports 

3) Loading   

    a) Load pattern  

    b) Load combination  

      4.) Analyze the structure  

5.) Design of structural elements 
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1) CREATING THE GRID/MODEL. 

From the project task with new project icon, we can open a new project. By clicking on 

the new project, a new window pops up, where we have to enter the data which we are 

going to use in the project. This data includes the file name, file location, the working 

space and the units. The units are length units and force units, the units which we 

choose here is Meter and Kilonewton. After this step we have to select add beam and 

click on finish.  

 

  

    

IMG- 3.3 
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The next step involves the modeling of the structure using the structural wizard, this 

structure wizard is a very helpful for the structural designers as it saves lot of time in 

modelling. Through the structure wizard the structural designer can enter number of bay 

frames along the length and width which he required in the modeling, then this protype of 

bay frame is transferred to the STAAD PRO software. The structural designer modifies the 

structure according to the architectural design and does a translation repeat leading to the 

completion of the structure. 

 

  

  

IMG-3.4 

 

2) DEFINING OF THE SECTION AND MATERIAL   

a) BEAM       

For defining the cross section of the beam, a simple calculation is carried out, 

As the center-to-center distance between the column is fixed, from IS 456:2000 clause 23.2.2 a)                                                                                         
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Basic value of span to effective depth ratio for span up to 10mts  

 

Cantilever              7 

simply supported     20  

continuous               26 

TABLE- 3.1 

For suppose L/d =26 

L=26 X d 

 L α d 

 As the center-to-center distance of the column increases the depth of the beam also 

increases, here we have the C/C of the column as 4mts hence it is safe to use the depth of 

beam as 450mm  

Taking overall width of beam (b) =300mm 

 The cross section of the beam is 300× 450 

b) SLAB  

 

 IMG-3.5 

Assuming effective depth d = span / 25  

Here lx = 20.20 mts  

         Ly = 20.20 mts  

  d = 2020/25  
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       d = 70.28 mm   100mm  

  D = 100+ 10+ 10 +5 = 125mm  

Note: - The depth of the slab is changed to 150 mm as the slab depth has failed while 

analysis  

c) COLUMN 

Here we are going with column size of 450 × 450 mm for the commercial complex.  

These dimensions are given as the input in the STAAD PRO, and the material is chosen as 

concrete then these dimensions are assigned to the respective beams, and columns. After 

which the fixed supports are assigned to the bottom nodes.  

  

 

IMG-3.6  
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3D RENDER VIEW OF THE STUCTURE AFTER ASSINING THE PROPERTY  

 

 

IMG-3.7 

3) LOADING & LOAD COMBINATIONS  

The structures are subject to different kind of loading, all these loading are to be 

considered while analysis the building, if these loads are ignored then it can have a huge 

impact on the stability and strength of the structure. These loads calculations are done 

using the IS 875. 

Some of the loads that are acting on the structure are  

• Dead load  

• Live load  

• Seismic loads  

• Wind loads  

 DEAD LOADS  

Dead load can be defined as the self-weight of the structure. Dead load consists 

of the self-weight of the column, beam, slab and wall. Dimensions of column, 

beam, and slab are taken and multiplied by the unit weight of the concrete. For 

wall load, thickness of wall was taken from plan, deduction of opening was done 

according to the average size of opening in the outer and inner walls and 
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deduction was not made in solid wall. In the case of the partition wall in the 

middle of slab, the total weight of the wall was calculated as uniformly 

distributed load and assign over the nearest beam. 

The dead load for beam  

0.30 × 0.45 × unit wt. of the concrete  

0.30 × 0.45 × 25 = 3.375 KN /sqm   

Dead load of the column  

0.45 × 0.45 × 25 = 5.06 KN/ sqm  

Dead load of the slab  

0.150 × 1 × 1 ×25 = 3.125 KN /sqm  

Dead load of the brick  

Floor height – 0.6 × (beam depth) × 0.25 × wall thickness × unit weight of the 

brick   

    3– 0.6(0.30) × 0.25 × (0.230) ×20 = 2.79 KN /sqm  

 These loads are given as uniformly distributing load in STAAD PRO  

 

IMG-3.8 
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LIVE LOAD  

Live loads are temporary loads; they are applied to the structure on and off over the 

life of the structure.  

Live loads refer to the transient forces that move through a building or act on any of 

its structural elements. They include the possible or expected weight of people, 

furniture, appliances, cars and other vehicles, and equipment.  

Live load refers to occupational forces from occupancy and intended use. They 

represent transient forces that can be moved through the building or act on a 

particular structural element.  

The live load was calculated as per IS 875- 1987 PART-2 and A live load of 4 

KN/sqm is given as input in STAAD Pro through the floor load. 

 

IMG 3.9  

  LATERAL LOAD  

 

Lateral load acting in the building is earthquake/seismic load and wind load. It was 

done by Seismic Coefficient Method. Wind load (IS 875 Part 3) is obtained by 

design wind speed and design wind pressure. Earthquake load being the pre-

dominant one between the two lateral loads, hence its effect was only considered. 

For the analysis of earthquake load, Seismic Coefficient method (Static) was used  
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In loads and definition tab in STAAD Pro, first the seismic loads are defined, by 

clicking on the seismic definition, the STAAD Pro software ask for the seismic 

parameters, here we choose the IS code 1893-2002 and we also click on include 

accidental loads, next we click generate option, the STAAD Pro inputs which 

include city, rock/ soil type, structure type after clicking generate again. 

 

IMG 3.10 

The software resets the seismic parameters according to city and now we have to input 

different weight such as self-weight, joint weights, member loads.  Here we are giving a 

joint load of 5KN/sqm, after this we go to the load cases and define two loads under the 

seismic type EQX and EQZ after which we add factor direction which means direction of 

the load which is acting, here we give -1 as the factor which means the direction of the load 

is acting in negative direction. 

After assigning the seismic loads in STAAD Pro we can go on defining the dead and live 

loads respectively, the respective loads are assigned to the respective members, and the 

dead load of the slab is assigned to the view.   
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IMG 3.11 

  

IMG -3.12 
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Load combinations  

A combination of load occurs when different types of loads act simultaneously or together 

in a structure. To avoid failures in a structure, a load factor is used in the case of 

combination of loads acting on a building. 

Following load combination are adopted for design 
 

a) 1.5(DL±LL) 

 

b) 1.5(DL+LL±EQX) 

 

c) 1.2(DL+LL±EQX) 

 

d) 0.9(DL±EQX) 

 

These loads combinations can be defined in load case details by click on add where the 

window of add new load cases pops up, the last two options are related to the load 

combinations. They are  

1. define load combinations 

2. auto generate load combinations  

define load combinations we manually define the load combinations, where as the in auto 

generate load combinations the STAAD Pro automatically generates loads. Here we have 

used the define load combination option. 

 

 

IMG -3.13 
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The below image shows the structure after applying the first load combination  

 

 

IMG-3.14  

Before proceeding to the analysis and print, we check formation of duplicate node, 

members and plates. We also check if any member is missing any kind of property. 

4.) Analyze the structure  

By clicking on the analysis and print command, the software asks us the print option, here 

will the option ALL, by click this option we get load data, static check, static load analysis. 

 

 

IMG – 3.15 
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IMG-3.16 

We should get zero error mainly, warning sometime can be ignored. Now from here we go 

to post processing mode to see the shear force, bending moment and deflection of the 

structure. If the deflection exceeds the permissible limits, then we have to go back to 

modeling mode and redefine the sections which exceed in the deflection. After clicking on 

the post processing mode, the software asks us to include the necessary loads after selecting 

the loads click on apply and okay  

 

 

 

IMG -3.17 
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THE DISPLACEMENT RESULTS  

 

  

IMG-3.18 
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Table-3.2 
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THE SHEAR FORCE AND BENDING MOMENT RESULT  

 

 

 

IMG -3.20  
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Table – 3.3 
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THE MAXIMUM AXIAL FORCES RESULTS  

 

Table 3.4 
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THE MAXIMUM BENDING MOMENT RESULTS  

 

Table 3.5 
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THE MAXIMUM SHEAR FORCE RESULTS  

 

 

Table 3.6 
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THE MAJOR PRINCIPAL STRESS ACTING ON THE PLATE  

 

 

IMG- 3.26 

 

THE MINOR PRICIPAL STRESS ACTING ON THE PLATE  

 

 

IMG- 3.21 

 

 

 

 

 



33 

 

 

 

VIEWS OF THE PLAN IN THE STAAD PRO  

 

TOP VIEW  

IMG- 3.22  

 

FRONT ELEVATION 

IMG- 3.23 
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SIDE ELEVATIONS 

IMG- 3.24 
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CHAPTER 4 

APPLICATIONS/ADVANTAGES  

4.1 ADVANTAGES OF STAAD  

STAAD building planner 
STAAD provides visualization module of the building planner which generate models of 

the building that can be designed and analysed in the software program. This software is 

interactive and intuitive that makes easy the work on making changes in the geometry 

specification operations with fewer mouse clicks in the workflow. 

Physical modelling 
Physical modelling is one of the most significant features used in the software. It is 

simplified physical modelling process of a structure. This software Visualize Beams, 

columns and surfaces placed in the model corresponding to which they appear in the 

physical world spanning multiple floors and a surface representing an entire floor of a 

building. 

Analytical Modelling 
Analytical model can be created employing the ribbon- based user interface by making 

changes and editing the command file which are of types like DXF, cis/2. The model 

geometry can even be generated from the data of macro- enabled applications (Like 

Microsoft Excel, Micro stations etc) by using Macros. 

Earthquake mode 
In this design software the requirement and specifications work in accordance building 

structures in seismic zones and regions. These requirements ensure that the structures can 

sustain seismic loads and remain stable in the seismic events. The STAAD Pro software 

workflow is used to check if the structure confirms to the basic geometric 

recommendations. 

Generate design loads and load combinations:   

Apply code-prescribed wind and seismic loads to the structure using built-in load 

generators. Calculate relevant loading parameters automatically based on the structural 

geometry, mass, and selected building code provisions without the need for separate hand 

calculations. Combine these lateral load cases with gravity and other types of loads using 

load combination generators. 
 
Design to international design standards:  
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 Extend the reach of your business practice and take advantage of global design 

opportunities by using a wide range of international standards and specifications in our 

design products. Complete your designs with confidence thanks to extensive support of 

U.S. and international standards. 

 
Produce structural design documentation: 
 Generate structural design documents automatically, including necessary plans and 

elevations that are used to convey the design intent. Changes made to the 3D model are 

automatically updated in the documentation. 

 
Utilize international section profiles:  

Complete your structural model using a vast array of international section profile databases, 

which are included at no extra charge. Take advantage of global design opportunities 

around the world. 

 

4.2 RCDC Capabilities 

Comply with seismic requirements 

Design and detail seismic force-resisting systems, generating seismic loads according to the 

relevant building code. Consider these forces in the design of elements and, where 

applicable, the design of frames and the larger structural system. Enforce the ductility 

requirements of the selected design code in element proportioning and detailing. 

Design beams, columns and walls 

Optimize or analyse beams, columns, and walls for gravity and lateral loads to quickly 

obtain safe and economical designs. Confidently produce designs in compliance with global 

design specifications and building codes. 

Design non-traditional and custom shapes 

Control concrete beam, wall, and column designs including L, T, and C shapes. Create and 

check irregular bar layouts including stirrups and links using a broad range of material and 

design properties. Account for continuity in column stacks and beam lines when 

determining appropriate reinforcing layout. 

Design to international standards 

Extend the reach of your business practice and take advantage of global design 

opportunities by using a wide range of international standards and specifications in our 

design products. Complete your designs with confidence thanks to extensive support of 

international standards. 

Model concrete floor-based structures 
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Model your floor-based structures including slabs, openings, beams, and columns with the 

optional floor planner for efficient modeling. 

Produce comprehensive quantity take-offs 

Gain critical insight into concrete design alternatives with comprehensive material takeoffs 

and cost estimation, organized by material, size and shape. Estimate formwork area and 

costs upfront. 

Produce concrete drawings and schedules 

Produce comprehensive reinforcing drawings including automated rebar labels, dimensions, 

and notes, as well as rebar placing drawings, including sections, plans, and details from the 

3D model. Customize all drawings to adhere to your company's standards. Automatically 

update drawings based on changes to the 3D mode 
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CHAPTER – 5 

EXPERIMENTAL RESULTS 
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CHAPTER – 5 

DESIGN RESULTS 

5.  DESIGN OF STRUCTURAL MEMBERS 

 Here in this commercial complex design of beam, columns slab and foundation are carried 

out. After the analysis of the structure and the structural engineer carries out the structural 

design. Here the concept of limit state of design is used.  

5.1 DESIGN OF BEAMS AND COLUMNS  

In STAAD PRO they are 2 ways that we can design the beams and columns  

1) conventional method    

2) interactive concrete design  

5.2 Conventional method    

In this method we have to input the values of Fck, fy, fysec and the commands design 

beam, design column in the design mode of STAAD pro and we have to reanalyze the 

structure, here the STAAD Pro calculates the total area of steel and total volume of the 

concrete and gives us the reinforcement details of the beams and columns.  

 

IMG-5.1  
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IMG-5.2 

 

Reinforcement details of beam  

 

 

IMG-5.3 
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Reinforcement calculations in the output file of STAAD Pro  

 

 

IMG-5.4 
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 IMG-5.5 

 

Reinforcement details of column   

 

 

IMG-5.6 
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IMG-5.7  
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IMG-5.8 

 

 

5.3 INTERACTIVE CONCRETE DESIGN  

 

Interactive concrete design in STAAD Pro is an advance level where the user gets to define 

the design parameters like the minimum cover, minimum reinforcement spacing, etc.  

To achieve this interactive concrete design, we have to define an envelope of load cases, 

where we select the serviceability criteria.  The first step in this interactive concrete design 

is to define briefs and groups of beam and column. After defining the briefs and columns, 

we have to select the whole structure and click on the auto define members, this results in 

formation of members. These members of beams and columns are allocated to their defined 

groups, where they can be deigned and check the failed beams and columns.  

Interactive concrete designer provides the schedules and the layout of the members in 

DWG format    
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IMG-5.9 

 

 

layout of the beam  

 

 

IMG-5.10  
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IMG-5.11 

 

 

IMG-5.12  
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IMG-5.13 

 

IMG-5.14 
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IMG-5.15 

 

IMG-5.16 
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layout of the column  

 

 

IMG-5.17 

 

IMG-5.18  

layout of the beam  
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5.4 DESIGN OF SLAB IN STAAD RCDC  

We cannot design the slab member in STAAD PRO because it does not support the slab 

design confining to the IS 456, hence we have to use the extension software known as the 

STAAD RCDC, here in this software we have to link the STD file of our project, to design 

the slab. After linking file to the software, we have to select the height where we are 

designing the slab  

 

IMG-5.19 

 

 

After the file is connected, we have to give the input of the imposed load, live load, 

thickness, top of the slab and the cut-out details.  

Here the live load is 4KN/sqm  

And the imposed load is 12KN/sqm  

The imposed load includes the dead loads of the beam, column, slab and brick wall  
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Thickness of the slab is 150 mm 

Top of the slab is 5 mm  

After this data is given as the input then we proceed to the slab design  

The software automatically chooses the panel type if any slab fails the we can change the 

panel type, the software also determines the weather slab is a two-way slab or a one-way 

slab. In the design setting we have to choose the detailing style; we choose curtailed rebars 

and the material property after that we click on the design slab  

 

 

IMG-5.20 
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Table-5.1 
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IMG-5.21 

 

In the similar way   we design the slab at 6mts  
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IMG-5.22 

 

 

Table 5.2 
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IMG-5.23 

5.5 DESIGN OF FOUNDATIONS  

STAAD PRO has an extension known as the STAAD foundation design where we can 

design different footings here for this commercial structure, we begin with combined 

footing because to avoid the overlapping of the pressure bulbs in the soil, if the pressure 

bulbs overlap it leads to the settlements and ultimately leading to failure of the structure,  

and we are using isolated footing where the risk of overlapping the pressure bulb is very 

low to negligible   
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for drawing the combined footings, we provide data in the software, that has been collected 

on the site, like the soil bearing capacity and depth of water table etc. 

The next step involves in the inputs of concrete and rebar and the bar diameter to be used  

After giving all the sufficient data we proceed to design the footings in the software  

After the design is complete, we download the required data and results from the software 

This includes the GAD of the foundations, schedules and reinforcement details. 

If the combined footings also fail the we have to proceed for the designing of pile 

foundation, here we can choose either STAAD foundation design or RCDC to design the 

pile foundation.  

Pile foundation, a kind of deep foundation, is actually a slender column or long cylinder 

made of materials such as concrete or steel which are used to support the structure and 

transfer the load at desired depth either by end bearing or skin friction. 

When to Use Pile Foundation: -  

   Following are the situations when using a pile foundation system can be 

• When the groundwater table is high. 

• Heavy and non-uniform loads from superstructure are imposed. 

• Other types of foundations are costlier or not feasible. 

• When the soil at shallow depth is compressible. 

• When there is the possibility of scouring, due to its location near the river bed or 

seashore, etc. 

• When there is a canal or deep drainage systems near the structure. 

• When soil excavation is not possible up to the desired depth due to poor soil 

condition. 

• When it becomes impossible to keep the foundation trenches dry by pumping or by 

any other measure due to heavy inflow of seepage. 

 

 

https://civiltoday.com/geotechnical-engineering/foundation-engineering/161-types-of-foundation
https://civiltoday.com/water-resource-engineering/open-channel/265-what-is-a-canal-types-of-canals
https://civiltoday.com/images/Article_Image/Foundation/pile-foundation.jpg
https://civiltoday.com/images/Article_Image/Foundation/pile-foundation.jpg
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IMG-5.24 

 

 

Here for this commercial building, we choose the pile foundation through RCDC. We link 

the STAAD file to the RCDC and begin the design 

 

 

IMG-5.25 
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Inputs regarding the percentage of the steel, reinforcement area, rebar spacing is given in 

the reinforcement settings. The next step involves the definition of the pile capacity  

Here the data to be include are the pile diameter, compression capacity, tension capacity 

and shear capacity. We could input and choose multiple data and the software chooses the 

best configuration that is required for the construction.  

 

IMG-5.26 

 

After the pile capacity the next step is to define the general settings where the basic data 

like the grade of concrete and grade of steel is given. The next step involves the preferred 

configuration of the piles and other design options such as capacity design, pile shear 

check, overburden pressure. After inputting the suitable data and collected data from the 

site we check for the pile configuration which is suitable for the design by clicking on the 

pile configuration and software gives the output of the best suited pile configuration as 

shown in fig 5.25.  
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IMG-5.27 

 

IMG-5.28 
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Here the software chooses the 500Ø pile foundation. After the pile configuration is 

selected, we design the foundations. The output file includes the following  

1. pile cap size  

2. pile cap thickness  

3. bottom reinforcement along the length  

4. bottom reinforcement along the breadth  

5. top reinforcement along the length  

6. top reinforcement along the breadth  

7. face bars  

if any failed piles, then we increase the diameter of the pile.  

 

 

IMG-5.29 

 

After the design output we click on the detailed drawing, the software generates us the 

detail drawings as shown in below fig- 5.27.  
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IMG-5.30 
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CHAPTER – 6 

CONCLUSIONS  

Modeling of the frame, design of beams and columns was done in STAAD pro. Slabs and 

foundations were designed in STAAD RCDC and were designed as per IS code 456:2000, 

limit state of method.  

The properties such as deflections, shear, bending moment, torsion, axial force is with IS 

code provisions.  

The beams and columns have been designed by using both conventional and interactive 

concrete design method, as per IS 456, a comparative study was carried out in the both 

methods, where it was found that the interactive concrete designer has more accuracy in 

results and the features provided by the interactive concrete designer were also more.  

The slabs have been designed using the STAAD RCDC, where the reinforcement details 

were obtained, the concepts of curtailed rebars and bent up bars has been studies and it was 

found out that the curtailed rebars provide more cost efficiency.  

The concept of design of pile foundations has been easy- going by using STAAD RCDC, 

the criteria for the selection of the foundation according to the building has been 

understood.  

Due to these software’s the manual calculations and errors have been reduced leading to the 

time efficiency in the design process   

The future scope  

The future scope of these software’s is been extended to BIM, ‘Building information 

modelling’, where these software tools simplify the work flow by using a physical model in 

STAAD PRO and that is automatically converted into analytical model for the structural 

analysis, share synchronized models with confidence for multi discipline team 

collaboration such as construction management, project management aiming to deliver safe, 

cost efficient construction  

They are many software companies that are currently competing in these fields for the 

development of these type of software tools, some of which include, Tekla, Autodesk 

Revit, 3D structural analysis and design software   
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                                               ABSTRACT  

 
       Now a day’s water scarcity is burning issue. As it is quite obvious that 

there is day to day increase in population, the demand for water also 

increases to satisfy the needs of the community there comes a necessity 

to redesign the existing treatment plants, or design the new treatment 

plants. Redesign or design includes hydraulic design and process of 

treatment of water in the plant. For hydraulic design of the plant, we 

need to forecast the population. We forecasted the population by 

Arithmetical increase method. To design the treatment process of water 

we need to know the properties of raw water. The physical, chemical and 

biological properties of water have been determined. The method of 

treatment of raw water is based on these properties. We are designing 

the water treatment plant for Nandikotkur mandal , Bollavaram & 

Damagatla villages . The source of raw water is from here through K.C 

canal and the water is stored in summer storage tank. The properties of 

water changes based on its surface source.  

 

                                             

 

 

 

 

 

                                    

 

 

https://www.census2011.co.in/data/village/593933-bollavaram-andhra-pradesh.html
https://www.census2011.co.in/data/village/593936-damagatla-andhra-pradesh.html
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                                         OBJECTIVES 

   

OBJECTIVES:- 

 

To prepare a project of preliminary Design of “WATER TREATMENT 

PLANT” at  Nandikotkur mandal , Bollavaram & Damagatla villages. 

 

 

The objectives of the project are:- 

➢ Carrying out a complete analysis and designing of the main 

structural elements of an Water Treatment Plant including slabs, 

columns, and beams. 

➢ The structure should be able to accommodate all the machineries 

as well as all the required equipment needed in the water 

Treatment. 

➢ Use structural software (AUTO CAD) to make the plan. 

➢ Use IS codes. 

➢ Getting real life experience with engineering practices. 

➢ Use all the necessary equipment needed for the survey of the site. 

➢ To study the various elements of the structure in detail. 

➢ To estimate the cost of material as well as cost of labour along with 

the other indirect included cost incurred in the construction of civil 

structures. 

https://www.census2011.co.in/data/village/593933-bollavaram-andhra-pradesh.html
https://www.census2011.co.in/data/village/593936-damagatla-andhra-pradesh.html
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                       INTRODUCTION 

 

INTRODUCTION:- 

 

The primary needs for any living being are the water, air, food, shelter, 

for which water has the greatest importance water is required for various 

purposes such as drinking, cooking, bathing, washing, watering of lawns 

and garden or growing of crops for fire fighting, for heating and air-

conditioning systems, etc. In the ancient times human required water for 

drinking, bathing, cooking etc. But with advancement of Civilization the 

utility of water enormously increased and now such a stage has come 

that without well – organized public water supply scheme it is impossible 

to run the present civic file and develop the towns. 

 

In ancient times every individual or family was responsible to arrange for 

their water supplies. There was no collective effort by the whole 

community for it. But as the community developed it became essential to 

have public water supply soon the inhabitants realized that their l9ocal 

sources of water supply such as shallow wells, springs, cisterns etc are 

inadequate to meet the demand of the town, they started to collect the 

water from distant large sources and conveyed it to the town through 

aqueducts, canals etc. When the concentration of towns increases, it 
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becomes very difficult to locate wells. In addition to these sources of 

water having good quality was less readily available. These all situations 

led to the development of public water supply schemes. Water treatment 

involves science, engineering, business, and art. The treatment may 

include mechanical, physical, biological, and chemical methods. As with 

any technology, science is the foundation, and engineering makes sure 

that the technology works as designed. The appearance and application 

of water is an art. 

 

In terms of business, RGF Environmental, Water Energy Technologies, 

Aquasana store, vitech, Reclayx Industrial SDN BHD and PACE Chemicals 

Ltd. Are some of companies that offer various processes for water 

treatment. Millipore, a fisher scientific partner offers many lines of 

products to produce ultra water, using a combination of active charcoal 

membranes, and reverse osmosis filter. Internet sites of these companies 

offer useful information regarding water. 

  

An environmental scientist or consultant matches the service provider, 

modify if necessary, with the requirements. 

 

• Natural Water includes some discussion on hard and soft 

water. softening hard water for boiler, cooler, and domestic 

application is discussed there in. These treatments prepare 

water so that it is suitable for the applications. 
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• Water Biology deals with water and biology. Drinking water is 

apart of making water suitable for living. Thus, this link gives 

some considerations to drinking water problems. 

 

 

• There are many different industry types, and water from 

various sources are usually treated before and after their 

applications. Pre-application treatment and water treatment 

offer a special opportunity or challenge. Only a general 

consideration will be given to some industrial processes. 

 

• General municipal and domestic water treatment converts 

used water (waste) into environmentally acceptable water or 

even drinking water. Every urban centre requires such a 

facility. 
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                                                SURVEY  

 
A survey is an inspection of an area where work is proposed, to gather 

information for a design or an estimate to complete the initial tasks 

requires for an outdoor activity. It can determine a precise location, 

access, best orientation for the site and the location of obstacles. The 

type of site survey and the best practices required depend on the nature 

of the project. Examples of projects requiring a preliminary site survey 

include urban construction, specialized construction (such as the location 

for a telescope) and wireless network design. 

 

The most important thing under the water supply schemes is the 

selection of sources of water, which should be reliable and have 

minimum impurities. After the selection of source water, the next step is 

to construct intake works in order to collect the water and carry to the 

treatment plants, where this water will be treated. Type of treatment 

process directly depend upon the impurities in water at the source and 

the quality of water required by the consumers. When the water is 

treated, it is stored in clear water reservoir, from where it is distributed 

to the consumers. The distribution system also depend on the elevation 

of clear water reservoir and the elevation of distribution  
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                           STRUCTURAL  ELEMENTS 

 

 

The structural elements are those elements which form the supporting 

skeleton frame work of the supply scheme. 

 

 

 It include the following things:- 

 

a) Cascade type aerator   

b) Alum dossers and wash water tank 

c) Combined coagulation cum 

sedimentation tank  

d) Rapid gravity filter 

e) Chlorinator 

f) Clear water reservoir  

g) Main distribution tank 
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(a)  Cascade type aerator – Since the raw water does not contain too    

much colour and odour, only nominal aeration is proposed by 

constructing an artistic cascade type aerator. This unit will help in 

maintaining the wanted oxygen levels in water, remove dissolved 

iron and manganese, remove co2 and H2S gases as well as the colour 

and taste caused by volatile oils etc. Released by algae and the other 

micro-organisms. The raw water reaching the plant will be pumped 

into the aerator tank through a 450mm diameter pipe and will 

outflow through 4 no. 250 mm diameter  pipes. 
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(b)   Alum dossers and wash water tank- Alum dossers is the 

appurtenance through which measured quantity of alum is added to 

the water supply system before of water. The requisite alum dose 

shall be mixed in two polyethylene tanks of 3000l each, which shall 

be interconnected. The raw water shall first be added in one tank 

where the alum dose of shall be mixed manually. The alum mixed 

solution shall flow into the other tank, where a float control will be 

produced to ensure constant depth of wall. 
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(c)  Combined coagulation cum sedimentation tank - It shall be 

constructed to allow formation of flocks and settlement of 

particles. 
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(d)  Rapid gravity filter - Filter units shall be constructed to filter the 

sediment water, as usual, with provision of wash water tank. 
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(e)  Chlorinator - Considering the remote area and difficulty in 

transporting and storing the chlorine gas cylinders, it has been 

decided to use bleaching powder for disinfection by providing gravity 

type of chlorinator. 

 

 

                          

 

 

 

 

 

 

 

 



17 
 

(f) Clear water reservoir - It shall be constructed to store treated 

water, from where it will be lifted by 2 nd stage pump house to 

deliver it to main distribution reservoir. This pumping is to bed for 

16 hrs. 
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(g)  Main distribution tank – The main distribution reservoir will obtain 

pumped water from 2nd stage pump house and deliver it by gravity 

to service reservoirs of towns and villages for 18 hours per day. 

 

 

 

                

 

       

      

 

 

 

 

 



19 
 

  POPULATION FORECASTING DEMAND 

 
Population  Forecasting  Demand  For  Nandikotkur mandal  – 

 

        Years           1991           2001           2011 
     Population         32615       36343          46593 

 

 

Arithmetical Increase Method – 

 

        Year        Population              Increase in Population 
       1991 
 

         32615          
 
                     3728   
       

                       10250 
 
          

       2001 
 

         36343 

       2011 
 

         46593 

                  13978 

 

 

𝑝𝑛  =   𝑝0+ nc 

C = 13978/2 = 6989  

where n=1 
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(2021) 𝑝𝑛 =   𝑝0+nc 

𝑃2021 = 46593+1(6989) 

𝑃2021 = 53582 

 

𝑃2031 = 𝑃2021 + nc 

𝑃2031 = 53582+1(6989) 

𝑃2031 = 60571  
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Population Forecasting Demand  For  Bollavaram  Village – 

 

 

Year        1991        2001         2011 

Population        2108        2198         2561 

 

 

 

Arithmetical Increase Method – 

 

 

           Year            Population Increase in population 

           1991             2108 
 

 
             
               90 
 
               363 
 

           2001             2198 
 

           2011             2561 

               453 

 

𝑝𝑛  =   𝑝0+nc 

Where n=1 

c=453/2 = 227  

 

𝑃2021 = 𝑃2011 + nc 

𝑃2021 = 2561+ 1(227) 

https://www.census2011.co.in/data/village/593933-bollavaram-andhra-pradesh.html
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𝑃2021 = 2788 

 

𝑃2031 = 𝑃2021 + nc 

𝑃2031 = 2788 + 1(227) 

𝑃2031 = 3015 
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Population Forecasting Demand For Damagatla Village – 

 

 

Year       1991        2001        2011 

Population       2351        2646        3266 

 

 

 

Arithmetical Increase Method – 

 

 

             Year          Population Increase in population 

             1991               2351 
 

        
  
              295    
 
              620 

             2001               2646 
 

             2011               3266 
 

              915 

 

 

 

𝑝𝑛  =   𝑝0+nc 

Where n=1 

c = 915/2 = 458 

 

https://www.census2011.co.in/data/village/593936-damagatla-andhra-pradesh.html
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𝑃2021 = 𝑃2011 + nc 

𝑃2021 = 3266 + 1(458) 

𝑃2021 = 3724 

 

 

𝑃2031 = 𝑃2021 + nc 

𝑃2031 = 3724 + 1(458) 

𝑃2031 = 4182 
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Population:- 

 

 

    Areas 
 
 

   1991    2001    2011     2021    2031 

 
Nandikotkur       
mandal 

   32615    32343    46593     53582    60571 

 
 
Bollavaram 

   2108    2198    2561     2788    3105 

 
 
Damagatla 
 

   2351    2646    3266     3724    4182 

      Total 
 
 

   37054    41187    52420     60094    67858 

 

https://www.census2011.co.in/data/village/593933-bollavaram-andhra-pradesh.html
https://www.census2011.co.in/data/village/593936-damagatla-andhra-pradesh.html
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                         DESIGN SPECIFICATIONS 
 

(1)    DESIGN OF PRE -SEDIMENTATION TANK - We shall design the 

tank to remove particles up to 0.1 mm size, and adopt the following 

general parameters. 

 

General parameters – 

 

1. Overflow rate                                   =    20 to 80 𝑚3/𝑚2/day 

2. Minimum side water depth           =    2.5 m 

3. Detention time                                 =   0.5 to 3 hrs 

4. Side slopes                                        =   10 % from sides 

5. Longitudinal slope                           =   1%  in rectangular tank  

6. Setting velocity                                =     0.1 mm 

 

         Hydraulic Design - 

         Water required by the year 2031  =  
𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

 (𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑/ℎ𝑒𝑎𝑑)
 

                                                                      =  67858/135 

                                                                      =  503 MLD 

                                                                      =  (503  X 1000) / (24)   

                                                                      =  20959 𝑚3/hr 
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Pumping is for 16 hrs, thus discharge   =    20959 x 24/16 

                                                                     =     31438.5 𝑚3/hr 

                    Water loss in desludging     =    2 % 

 

                               Design average flow  =  31438.50 x 1000/( 100 -2 ) 

                                                                     =  320801.02 𝑚3/hr 

                      Assume detention period  =    1.5 hrs 

Effective storage of sedimentation tank   =    320801.02 x 1.5 

                                                                          =    481201.53 𝑚3 

 

Assuming effective depth    =      3.0 m 

        Area of tank required   =    481201.53 / 3.0 

                                                  =   160400.51 𝑚2 

                 Assume L : B   =  3 : 1 

               3B X B  =  160400.51  

                     B    =     √
160400.51

3
 

                     B    =    231.22 m  
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                    L  =  3  X B  

                    L  =  3 X 231.22  

                    L  =  693.66 m  

Provide a tank of size ( L =  693.66  m )  x (  B = 231.22  m )  x ( D  = 3.5  m ) 
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(2)   Design Of Raw Water Tank -  A raw water storage tank of 8.0 hrs 

deletion period is proposed. 

 

       Water required for the year 2031  =  503 MLD 

       Taking 8 hrs detention period  capacity of  tank   =  
(8.00×503)

24
× 1000 

                                                                                               =  167666.7 𝑚3 

 

       Provide water depth    =  3.0 m 

       Plan area of tank required    =   167666.7 / 3 

                                                          =   55888.9 𝑚2 

              

                   

 Assume a ratio of  L : B   =  3 : 1 

                     3 B X B  =  55888.9 

                     B    =     √
55888.9

3
 

                     B   =    136.49  m   

                     B   = ~ 137 m 

                    

                    L   =   3  X B  
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                    L   =   3  X  137 

                    L   =   411  m  

Provide a tank of size ( L =  411  m ) x  ( B = 137  m ) x  ( D  = 3.5  m ) 
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(3)  Design of cascade aerator  -  

 

         Water requirement for the year 2031   =   503 MLD   

                   Average water requirement (Q )  = 
(106 x 503)

24 x 3600 x 103  𝑚3/s 

                                                      Q  =  5.82 𝑚3/s 

                          For broad crest Q  =  1.65 B X  𝐻 1.5 

                              Taking width  B  = 4 m  

                                                       H  = 13 cm 

 

 

 

 

 

 

 

 

 

 

 



32 
 

(4)    Design Of Sedimentation Tank – 

               Overflow rate   =  15 to 30 𝑚3/d/𝑚2     

               Minimum side water depth = 2.5  m 

               Detention period for coagulated water = 2 to 4 hrs           

               Weir loading = 300 𝑚3/d/𝑚2 

              Side Slopes    =  10 % 

              Longitudinal  Slopes  = 1 % 

              Settling  Velocity  = 0.02 m  

 

Water required by the year 2031  =  503 MLD 

                                                             = 20959 𝑚3/hr   

 Assume a total detention period of  2.6 hrs  

 Effective storage of sedimentation tank  =  20959 x 2.6 

                                                                          =   54493.4 𝑚3 

 

  Assume effective depth   =  3.0 m 

  Area of tank required  (A)  

                                     A  =   54493.4 / 3  

                           A  =  18164.46 𝑚2 
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                    Assume   L/B  =  3:1 

                      3B X B = 18164.46  

                               B = √
18164⋅46

3
 

                               B = 77.81 m 

     

                               L  = 3 X B 

                               L  = 3 X 77.81  

                                L  =  233.43 m  

  

        Provide a tank Size ( L =  233.43  m )  x  ( B  = 77.81  m ) x ( D  =  3 m ) 
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(5)   Design Of Rapid Gravity Filter – 

       Required flow of filtered water = 503 MLD 

       Quantity of back water used  = 3 % of filter output 

       Time lost during back washing  = 30 min 

       Design rate of filteration   =  5.4 𝑚3/𝑚2 /hr 

       Length width ratio = 1.25  

       Size of perforation  = 9mm 

  Filtered water required per hour  =  
(106 x 503)

24  x 103    

                                                                 =  20958.3 𝑚3/hr  

                                                                =  20959 𝑚3/hr 

 

Design flow for filter after accounting for backwash water 3 % and 

washing time 0.5 hr    =   
(20959 x (1+0.03) x 24 )

23.5
   

                                       =     22047.08  𝑚3/hr  

 

Plan area of filter required  =    
22047.08

5.4
   

                                                  =     4082.79 𝑚2 

Generally provide two filter units each of 2045 𝑚2  
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(6)   Design Of Chlorinator -   

 

Two polythene tanks , each of 3000 L  capacity, shall be installed to 

mix clear water with the requisite amount of bleaching powder , 

which water will flow by gravity  into clear water tank to have 

contact period of more than  30 min , as to causes disinfection. 

 

Normal dose of chlorine to be taken   =   0.3 ppm for a contact 

period of 30 min 

Average daily demand of water of the year 2031   =   503  MLD  

 

Chlorine required per day      =    
(106 x 503 x 0.3)

 106    

                                                               =    150.9 kg  

 

Since chlorine content in bleaching powder is 30 % it means that 30 

kg of chlorine in 100 kg of bleaching powder. 

 

Bleaching powder required per day   =     
(150.9 x 100)

30
   

                                                                  =   503 kg  

Annual consumption of bleaching powder  =  503 x  365 

                                                                             =  18359 
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(7)    Design of clear water reservoir -   

 

Treated water stored in clear water  reservoir  = 8 MLD  

 

Since pumping from clear water reservoir distribution tank is also 

16 hrs, detention period of 8 hrs is provided in clear water reservoir 

to ensure 24 hrs supply capacity of clear water reservoir. 

           

           Capacity of clear water reservoir     =    
(106 x 503 x 10−3 x 8)

 24
   

                                                                          =   167666.67 𝑚3/hr 

            Assume water depth  =  3.0 m 

            Plan area required   =  
(167666.67)

 3
   

                                                =  55888.89 𝑚2 

 

            Assume ratio L : B =  2.5 : 1 

                                         B x  2.5 B  =  55888.89 

                                         B  =  √
55888⋅89

2⋅5
 

                                         B  = 150 m 

 

                                         L = 2.5 X B  
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                                         L =  2.5 X 150 

                                         L = 375 m 

 

Provide tank size  ( L = 375 m ) x (  B = 150 m ) x ( D = 3 m ) 
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(8)   Design Of  Distribution Tank  -  

 

Water required for 2031  =  503 MLD  

Since the water will come in the tank in 16 hrs pumping from clear 

water reservoir and it will go to the service reservoir in 18 hrs, a 

storage of 2 hrs is required on the tank. 

 

Capacity of tank required      =    
( 503 x 103 x 3)

 24
 

                                                              =   62875 𝑚3 

 

                  Provide depth of water  =   3.0 m 

 

              Plan area of tank required =   
62875

 3
 

                                                              =   20959 𝑚2 

 

 

           Assume ratio L : B =  2 .5 : 1 

                          B x  2.5 B  =  20959 

                                        B  =  √
20959

2⋅5
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                                        B   =  92 m 

 

                                         L  =  2.5 X B  

                                         L  =   2.5 X 92 

                                         L  =  230 m 

 

Provide tank size   ( L = 230 m ) x ( B = 92 m ) x ( D = 3.5 m )                                                     
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                            RESULT 

 
     A successful technical project involves integration of various fields. 

This is an attempt to combine several aspects of environmental, 

biological, chemical and civil engineering.  

Since there is no proper water treatment plant in Nandikotkur mandal , 

Bollavaram & Damagatla villages, it is necessary to construct it. The plant 

is designed perfectly to meet the future expansion for the next 30 years 

in accordance with Indian Codal Provisions. This project consists the 

design of the complete components Cascade type aerator, Alum dossers 

and wash water tank, Combined coagulation cum sedimentation tank, 

Rapid gravity filter, Chlorinator, Clear water reservoir, Main distribution 

tank. 

 

 

 

 

 

 

 

                       

https://www.census2011.co.in/data/village/593933-bollavaram-andhra-pradesh.html
https://www.census2011.co.in/data/village/593936-damagatla-andhra-pradesh.html
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                        CONCLUSION 

 
Water is an essential and most available source on the earth, 

possibility of contamination was high which may cause several impact on 

environment and living organisms. Ground water has contaminated more 

when compared with surface water, hence water treatment plant has 

become very essential & it has been constructed to prevent water 

contamination and several advanced and improved techniques have been 

developed in treating water. Due to industrialisation and rapid population 

growth water contamination and demand have increased, hence it is 

essential to provide water treatment plant. 
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ABSTRACT 

 

Civil engineering is a professional engineering discipline that deals with the design, construction, 

and maintenance of the physical and naturally built environment, including public works such as 

roads, bridges, canals, dams, airports, sewerage systems, pipelines, structural components of 

buildings, and railways. 

 

Analysis of entire structure have been complete by manually design and verifies by Software. All 

the drafting and detailing was done by using Auto CAD, also serve as a base for transfer of the 

structure for analysis and design in STAAD Pro. In this project, the design of slab, beam, column, 

staircase, etc. is calculated by “Limit State Method” using IS: 456-2000 code book STAAD Pro 

with its new features surpassed its predecessors, and compotators with its data sharing capabilities 

with other major software like AutoCAD, and MS Excel. 

 

This project is generally based on theoretical design and analysis of structural framed building. 

The entire process of structural planning and design required imaginations, sound knowledge and 

thinking. Analysis and design of G+2 story residential building structure by using IS Code method. 

 

We conclude that AutoCAD and Staad  pro is very helpful  and  powerful tool which can save 

much time and is very accurate in structure designs. 
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CHAPTER 1 

INTRODUCTION 
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AIM 

 

In this project, an effort made on planning, analysis and design of residential building. For analysis 

and design of building, the plan draft by AUTO-CAD software which plan import in STAAD Pro. 

 

 

1.1 BACKGROUND : 
 

One being a good designer has to deal with various structures ranging from simple ones like the 

curtailment rods, and electric poles to more complex ones like multi-storied frame buildings, shell 

roofs, bridges etc. These structures are subjected to various loads like concentrated loads, 

uniformly distributed loads, uniformly varying loads, seisimic load ,internal or earthquake load 

and dynamic forces which are considered during the design phase. The structure transfers its load 

to the supports and ultimately to the ground. While transferring the loads, the members of the 

structure are subjected to internal forces like axial forces, shearing forces, bending and torsional 

moments which are discussed while analyzing the structures. 

 

In this project, an effort made on planning, analysis and design of residential building. For analysis 

and design of building, the plan draft by AUTO-CAD software which plan import in STAAD Pro. 

The present project deals with the design & analysis of a multi storied residential building of G+2 

consisting of apartments in each floor. The dead load &live loads are applied and the design for 

beams, columns, footing is obtained. 

 

STAAD Pro with its new features surpassed its predecessors and compotators with its data sharing 

capabilities with other major software like AutoCAD. We conclude that staad pro is a very 

powerful tool which can save much time and is very accurate in Designs. Thus it is concluded that 

staad pro package is suitable for the design of a multistoried building. 

 

 

KEY WORDS:  

 

STAAD Pro, Multi-storey building, Autocad, Concrete mix, Steel strength, Limit state method 

,Detailed planning of the structure usually comes from several studies made by town planners, 

investors, users, architects and other engineers. On that, a structural engineer has the main 

influence on the overall structural design and an architect is involved in aesthetic details. 

 

Therefore an attempt has been made to present the g+2 building for residential purpose .The 

complex consisting of multi-storey. The structure is design based on the theory of 

LIMITSTATE METHOD which provides adequate strength, serviceability, durability. 
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1.2 OBJECTIVE OF THE PROJECT WORK 
 

1.2.1 MAIN OBJECTIVE: 
  

 To achieve  a practical knowledge on design, structural analysis and detailing of structural 

components. 

 

1.2.2 SPECIFIC OBJECTIVES: 

 
 Modeling of the building for structural analysis. 

 Sectional design and structural detailing of the members. 

 

1.3 BASIC COMPONENTS OF AN RCC STRUCTURE: 

Structural elements of rcc structure are as follows : 
 

 Beams 

 Floor and Roof systems 

 Columns 

 Slab 

 Footings 

 Walls 

 Staircase 

 Lintels 

 DPC (damp proof course ) 

Beams : 

 
A bar subjected to forces and couples that lie in a plane containing its longitudinal axis is called a 

beam. 
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Floor and Roof system : 

 
The floor and roof systems are the main horizontal structural components in a building. They carry 

gravity loads and transfer them to the vertical components (columns and/or walls), and also act as 

horizontal diaphragms by transferring the lateral load to the vertical components of a structure. 

 

Columns : 

 
Columns are vertical members that support loads from the beam or slabs. They may be subjected 

to axial loads or moments. 

 

Slab : 
 

Slabs are most widely used structural elements forming floor and roof of building. Slab support 

mainly transverse load and transfer them to supports by bending actions more or one directions. 

 

There are two types of slab : 

  

 One-way slabs  

 Two-way slab. 

 

 One-way slab :   

It is defined as the ratio of longer span by shorter span is greater than 2.When the slab is supported 

on two opposite side parallel edges, it spans only in the directions perpendicular to the supporting 

edges. It bends in one direction and main steel is provided in the directions of the span. Such a slab 

is known as a one-way slab. 

 

One way continuous slab : 
 

In the case of large halls, auditoriums, marriage halls, etc. the length is divided into equal bays by 

providing beams perpendicular to the length. The slab provided over such an area is called a one-

way continuous slab. 

 

 Two-way slab : 

 
It is defined as the ratio of longer span by shorter span is less than 2.When the supported on four 

edges and the load distribution is also on four edges of the panel. The reinforcement is provided 

on both sides. 

 

 



Multi – Storey Residential Building 
 

 

Page | 12  
 

Footings : 

 
Footing is a part of foundation which is constructed with concrete or brickwork masonry and acts 

as a base to the floor columns and floor walls. The main function of footing is to transfer the 

vertical loads directly to the soil. 

 

Foundations are structural elements that transfer loads from the building or individual column to 

the earth .If these loads are to be properly transmitted, foundations must be designed to prevent 

excessive settlement or rotation, to minimize differential settlement and to provide adequate safety 

against sliding and overturning. 

 

There are three type of isolated column footing: 

 

1 Pad footing 

2 Stepped footing 

3 Slopped footing 

 

 Types of footings: 

 

1.      Isolated footings 

2.      Combined footings 

3.      Mat or raft foundation 

4.      Strapped footings 

5.      Pile foundation 

Isolated footings: 

 

It is square, circular od individually rectangular slab of uniform thickness, provided under each 

column. 

Combined footings: 

 

When two or more columns are supported by a footing if is called combined footing. This footing 

may be of rectangular or trapezoidal in plan. Combined footing is provided under following 

situations. 

 When columns are close to each other and their individual footings overlap. 

 Two Soil having low bearing capacity and requires more area under individual footing. 

 The column end is situated near the property line and the footing cannot be extended. 
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Raft foundation: 

 

This foundation covers the entire area under the structure. This foundation has only RCC slab 

covering the whole area or slab and beam together. Raft foundation is adopted when heavy 

structures are to be constructed on soft made-up ground or marshy sites with uncertain behavior. 

Raft foundation is also known as mat foundation. 

 

Strapped footing : 

 

In this type of footing, the outer and inner column is connected by a strap beam does not transfer 

any load to the soil. 

Pile foundation : 

Pile foundation, a kind of deep foundation, is actually a slender column or long cylinder made of 

materials such as concrete or steel which are used to support the structure and transfer the load at 

desired depth either by end bearing or skin friction. 

Pile foundations are used in the following situations: 

1.      When there is a layer of weak soil at the surface. This layer cannot support the weight of       

the     building, so the loads of the building have to bypass this layer and be transferred to the layer 

of stronger soil or rock that is below the weak layer. 

2.      When a building has very heavy, concentrated loads, such an sin a high rise structure, bridge, 

or water tank 

Walls: 

Walls are vertical plate elements resisting gravity as well as lateral loads e.g retaining walls, 

basement walls etc., 

Staircase : 
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A staircase is the part of a building that helps us to move from one floor to another. It is a very 

important part of a building. For different types of building the sizes of the stairs differ. 

Lintels : 

Lintels are constructed above the wall openings like doors, windows, etc. these structures support 

the weight of the wall coming over the opening. Normally, lintels are constructed by reinforced 

cement concrete. In residential buildings, lintels can be either constructed from concrete or from 

bricks. 

Damp proof course (DPC): 

The damp proof course (DPC) is generally applied at basement levels, which restrict the movement 

of moisture through walls and floors. The selection of material for the damp proof course and its 

various methods of application building is discussed. 
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CHAPTER 2  

 

LITERATURE REVIEW 
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2.1 AUTOCAD 

 

AutoCAD is a commercial software application for 2D and 3D computer aided design and drafting 

for various fields in engineering like civil, mechanical, electrical, automation, architecture etc. It 

was first launched in 1982 by Autodesk, Inc.  

 

AutoCAD Architecture allows designers to draw 3D objects such as walls, doors and windows, 

with more intelligent data associated with them rather than simple objects. The data can be 

programmed to represent products sold in the building industry, or it can be extracted into a file 

for pricing material estimation etc. AutoCAD or Computer Aided Design is a very helpful tool in 

drafting and designing any structure. AutoCAD uses a Graphical User Interface for the purpose of 

drafting and designing any structure.  

 

The software has various inbuilt tools for complex drafting.  Also  AutoCAD can be used for 2D 

and 3D design and also for perspective design. It has made the life of a drafter quite easy than the 

conventional drafter using paper and pencil. It has made possible to make easy changes in the 

drawing as and when required. Also various commands such as COPY, OFFSET, ROTATE, 

MOVE have made the tedious process of redundant work quite easy and faster.  

 

Also one of the important features of AutoCAD is the import and export feature which allows 

users to move their plans drawn using autocad to other design software’s such as STAAD. Pro and 

ETABS with the help of DXF file format which has in turn reduced load on the designer. Also 

structural designs made on STAAD and ETABS are also exportable to AutoCAD for minute 

detailing required. 

 

2.2 STAAD PRO : 

 

STAAD Pro V8i has a very user friendly interface and very useful for designing complex structures 

and analyzing them. STAAD Pro V8i is a design and structural analysis program developed by 

Research Engineers International , CA. It was acquired by Bentley Systems in 2005.  
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It is one of the most widely used design and structural analysis software’s for concrete, steel and 

timber design codes .STAAD pro allows designers and structural engineers to design and analyze 

virtually any type of structure through its very flexible modelling environment, fluent data 

collection and advanced features. 

STAAD pro supports over 70 international codes including IS456:2000 IS800:2007 and over20 

U.S codes in more than 7 languages. The GUI or Graphical User Interface or user communicates 

with the STAAD Pro analysis engine through the standard input file. That input file, a text file 

consists of a series of commands which are sequentially executed. These commands contain either 

instructions or data pertaining to analysis and/or design. 

 

The STAAD Pro input file may be created through the text editor or the GUI facility. Generally, 

any text editor can be utilized to edit/create the STD input file. The GUI Modelling facility creates 

the input file through an interactive graphics oriented procedure. STAAD allows users to create 

various types of structures and also analyze these structures which are listed below 

• A SPACE structure, is a 3D-frame structure in which loads may be applied in any plane, 

it is the most general type. 

• A PLANE structure is bound by any two axes with loads acting on the same plane. 

• A TRUSS structure is a structure having various truss members with axial loading but no     

bending. 

• A FLOOR structure is a 2D or 3D structure with no horizontal movement of the structure. 

Columns are also to be modelled with the floor in a FLOOR structure as long as the structure has 

no horizontal loading. In case there is a horizontal load, it should be analyzed as a SPACE 

structure. 

 

2.3 CASE STUDY : 

 

 Shibanee and Kamal Architects :   

Uses STAAD Pro to Analyze Unconventional Curved-wall Design Bentley Software Helps  

Overcome Design Challenges of Innovative BHAU Institute conceived a circular space built-up 

around the tree and spreading over a ground floor plus two floors for classrooms, incubation rooms, 
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auditorium, conference facilities, and faculty rooms. The complexity of the BIEL building, which 

covered a built-up plan area of 2,128 square meters, demanded highly accurate modeling. 

 

 B. Suresh & P.M.B Raj Kiran Nanduri : 

 

This research paper focusses on the comparison between earthquake resistant analysis and design 

vs the non-earthquake resistant analysis and design using STAAD pro. This paper shows that the 

concrete and reinforcement requirement for both structures is similar and that there is no higher 

cost involved in building a structure with seismic loading. 

 

 Azidah Ziden, Fatariah Zakaria & Ahmad Nizam Othman : 

 

This study shows how AutoCAD can be an effective tool in increasing the performance of students 

of various levels. It helps in proper visualization of the project to be undertaken and thus help 

students in learning Engineering  Design better. The study also shows how AutoCAD increases 

the efficiency of the student/designer. 

 

 Mr K. Prabin Kumar :  

 

A Study on Design of Multi – Storey  Residential Building. They used STADD Pro. to analysis 

and designing all structure member and calculate quantity of reinforcement needed for concrete 

section. Various structure action is considered as members such as axial, flexure, shear and tension. 

Pillar are delineated for axial forces and biaxial ends at the ends. The building was planned as per 

IS: 456-2000. 

 

 Mr.Ibrahim :  

 

Design and Analysis of Residential Building(G+2) After analyzing the G+2 story residential 

building structure, conducted that the structure is rate in loading like dead load, live load, wind 

load and seismic loads. Member dimensions (Beam, column, slab) are assigned by calculating the 

load type and its quantity applied on it. Auto CAD gives detailed information at the structure 
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members length, height, depth, size and numbers, etc. STADD Pro. has a capability to calculate 

the program contains number of parameters which are designed as per IS 456: 2000. Beams were 

designed for flexure, shear and tension and it gives the detail number, position and spacing brief. 

 

 Sreeshna K.S : 

 

This paper deals with structural analysis and design of B+G+4 storied apartment building. The 

work was completed in three stages. The first stage was modelling and analysis of building and 

the second stage was to design the structural elements and the final was to detail the structural 

elements. In this project STAAD Pro software is used for analyzing the building. The IS:875 (Part 

1) and (Part 2) were referred for dead load and live load. Design of structural elements like beam, 

column, slab, staircase, shear wall, retaining wall, pile foundation is done according to IS Codes. 

 

 Borugadda Raju : 

 

It has been designed and analyzed G+30 multi-storey building adopting STAAD Pro in limit state 

methodology. STAAD Pro contains an easy interface that permits the users to produce the mount 

and the load values and dimensions are inputted. The members are designed with reinforcement 

details for RCC frames. The analysis is completed for two dimensional frames and then it is done 

for more multi - storeyed 2-D and 3-D frames under various load combinations. 

 

 K. Rama Raju : 

 

It has explained that the building becomes taller, the quantity of structural material needed to 

withstand the oblique loads rises extremely. Tall buildings design involves conceptual design, 

preliminary design and lateral loads. Criteria for design are strength and serviceability. Protection 

of International Journal of Pure and Applied Mathematics Special Issue 2799the structure is 

examined against permissible limits, roof displacements, etc. 
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ABSTRACT 

 
In general, agriculture is the backbone of India and also plays an important role in 

Indian economy by providing a certain percentage of domestic product to ensure the 

food security. But now-a-days, food production and prediction is getting depleted 

due to unnatural climatic changes, which will adversely affect the economy of 

farmers by getting a poor yield and also help the farmers to remain less familiar in 

forecasting the future crops. This research work helps the beginner farmer in such a 

way to guide them for sowing the reasonable crops by deploying machine learning, 

one of the advanced technologies in crop prediction. Random Forest, a supervised 

learning algorithm puts forth in the way to achieve it. The seed data of the crops are 

collected here, with the appropriate parameters like temperature, humidity and 

moisture content, which helps the crops to achieve a successful growth. To predict 

crop manager need to enter the input parameters to the proposed system to get the 

result during unfavourable condition occur. 
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CHAPTER 1 

INTRODUCTION 

Crop production may be a complicated development that's influenced by soil and 

environmental condition input parameters. Agriculture input parameters vary from field to field 

and farmer to farmer. Collection such info on a bigger space may be a discouraging task. However, 

the environmental condition info collected in Republic of India at each 1sq.m space in numerous 

components of the district is tabulated by Indian meteoric Department. The massive such 

knowledge sets may be used for predicting their influence on major crops of that individual district 

or place. There are completely different foretelling methodologies developed and evaluated by the 

researchers everywhere the globe within the field of agriculture or associated sciences. A number 

of such studies are: Agricultural researchers in alternative countries have shown that tries of crop 

yield maximization through pro-pesticide state policies have LED to hazardously high chemical 

usage. 

These studies have reported a correlation between chemical usage and crop yield. 

Agriculture is associate trade sector that's benefiting powerfully from the event of detector 

technology, knowledge science, and machine learning (ML) techniques within the latest years. 

These developments return to satisfy environmental and population pressures round-faced by our 

society, wherever reports indicate a requirement for robust international agriculture yield increase 

to produce food for a growing population on a hotter planet. Most of the work tired the sector of 

yield foretelling via cubic centimeter makes use of some kind of remote sensing knowledge over 

the farm. Agriculture seeks to extend and improve the crop yield and therefore the quality of the 

crops to sustain human life. However, within the current time, folks tend to require a lot of like a 

shot appreciated jobs. 

There are fewer, and fewer folks concerned in crop cultivation. additionally, the continual 

increase of human population makes the cultivation of the crops at the proper time and right place 

even a lot of vital, because the climate is dynamic and therefore the shifts from traditional weather 

pattern are a lot of frequent than before manufacture. Food insecurity may be a drawback that can't 

be avoided, and humans should build use of latest innovative technologies to create use of existing 

soil, water and air conditions to get larger crops. 
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The information gap between ancient ways that of cultivating and new agricultural 

technologies may be overcome if the computer code may be designed to model the interactive 

impact of climate factors, particularly the impact of maximum events (e.g., heat, rainfalls and 

excess water) occurring at completely different growing phases of crops. The temperature change 

undoubtedly affects the native and world food production, therefore planning computer code to 

model crop predictions needs new methodology for temperature change studies, situations for 

temperature change adaptation, and policymakers which will limit the devastating effects of 

weather on food provide. Experimental proof is employed to form environmental condition zones 

that have seen changes in weather and water, the 2 most significant factors in guaranteeing a in 

crop. 

The soil sort will modification over time because of weather and pests, therefore crop 

management must manage a fancy quantity of information, directly or indirectly associated with 

one another. It will therefore by considering a simplified reality, to permit a quick assessment of 

the impact of temperature change in agriculture. Agriculture should adapt to those climate changes, 

and it will do therefore by developing models which will in theory optimize management practices, 

maximize the rotations of the new crop to manage the changes of soil, novel breeding programs. 

By maximizing the worth of foretelling, the seasonal climate changes may be ascertained and 

recorded in an exceedingly timely manner. Later on, by victimization computer code supported 

machine learning, one will timely assess the temperature change impact and check attainable 

situations that incorporate ascertained changes in climatic conditions and water distribution. 

1.1 MACHINE LEARNING: 

Machine learning is a data analytics technique which teaches the computers to do what 

comes naturally to humans and animals: learning from the experience. Machine learning 

algorithms use computational methods to “learn” information directly from data without relying 

on a predetermined equation as a model. The algorithms goes on adaptively improving the 

performance as the number of samples available for learning increases. Deep learning is a 

specialized form of the machine learning. The machine learning methods have thrived in the 

applications of language and text modeling in recent years, which can potentially counter the 

challenges in processing and classifying the tweets. 
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In most of the studies, language modeling can be taken as a kind of information extraction 

from the text messages, which is the process of converting the unstructured text information into 

a structured database and solving it as a supervised or unsupervised learning task. 

With the rise in big data, machine learning has become a key technique for solving 

problems in areas, such as: 

 Computational finance, credit scoring and algorithmic trading

 Image processing and computer vision, face recognition, motion detection, and object 

detection

 Computational biology, for tumor detection, drug discovery, and DNA sequencing

 Energy production, price and load forecasting

 Automotive, aerospace, manufacturing, predictive maintenance

 Natural language processing, for the voice recognition applications

 

1.2 WORKING: 

Machine learning uses two types of techniques such as supervised learning, which trains a 

model on the known input and output data so that it can predict the future outputs, 

and unsupervised learning, which finds hidden patterns or intrinsic structures in the input data. 

 

CLASSIFICATION TECHNIQUES 

 
 Classification techniques predict the discrete responses for example, whether an email is 

genuine or spam, or whether a tumor is cancerous or benign. Classification models classify 

input data into different categories. Typically, applications of classification include 

medical imaging, speech recognition, and credit scoring.

 Use classification if the data can be tagged, categorized, or separated into specific groups 

or classes. For example, applications for hand-writing recognition use the classification to 

recognize the letters and numbers.

 In the image processing and computer   vision,   the   unsupervised   pattern 

recognition techniques are used to detect the objects and image segmentation.
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 Common algorithms for performing classification include support vector machine 

(RANDOM FOREST), boosted and bagged decision trees, k-nearest neighbor, Naïve 

Bayes, discriminant analysis, logistic regression, and neural networks.

 

 

Figure 1.2: Classification techniques 

SUPERVISED LEARNING: 

Supervised machine learning builds a model which makes the predictions based on the 

evidence in the presence of uncertainty. A supervised learning algorithm takes a known set of the 

input data and the known responses to the data (output) and trains a model to generate reasonable 

predictions for the response to the new data. Use supervised learning if the data is known data for 

the output that we try to predict. Supervised learning uses classification and the regression 

techniques to develop predictive models. 

 
UNSUPERVISED LEARNING: 

Unsupervised learning finds the hidden patterns or intrinsic structures in the given data. It 

is used to draw the inferences from datasets consisting of the input data without the labelled 

responses. 

 

 

 

REGRESSION TECHNIQUES 



AGRICULTURAL CROP PREDICTION USING MACHINE LEARNING. 

DEPT. OF CSE., GPCET Page 12 

 

 

 Regression techniques are used to predict the continuous responses from the data, for 

example, changes in temperature or fluctuations in power demand. Typical applications for 

this include electricity load forecasting and algorithmic trading.

 
 Regression techniques are used when working with a data range or if the nature of the 

response is a real number, such as temperature or the time until failure for a piece of the 

equipment.

 
 Common regression algorithms for   these   include the   linear   model, nonlinear 

model, regularization, step-wise regression, boosted and bagged decision trees, neural 

networks, and adaptive neuro-fuzzy learning.

CLUSTERING 

Clustering is one of the most common unsupervised learning techniques. It is used for 

exploratory data analysis to find the hidden patterns or groupings in data. Applications for the 

cluster analysis includes the gene sequence analysis, market research, and the object recognition. 

For example, if a cell phone company may want to optimize the locations where they build cell 

phone towers, they can use machine learning to estimate the number of clusters of people relying 

on their towers in a particular area. 

A phone can only talk to one tower at a given time, so the team uses these clustering 

algorithms to design the best placement of cell towers to optimize the signal reception for groups, 

or clusters, of their customers. Common algorithms used to perform the clustering include the k- 

means and k-medoids, hierarchical clustering, Gaussian mixture models, hidden Markov 

models, self-organizing maps, fuzzy c-means clustering, and subtractive clustering. 

 

USES OF CLUSTERING 

There are unlimited reasons to cluster data. The main reason is that it allows us to build 

simpler, more understandable models of the world which can be acted upon easily. People 

naturally cluster objects for this reason all the time. Clustering algorithms automate this process 

and allow us to exploit the power of computer technology. A secondary use for clustering is for 

dimensionality reduction or data compression. 

For example, we are able to identify objects as a chair even if they look quite different and 

this allows us to ignore the specific characteristics of a chair if they are irrelevant. Clustering can 
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be employed by a search engine so that the documents retrieved from the search term jaguar cluster 

the documents related to the jaguar animal separately from those related to the Jaguar automobile. 

The clustering algorithm can work effectively in this case because one set of returned documents 

will repeatedly have the term car, automobile or S-type in it while the other one may have the 

terms jungle or animal appear repeatedly. 

Clustering can also aid with data compression by replacing complex objects with an index 

into a table of the object closest to the center of that objects cluster. There are many specific 

applications of clustering and only a few are listed here. Clustering can be used to automatically 

segment customers into meaningful groups so that more effective, customized, marketing plans 

can be developed for each group. In document retrieval tasks the returned documents may be 

clustered and presented to the users grouped by these clusters in order to present the documents in 

a more organized and meaningful way. 

 

CATEGORIES OF CLUSTERING ALGORITHMS 

Clustering algorithms can be organized by the basic approach that they employ. These 

approaches are also related to the type of clustering that the algorithm produces. The two main 

types of clustering algorithms are hierarchical and non-hierarchical. A hierarchical clustering has 

multiple levels while a non-hierarchical clustering has only a single level. An example of a 

hierarchical clustering is taxonomy used by biologists to classify living organisms. 

 

 
Figure 2: Clustering patterns 

The non-hierarchical clustering algorithms will take the presented objects and place each 

into one of k clusters, where each cluster must have at least one object. Most of these algorithms 
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require the user to specify the value of k or m value, which is often a liability, since the user will 

generally not know ahead of time the optimal number of meaningful clusters. The framework used 

by many of these algorithms is to form an initial random clustering of the objects and then 

repeatedly move objects between clusters to improve the overall quality of the clusters. One of the 

oldest and most notable of these methods is the K-means clustering algorithm. 

This algorithm randomly assigns each object to one of the k clusters and then computes the 

average of the points in the cluster. Then each object is reassigned to the cluster based on this 

centroid value it is closest to and then the centroids of each cluster are recomputed. This cycle 

continues until no further changes are made. This very simple method sometimes works well. 

Another way to generate non-hierarchical clustering is through density-based clustering methods, 

such as DBSCAN, which find regions of high density which is separated from regions of low 

density. One advantage of DBSCAN is that because it’s sensitive to the density differences it can 

form clusters with arbitrary shapes. 

Hierarchical clustering algorithms are the next type of clustering algorithms. These 

algorithms can be divided into agglomerative and divisive algorithms. The agglomerative 

algorithms start with each object as an individual cluster and then at each iteration merge the most 

similar pair of clusters. The divisive algorithms take the opposite approach and start with all objects 

in a single partition and then iteratively split one cluster into two. The agglomerative techniques 

are by far the more popular method used. These methods are appropriate when the user prefers a 

hierarchical clustering of the objects. There is no best method or one size fits all. Also algorithm 

selection depends on the size and type of data you’re working with, the insights you want to get 

from the data, and how those insights will be used. Finding the right algorithm is partly just trial 

and error-even highly experienced data scientists can’t tell whether an algorithm will work without 

trying it out. 

Guidelines on choosing between supervised and unsupervised machine learning: 

 
 Choose supervised learning if there is a need to train a model to make a prediction--for 

example, the future value of a continuous variable, such as temperature or a stock price, or 

a classification—for example, identify makes of cars from webcam video footage.
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 Choose unsupervised learning if there is a need to explore your data and want to train the 

model to find a good internal representation, such as splitting data up into clusters.

 

 
 

Figure 3: Classification of Machine learning. 

 
 

1.3 PROCESS OF MACHINE LEARNING 

Putting all of the above observations together, we can now outline the typical process used 

in Machine Learning. This process is designed to maximize the chances of learning success and to 

effectively measure the error of the algorithm. 

TRAINING: 

A subset of real data is provided to training model. The data includes a sufficient number of 

positive and negative examples to allow any potential algorithm to learn. The data scientist, 

experiments with a number of algorithms before deciding on those which best fit the training data. 

VALIDATION: 

A further subset of real data is provided by the data scientist with similar properties to the 

training data. This is called the validation set. The data scientist will run the chosen algorithms on 

the validation set and measure the error. The algorithm that produces the least error is considered 
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to be the best. It is possible that even the best algorithm can overfit or underfit the data, producing 

a level of error which is unacceptable. 

 

TESTING: 

It will be important to measure the mean square error of any learning algorithm that is 

considered implementable. The validation set should not be used to calculate this error as we have 

already used the validation set to choose the algorithm so that it has minimal error. Therefore, the 

validation set has now effectively become a part of the training set. To obtain an accurate and 

reliable measure of error, a third set of data should be used, known as the test set. The algorithm 

is run on the test set and the error is calculated. 

 

DATA MINING 

Data mining is a process that takes data as input and outputs knowledge. it is defined as the 

procedure of extracting information from huge sets of data. In other words, we can say that data 

mining is mining knowledge or insides from data. Data pre-processing is a proven method of 

resolving such issues. Data processing prepares raw data for further processing. This step consists 

of feature selection, data cleaning and data transformation. Data gathered from different sources 

was consolidated, mapped and scrutinized. Some of the data that is not useful to the data mining 

exercise was ignored. Data cleaning is a process used to determine incomplete, inaccurate or 

unreasonable data and then improve the quality through correcting of detected errors and 

omissions. Generally, data cleaning reduces errors and improves the overall data quality. Some 

entries were clearly invalid, caused by either human error or the evolution of the problem reporting 

system. 

Those errors that were correctable were corrected. If all errors detected for a report were 

not corrected, that report was discarded from study. Data transformation converts a set of data 

values from the original data format of a source data system into the data format of a destination 

data system. In this process, few attributed were transformed into required formats for example, 

the feature “Hour” was converted into 24-hour format. Also, the attribute values were hard-coded 

for better representation in the training dataset. A formal presentation of the rule and parameters 

of confidence, support and lift which quantify a rule is as follow. The general form of the rule is 

as follows: “IF event X occurs THEN event Y occurs as well, in M% of times, and this pattern 

occurs in N% of all events in the dataset”. Association rules defines correlation among a set of 
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items, the relationship is defined in terms of the frequency of co-occurrence or similarity or 

appearance of the items together in each transaction process. 

In Association rule mining various rules were created in the form X=>Y, X is termed as 

antecedent whereas Y is called as consequent. Each of such formed rules shows the probability of 

occurrence of Y Wherein X has already occurred depending on the support and confidence values. 

If each data record describes one phone call but the goal is to predict whether a phone number 

belongs to a business or residential customer based on its calling patterns, then all records 

associated with each phone number must be aggregated, which will entail creating attributes 

corresponding to the average number of calls per day, average call duration, etc. While data 

preparation does not get much attention in the research community or the data mining community 

in general, it is critical to the success of any data mining project because without high quality data 

it is often impossible to learn much from the data. 

The relevant data must be selected from a potentially large and diverse set of data, any 

necessary preprocessing must then be performed, and finally the data must be transformed into a 

representation suitable for the data mining algorithm that is applied in the data mining step. As an 

example, the preprocessing step might involve computing the day of week from a date field, 

assuming that the domain experts thought that having the day of week information would be useful. 

Furthermore, although most research on data mining pertains to the data mining algorithms, 

it is commonly acknowledged that the choice of a specific data mining algorithms is generally less 

important than doing a good job in data preparation. In practice it is common for the data 

preparations steps to take more time and effort than the actual data mining step. Thus, anyone 

undertaking a data mining project should ensure that sufficient time and effort is allocated to the 

data preparation steps. The fourth step in the data mining process is the data mining step. This step 

involves applying specialized computer algorithms to identify patterns in the data. Many of the 

most common data mining algorithms, including decision tree algorithms and neural network 

algorithms, are described. At least for predictive tasks, which are probably the most common type 

of data mining task, these patterns collectively can be viewed as a model. Finally, the results of 

data mining cannot simply be accepted, but must be carefully tried and tested as well as evaluated 

and interpreted. As a simple example, in the case of the direct-mail example just described, we 

could evaluate the decision tree based on its accuracy or the percentage of its predictions that are 

correct. 
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However, many other evaluation or performance metrics are possible and for this specific 

example return on investment might actually be a better metric. The data mining process is an 

continuous process. After the initial run of the process is complete, the user will evaluate the results 

and decide whether further work is necessary or if the results are adequate. Normally, the initial 

results are either not acceptable or there is an expectation that further improvements are possible, 

so the process is repeated after some adjustments are made. These adjustments can be made at any 

stage of the process. Additional fields may be generated from existing information or obtained, 

manual cleaning of the data may be performed, or new data mining algorithms may be selected. 

At some point the results may become acceptable and the mined knowledge then will be 

communicated and may be acted upon. 

 

Figure 4: Data mining process image 

 
OVERVIEW OF DATAMINING TASKS 

 
The best way to gain an understanding of data mining is to understand the types of tasks, 

or problems, that it can address using given dataset. At a high level, most data mining tasks can be 

categorized as either having to do with prediction or description. Predictive tasks allow one to 

predict the value of a variable based on other existing information. 

Examples of predictive tasks include predicting when a customer will leave a company, 

identifying the best customers to receive direct marketing offers and predicting whether a 

transaction is fraudulent or not. Descriptive tasks, on the other hand, summarize the data in some 
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manner. Examples of such tasks include automatically segmenting customers based on their level 

of similarities and differences and finding associations between products in market basket data. 

1.4 CLASSIFICATION AND REGRESSION 

 
Classification and regression tasks are predictive tasks that involve building a model to 

predict a target, or dependent, variable from a set of explanatory, or independent, variables. For 

classification tasks the target variable usually has a small number of discrete values whereas for 

regression tasks the target variable is continuous. Identifying fraudulent credit card transactions is 

a classification task while stock price prediction is a regression task. 

 

1.4.1 LOGISTIC REGRESSION 

 
Logistic regression is the regression analysis and dependent upon the variables is binary 

numbers i.e. 0’s and 1’s. All regression analysis, the logistic regression is a prediction analysis. 

Logistic regression is used to details about data and to graphically explain the relationship between 

dependent binary variable and more nominal, ordinal, interval independent variables. Sometimes 

logistic regressions are difficult to describe the statistics tools are easily conduct and analysis the 

datasets, then in others plain word are as it is display in the output. 

 

1.4.2 ASSOCIATION RULE ANALYSIS 

Association rule analysis is a descriptive data mining task that involves associations or 

discovering patterns, between elements in a data set. The associations are represented in the form 

of rules or implications. 

The most common association rule task is market basket analysis. In this case each data 

record corresponds to a transaction and lists the items that have been purchased as part of the 

transaction. It should be noted that although this is a descriptive task, highly accurate association 

rules can be used for predicting results. 

 

 

 

1.4.3 CLUSTER ANALYSIS 

Cluster analysis is a descriptive data mining task where the goal is to group similar objects 

in the same cluster and dissimilar objects in different clusters i.e cluster formation. Applications 
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of clustering include clustering customers for the purpose of market segmentation and grouping 

similar documents together in response to a search engine request. 

 

1.4.4 TERMINOLOGY AND BACKGROUND 

 
Most prediction tasks assume that the underlying data is represented as a collection of 

objects or records, which, in data mining, are often referred to as instances or examples. Each 

example is made up of a number of variables, commonly referred to as features or attributes. The 

feature to be predicted is of special interest and may be referred to as the target, or, for classification 

tasks called as class. 

 

1.5 PREDICTIVE DATA MINING ALGORITHMS 

 
We briefly describe some of the most common data mining algorithms. Because the 

purpose of this chapter is to provide a general description of data mining, its capabilities, and how 

it can be used to solve real-world problems, many of the technical details concerning the algorithms 

are omitted. A basic knowledge of the major data mining algorithms, however, is essential in order 

to know when each algorithm is relevant, the advantages and disadvantages of each algorithm are, 

and how these algorithms can be used to solve real-world problems. 

 

1.6 DECISION TREES 

Decision tree algorithms are a very popular class of learning algorithms for classification 

tasks. A sample decision tree, generated from the automobile loan data. The internal nodes of the 

decision tree each represent a feature while the terminal nodes are labeled with a class value. Each 

branch is labeled with a feature value, and, when presented with an example, one follows the 

branches that match the attribute values for the example, until a leaf node is reached. The class 

value assigned to the leaf node is then used as the predicted value for the example. In this simple 

example the decision tree will predict that a customer will default on their automobile loan if their 

credit rating is “poor” or it is not “poor” but the person is “middle aged” and their income level is 

“low”. 

Thus, while a decision tree classifier could easily classify the data set represented in Figure 

below, it could not easily classify the data set represented in Figure 3b, assuming that the true 

decision boundary corresponds to the line y=x. 
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A decision tree could approximate that decision boundary if it were permitted to grow very 

large and complex, but could never learn it perfectly. Decision tree algorithms are very popular. 

The main reason for this is that the induced decision tree model is easy to understand. Additional 

benefits include the fact that the decision tree model can be generated quickly and new examples 

can be classified quickly using the induced model. The primary disadvantage of a decision tree 

algorithm is that it has limited expressive power, namely because only one attribute can be 

considered at a time. 

 

1.7 RULE-BASED CLASSIFIERS 

 
Rule-based classifiers generate classification rules, such as rule set. The way in which 

classifications are made from a rule set varies. For some rule-based systems the first rule to fire 

determines the classification, whereas in other cases all rules are evaluated and the final 

classification is made based on a voting scheme. The connection between these two classification 

methods is even more direct since any decision tree can trivially be converted into a set of mutually 

exclusive rules, by creating one rule corresponding to the path from the root of the tree to each 

leaf. Rule-based classifiers are very similar to decision-tree learners and have similar expressive 

power, computation time, and comprehensibility. While some rule-based learners such as C4.5 

Rules operate this way, other rule learners, such as RIPPER, generate rules directly. 

 

1.8 ARTIFICIAL NEURAL NETWORKS 

Artificial Neural Networks (ANNs) were originally inspired by attempts to simulate some 

of the functions of the brain and can be used for both classification as well as regression tasks. An 

ANN is composed of an interconnected set of nodes that includes an input layer, zero or more 

hidden layers, and an output layer. The links between nodes have weights associated with them. 

The ANN accepts three inputs, I1, I2, and I3 and generates a single output O1. The ANN computes 

the output value from the input values as follows. First, the input values are taken from the 

attributes of the training example, as it is inputted to the ANN. 

These values are then weighted and fed into the next set of nodes, which in this example 

areH1 and H2. A non-linear activation function is then applied to this weighted sum and then the 

resulting value is passed to the next layer, where this process is repeated, until the final values are 

outputted. 
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The ANN learns by incrementally modifying its weights so that, during the training phase, 

the predicted output value moves closer to the observed value. Due to the nature of ANN learning, 

the entire training set is applied repeatedly, where each application is referred to as an epoch. The 

most popular algorithm for modifying the weights is the back-propagation algorithm 

ANNs can naturally handle regression tasks, since numerical values are passed through the 

nodes and are ultimately passed through to the output layer. However, ANNs can also handle 

classification tasks by thresholding on the output values. ANNs have a great deal of expressive 

power and are not subject to the same limitations as decision trees. In fact, most ANNs are 

universal approximators in that they can approximate any continuous function to any degree of 

accuracy. 

 

 
Figure 5: A Typical Artificial Neural Network 

However, this power comes at a cost. While the induced ANN can be used to quickly 

predict the values for unlabeled examples, training the model takes much more time than training 

a decision tree or rule-based learner and, perhaps most significantly, the ANN model is virtually 

incomprehensible and therefore cannot be used to explain or justify its predictions. 

 

1.9 NEAREST-NEIGHBOR 

Nearest-neighbor learners are very different from any of the learning methods just 

described in that no explicit model is ever built. That is, there is no training phase and instead all 

of the work associated with making the prediction is done at the time an example is presented. 
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Nearest-neighbor algorithms are typically used for classification tasks, although they can 

also be used for regression tasks. These algorithms also have a great deal of expressive power. 

Nearest-neighbor algorithms generate no explicit model and hence have no training time. Instead, 

all of the computation is performed at testing time and this process may be relatively slow since 

all training examples may need to be examined. It is difficult to evaluate the comprehensibility of 

the model since none is produced. 

The nearest-neighbor method first determines the k most similar examples in the training 

data and then determines the prediction based on the class values associated with these k examples, 

where k is a user specified parameter. The simplest scheme is to predict the class value that occurs 

most frequently in the k examples, while more sophisticated schemes might use weighted voting, 

where those examples most similar to the example to be classified are more heavily weighted. 

People naturally use this type of technique in everyday life. For example, realtors typically base 

the sales price of a new home on the sales price of similar homes that were recently sold in the 

area. Nearest-neighbor learning is sometimes referred to as instance-based learning. We can say 

that because no model is produced, one cannot gain any global insight into the domain. However, 

individual predictions can easily be explained and justified in a very natural way, by referring to 

the nearest-neighbors. We thus say that this method does not produce a comprehensible model but 

its predictions are explainable. 

1.10 NAÏVE BAYESIAN CLASSIFIERS 

Most classification tasks are not completely deterministic. That is, even with complete 

knowledge about an example you may not be able to correctly classify it. Rather, the relationship 

between an example and the class it belongs to is often probabilistic in nature. Naïve Bayesian 

classifiers are probabilistic classifiers that allow us to exploit statistical properties of the data in 

order to predict the most likely class for an example. 

These methods are quite powerful, can express complex concepts, and are fast to generate 

and to classify new examples. However, these methods do not build an explicit model that can 

then be interpreted. More specifically, these methods use the training data and the prior 

probabilities associated with each class and with each attribute value and then utilize Bayes’ 

theorem to determine the most likely class given a set of observed attribute values. This method is 

naïve in that it assumes that the values for each attribute are independent. The naïve Bayes method 

is used for classification tasks. 
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1.11 ENSEMBLE METHODS 

Ensemble methods are general methods for improving the performance of predictive data 

mining algorithms. The most notable ensemble methods are bagging and boosting, which permit 

multiple models to be combined. With bagging the training data are repeatedly randomly sampled 

with replacement, so that each of the resulting training sets has the same number of examples as 

the original training data but is composed of different training examples. 

A classifier is induced from each of the generated training sets and then each unlabeled test 

example is assigned the classification most frequently predicted by these classifiers. Boosting is 

somewhat similar to bagging and also generates multiple classifiers, but boosting adaptively 

changes the distribution of training examples such that the training examples that are misclassified 

are better represented in the next iteration. Thus, boosting focuses more attention on the examples 

that are difficult to classify. 

As with bagging, unlabeled examples are classified based on the predictions of all of the 

generated classifiers. Most data mining packages now implement a variety of ensemble methods, 

including boosting and bagging. Most of these packages also permit different models to be 

combined so that, in theory, one can get the best aspects of each. 

 

TEXT CLASSIFICATION: 

This is one of the important and typical task in supervised machine learning (ML). 

Assigning categories to documents, which can be a web page, library book, media articles, gallery 

etc. has many applications like e.g. spam filtering, email routing, sentiment analysis etc. Text 

classification is a smart classification of text into categories. 

 

 Supervised Text Classification

 Unsupervised Text Classification

 
TF: While counting the number of words in each document, This will give more weightage to 

longer documents than shorter documents. To avoid this, we use frequency TF - Term Frequencies, 

in each document. 

TF-IDF: we can even reduce the weightage of more common words like (the, is, an etc.) which 

occurs in all document. This is called as TF-IDF i.e Term Frequency times inverse document 

frequency. 
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CHAPTER 2 

LITERATURE REVIEW 

Nowadays many experts are applying automated farming. Since Decision Tree is an well- 

known algorithm it was used for prediction which is a supervised learning algorithm and multiple 

linear regression which is generalized prediction model. An attempt has been made to research the 

influence made by decision tree induction technique of climatic parameters on soybean 

productivity. For easy understanding of end-user different kind of rules were created from the 

Decision tree. The paper from Md. Tahmid Shakoor & co paper helped us for selecting various 

attributes like land capability classification, soil depth, slope, drainage, texture, erosion, and 

permeability. Two supervised classification machine learning algorithms has been implemented in 

this study. Our system takes the necessary weather and soil properties data for a given coordinate 

automatically from an appropriate source. 

Another advantage is that their system worked on large regions, and provides forecasts at 

a resolution compatible with best input data resolution, which in the case is originally from the soil 

data. The ability of forecasting crop before the beginning of the crop season. This provides users 

with the capability to perform strategy changes, like choosing a more robust genetic variation 

before planting or even changing the crop type, in order to accommodate for extreme climatic 

variations further ahead in the crop cycle. The algorithm developed introduces a data-driven model 

to predict and forecast crop yield using joint dependencies of soil and climate features. Although 

there are several techniques existing to obtain rainfall predictions, the algorithm discussed in this 

paper succeeded in emphasizing on Rainfall along with the crop yield prediction. 

This designed model took into account the most relevant environment as well as soil 

parameters that affect the crop growth, in a way that each of those parameters received equal 

weight in the final prediction. The outcomes of this research can benefit the agriculturists/farmers 

by knowing the investment capital on the crop to be sown, even before the sowing season begins. 

The predictive pattern of the algorithm can benefit local self-government and financial institutions 

to allocate suitable funds or fiscal loans to farmers. Naive Bayes is used for the large dataset can 

also be beneficial. Use of naïve Bayes and decision tree makes the model very efficient in terms 

of computation. 

The system is scalable as it can be used to test on different crops. From the yield graphs, 

the best time of sowing, plant growth and harvesting of the plant can be found out. Also, the 
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optimal and worst environmental condition can also be incurred. The model focuses on all type of 

farms, and smaller farmers can also be benefitted. This model can be further enhanced to find the 

yield of every crop, and for pesticide recommendation. Also, it can be modified to suggest about 

the fertilizers and irrigation need for crops. 

 A Scalable Machine Learning System for Pre-Season Agriculture Yield Forecast:

The system projected during this work is created by a neural network wherever 

inputs area unit treated on an individual basis. Static soil information in handled by fully- 

connected layers whereas dynamic meteorological information is handled by continual 

LSTM layers. This explicit design was trained with historical information for many soil 

properties, precipitation, minimum and most temperature against historical yield labels at 

county level. When training, the model was tested in an exceedingly separate information 

set and showed comparable results with existing yield prognostication ways that create use 

of in-depth remote sensing data. the most important lesson learnt from our experiments is 

that it's attainable get ascendable yield forecast as a result of the projected neural network 

model will notice and exploit redundant info each within the soil and within the weather 

information. To boot, the model might be able to learn AN implicit illustration of the cycles 

of the crops evaluated during this paper, considering the seasonal atmospherically 

information used as input. 

 Machine learning approach for forecasting crop yield based on climatic parameters

The present study provides the potential use of information mining techniques in 

predicting the crop yield supported the environmental condition input parameters. The 

developed webpage is user friendly and therefore the accuracy of predictions square 

measure higher than seventy-five per cent all told the crops and districts designated within 

the study indicating higher accuracy of prediction. The user-friendly web content 

developed for predicting crop yield may be utilized by any user their alternative of crop by 

providing environmental condition knowledge of that place. 

 

 

 Crop Prediction on the Region Belts of India: A Naïve Bayes MapReduce Precision 

Agricultural Model
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The planned work introduces efficient degree economical crop recommendation 

system. Use of naïve mathematician makes the model terribly economical in terms of 

computation. The system is scalable because it may be wont to take a look at on totally 

different crops. From the yield graphs the simplest time of sowing, plant growth and gather 

of plant may be known. Conjointly the best and worst condition may also be incurred. The 

model focuses on all style of farms, and smaller farmers may also be benefitted. This model 

may be more increased to seek out the yield of each crop, and for chemical 

recommendation. Conjointly it may be changed to recommend concerning the fertilizers 

and irrigation want of crops. 

 Evaluation of Predictive Data Mining Algorithms in Soil Data Classification for Optimized 

Crop Recommendation.

In this study, we've given the analysis potentialities for the classification of soil by 

mistreatment well-known classification algorithms as J48, BF Tree, and OneR and Naïve 

Bayes; in data processing. The experiment was conducted on information instances from 

Kasur district, Pakistan. We have ascertained the comparative analysis of those algorithms 

have the various level of accuracy to determine the effectiveness and potency of 

predictions. However, the advantages of the higher understanding of soils classes will 

improve the productivity in farming, reduce dependence on fertilizers and build higher 

prognostic rules for the advice of the rise in yield. In the future, we have a tendency to 

contrive to form a Soil Management. 

 Agricultural Production Output Prediction Using Supervised Machine Learning 

Techniques

Two supervised classification machine learning formula has been enforced during 

this study. the choice Tree Learning- ID3 (Iterative Dichotomiser 3) and KNNR discover 

the patterns within the knowledge set containing average temperature and precipitation 

worth obtained throughout the cropping amount of six major crops in 10 major cities of 

Bangladesh for the past twelve years and provides the prediction. ID3 uses the choice tree 

table that consists of the ranges of the precipitation, temperature and yield knowledge. 

The research provides an answer to the current downside that was much required 

for farmers in People's Republic of Bangladesh. Though the research is restricted to some 

mounted dataset, the long run ahead promises addition of a lot of knowledge which will be 
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analyzed with more machine learning techniques to come up with crop predictions with 

higher exactness. Moreover, the analysis will result in profits and invention of advanced 

farming techniques which will improve our economy and can facilitate United States stand 

out as a technologically advanced country. 

 “Y. Xiaoxia” stated that An prediction algorithm was proposed for soil dampness in view 

of enhanced BP. The expectation calculation in view of BP neural system and molecule 

swarm enhancement (PSO) was presented for foreseeing the time arrangement of soil 

dampness data gained from remote sensor systems. The time arrangement parameters of 

BP were resolved and the weight and edge of BP were enhanced by utilizing particle swarm 

optimization (PSO) calculation. The dirt dampness time arrangement was anticipated by 

BP strategy. Be that as it may, the mean square mistake for BP strategy is high.

 “R.V.Chandrashekar “ The multi-ghastly and FTIR methods were examined for estimation 

of soil dampness. The data of soil tests were gathered by utilizing randomized sampling 

method. Each example was set in fixed polyethylene packs and exchanged for soil 

dampness and soil surface investigation. The dirt surface was broke down by utilizing 

hydrometer strategy.

 “C.Notarnicola”. The dirt dampness was estimated by utilizing gravimetric technique. The 

impact of the reflectance on various dampness conditions was examined by FTIR 

spectroscopy technique. The triangulation technique was additionally connected for fitting 

estimation of soil dampness. Be that as it may, registering power was high and FTIR have 

single bar while other dispersive techniques have two fold pillar.

 “Rakesh Kumar1”,A fluffy rational based strategy for learning procurement is produced 

and utilized for recovery of fleeting cases for a situation based thinking (CBR) framework. 

The strategy is utilized to procure information about what remarkable highlights of 

persistent vector, one of a kind worldly cases demonstrate huge similitude between cases. 

Such information is encoded in a closeness estimating capacity what's more, consequently 

used to recover k closest neighbors (k-nn) from an extensive database. Forecasts for the 

present case are produced using a weighted middle of the results of closely resembling past 

cases (i.e., the k-nn, or the simple outfit).
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 “Ozlem Akar”, stated that Past cases are weighted by their level of closeness to the present 

case. As needs be, a fluffy k-nn based expectation framework, called WIND-1, is 

tried,proposed and executed.

 “M. Z.Younis”, stated that is one of a kind segment is an expertly-tuned fluffy k-nn 

calculation with a fleeting measurement.

 “J. Dong “, said that tried with the issue of creating 6-hour expectations of cloud roof and 

perceivability at an air terminal, given a database of more than 300,000 continuous hourly 

air terminal climate perceptions (36 years of record).

 “A. Balenzano”, stated that forecast precision is estimated with standard meteorological 

insights and contrasted with a benchmark forecast strategy, tirelessness climatology (PC). 

In reasonable reenactments, WIND-1 is altogether more exact. It takes around one moment 

for WIND-1 to create an estimate.



AGRICULTURAL CROP PREDICTION USING MACHINE LEARNING. 

DEPT. OF CSE., GPCET Page 30 

 

 

CHAPTER 3 

PROPOSED METHOD 

In on-line social networks to detect the fake accounts is a major challenge. The people 

using on-line social networks suffer from the various problems, which affects their personal as 

well as business life. The number of fake accounts on a social network is increased. Online social 

network suffers from fake accounts which are created. Fake accounts present fake news, web 

rating, and spam. There are various techniques are available to detect the fake accounts on the on- 

line social networks. Each has their own advantages and purposes. But still, existing methods do 

not have a very high value of f-measure and recall value. This proposed work combines the 

weighted feature set with machine learning techniques to obtain the best results Using the proposed 

technique for detecting the fake accounts on Social media sites will improve the accuracy and 

exactness. 

 

This proposed work uses the techniques like neural networks and support vector machine 

for classification of real and fake accounts. The feature set that influences the detection of fake 

accounts detection of the fake users on Social media sites will be used. This proposed work is 

expected to generate the higher value of f-measure and recall required for detection of fake account 

in Social media. The machine learning techniques are neural network and Support vector machine 

provides the accurate results. Neural network and Support vector machine gives the better results 

in data classification. 

 

Machine learning techniques have been widely used in promoter prediction techniques 

because of its capability to be taught and resolve many real time problems. They can adjust their 

inner configuration without human intervention to produce estimated outcome for the specified 

problem and to find a connection between input and output. Therefore, neural network and support 

vector machine results in higher accuracy for detecting the fake accounts on social media. 
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3.1 PROBLEM STATEMENT: 

An agro-based country depends on agriculture for its economic growth. When a population 

of the country increases dependency on agriculture also increases and subsequent economic 

growth of the country is affected. In this situation, the crop yield rate plays a significant role in the 

economic growth of the country. So, there is a need to increase crop yield rate. Some biological 

approaches (e.g. seed quality of the crop, crop hybridization, strong pesticides) and some chemical 

approaches (e.g. use of fertilizer, urea, potash) are carried out to solve this issue. In addition to 

these approaches, a crop sequencing technique is required to improve the net yield rate of the crop 

over the season. One of existing system we identified is Crop Selection Method (CSM) to achieve 

a net yield rate of crops over the season. 

We have taken example of CSM to demonstrate how it helps farmers in achieving more 

yield Crop can be classified as: 

a) Seasonal crops— crops can be planted during a season. e.g. wheat, cotton. 

b) Whole year crops— crops can be planted during the entire year. e.g. vegetable, paddy, 

Toor. 

c) Short time plantation crops— crops that take a short time for growing. e.g. potato, 

vegetables, ratio. 

d) Long-time plantation crops— These crops take a long time for growing. e.g. sugarcane, 

Onion. 

A combination of these crops can be selected in a sequence based on yield rate per day. 

Illustrates sequences of crops with cumulative yield rate over the season. CSM method, shown in 

may improve the net yield rate of crops using the limited land resource and also increases re- 

usability of the land. Basically, in crop selection method makes use of technique where it 

recommends different set of crops for same area over the years. There are various options are 

available to select for farmers. They can choose one of the options and observe the results. The 

combination which will give high yield for same area is generated as output for that area. In this 

way CSM method tries to predict the suitable crops for given area. Farming Systems in India are 

strategically utilized, according to the locations where they are most suitable. The agricultural 

systems that significantly follows to the agriculture of India are subsistence farming, organic 

farming, industrial farming. Regions all over India differ in types of farming they use; some are 

based on horticulture, ley farming, agroforestry, and many more. 
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The surveyed research papers have given a rough idea about using ML with only one 

attribute. We have the aim of adding more attributes to our system and ameliorate the results, 

which can improve the yields and we can recognize several patterns for predictions. This system 

will be useful to justify which crop can be grown in a particular region 

 

3.2 OBJECTIVES 

 
 To detect the crop area by using season analysis of the crop. 

 
 Building a model to detect the crop prediction for every harvest cycle. 

 
3.3 RESEARCH METHODOLOGY 

In the proposed work we use a hybrid approach to predict the crop for an agricultural area 

using seasonal analysis. We combine Different techniques to produced higher accuracy. 

The methodology consists of following steps. 

 
Dataset Collection: 

The dataset that is used needs to be pre-processed because of the presence of redundant 

attributes, noisy data in it. Initially, data cleaning operation is performed where the redundant 

factors are determined and are not considered for the prediction of crops. Over18 which are either 

having the same values for all the employees or are completely unrelated to the prediction task. As 

part of the exploratory data analysis, the categorical factors are split and are assigned values as 0 

and 1 based on whether the factor is present or not. These assigned values assist in further 

classification based on that particular factor. 

 

Filtration of Dataset: 

 
In the second step with the filter the collected data set for filtration we apply a randomized 

filtration technique. Randomization randomly changes the position of accounts in the dataset. The 

filtration is also used to filter the wrong values filled in the dataset and the wrong value is replaced 

with the average value of its upper and lower column value. Filtration filters the dataset to 

accurately classify the dataset. If dataset does not contain any wrong value or null value then 

classification algorithm correctly classify the dataset. 
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Clustering of Dataset: 

 

After the filtration clustering technique is applied to the data set. K-media clustering 

technique is applied to dataset set which assign the data set to clusters. There are two clusters for 

a data set. Cluster 1 and cluster 2, cluster 1 contains the data of fake accounts and cluster 2 contains 

the data of real accounts. Clustering technique detects the multiple fake accounts at a time which 

increases the accuracy and reduces the time complexity. A cluster of fake accounts is identified by 

using clustering technique. The k-mediod clustering algorithm is better than K-mean clustering 

algorithm because K-mediod is robust to outliers. 

 

Feature Selection: 
 

In this step feature selection technique is applied on the feature set. For feature selection 

principal component analysis is used for feature selection. Principal component analysis calculates 

the eigenvalues and eigenvectors and ordered them from higher to lower. Principal component 

analysis also combines the related features and assigns a value to them. Feature selection technique 

is used to get the higher accuracy with minimum features set. 

Because by using feature selection technique we can eliminate the features having the 

lowest weight zero weight. The ranking assigned to the attributes by principal component analysis 

is given below. 

 

Classification of Dataset: 

 
Classification technique is applied after clustering and feature selection technique. Many 

Algorithms are used for classification of data. These techniques and most successful techniques 

and always give higher accuracy than other algorithms. These are machine learning techniques 

which efficiently work on different kind of data sets. The execution time of RANDOM FOREST 

is less because it takes less time to train the RANDOM FOREST. The RBF kernel function is used 

in RANDOM FOREST. RBF kernel function performs better than polynomial kernel function and 

it is less complex. In our proposed work we use 10 cross-fold validation method for training and 

testing the data. The classification algorithms are evaluated and tested using 10-fold Cross 

Validation approach. 
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DATASET 

PRE-PROCESSING OF THE 

DATA 

TRAINING DATASET 

SPLITTING THE 

DATASET 

MACHINE LEARNING CROP PREDICTION 

Compare the Results: 

 
Two different results are produced by neural network and RANDOM FOREST in existing 

technique and proposed technique. The results of both techniques are compared with existing 

techniques. The parameters used and time taken by existing technique and proposed hybrid 

technique is compared. The results of Neural Network and RANDOM FOREST in proposed 

hybrid technique is also compared and the results with higher accuracy is considered. 

3.4 BLOCK DIAGRAM: 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Figure 3.1: Block diagram 

TESTING DATASET 
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UML DIAGRAMS: 

 

Sequence Diagram: 
 

 

Communication Diagram 
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Use Case Diagram 
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4.1 WORKING: 

CHAPTER 4 

WORKING AND DESIGN 

This system proposes an approach to analyze large data set. Firstly, this proposal gives a 

introduction to application of analysis in the massive data analysis in the field of agronomy. Data 

about weather, irrigation, and yield from several other sources (e.g. meteorological station and 

irrigation-plan records) for past few decades are collected and analyzed to produce an output which 

has the highest productivity of each grains in their respective geographical conditions. 

Simultaneously, the data about weather, soil condition, moisture content, due factor etc. are 

recorded. From these records the random forest model are trained to evaluate the perfect crop for 

the current geographical conditions. 

 
The steps that we have followed for detection of fake profiles are as follows. 

1. First all the features are selected on which the classification algorithm is applied. Proper 

care should be taken while choosing the features such as features should not be 

dependent on other features and those features should be chosen which can increase the 

efficiency of the classification. 

2. After proper selection of attributes, the training dataset is needed for the training 

purpose of the classification algorithm. 

3. After this the dataset of training and test profiles are prepared. From this dataset, 80% 

of Dataset are used to prepare a training dataset and 20% is used to prepare a testing 

dataset. We find the efficiency of the classification algorithm using the training and 

testing datasets. 

4. After preparation of the training and the testing dataset, the training dataset is feed to 

the classification algorithm. It learns from the training algorithm and is expected to 

give correct class levels for the testing dataset. 

5. The levels from the testing dataset are removed and are left for determination by the 

trained classifier. The efficiency of the classifier is calculated by calculating the no. of 

correct prediction divided by total no. of predictions. We have used many 

classifications algorithms and have compared the efficiency of classification of these 

algorithms. 
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4.2 PROPOSED FRAMEWORK: 

The proposed framework in the figure shows the sequence of processes that need to be 

followed for crop prediction with active leaning from the feedback of the result given by the 

classification algorithm. This framework can easily be implemented by the social networking 

companies. 

1. The detection process starts with the selection of the Agricultural area and it’s 

parameters that needs the crop prediction. 

2. After selection of the  Agricultural area, the suitable attributes (i.e., features) are 

selected on which the classification algorithm is implemented. 

3. The attributes extracted is passed to the trained classifier. The classifier gets trained 

regularly as new training data is feed into the classifier. 

4. The classifier determines the crop that is to be implemented in the particular 

Agricultural area. 

5. The classifier may not be 100% accurate in predicting so, the feedback of the result is 

given back to the classifier. 

6. This process repeats and as the time proceeds, the no. of training data increases and the 

classifier becomes more and more accurate in predicting the crop. 

Classification: 

Classification is the process of learning a target function f that maps each record, x 

consisting of set of attributes to one of the predefined class labels, y. A classification technique is 

an approach of building classification models from an input data set. This technique uses a learning 

algorithm to identify a model that best fits the relationship between the attribute set and class label 

of the training set. The model generated by the learning algorithm should both fit the input data 

correctly and correctly predict the class labels of the test set with as high accuracy as possible. 

The classifiers that we have implemented for classifying the profiles are: 

 Gaussian Naive Bayes Classification 

 Decision Tree Classification 

 Random forest Classification 

 SVM Classification 

 Linear Regression Classification 
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All these algorithms are the standard algorithm and is widely used in problems such as 

detecting spam email messages, categorizing cells as malignant or benign based upon the results 

of MRI scans, classifying galaxies based upon their shapes etc. 

NAIVE BAYES CLASSIFICATION: 

In Bayesian classification we have a hypothesis that the given data belongs to a particular 

class. We then calculate the probability for the hypothesis of being true. This is among the most 

practical approaches for certain types of problems. The approach requires only one scan of the 

whole data. Also, if at some stage additional training data is added then each training example can 

incrementally increase or decrease the probability that the hypothesis is correct. 

Before we go further, we define the Bayes theorem as, 
 

 

 
 

DECISION TREE CLASSIFICATION: 

A decision tree is a popular classification method that generates tree structure where each 

node denotes a test on an attribute value and each branch represents an outcome of the test. The 

tree leaves represent the classes. The figure 3.3 shows the decision tree evaluated from our training 

dataset used in the project. It displays the relationships found in the traning dataset. This technique 

is fast unless the training data is very large. It does not make any assumptions about the probability 

distribution of the attributes value. The process of building the tree is called induction. 

Building a decision tree: 

The decision tree algorithm is a top-down greedy algorithm which aims to build a tree that 

has leaves as homogenous as possible. The major step in the algorithm is to continue dividing 

leaves that are not homogeneous into leaves that are as homogeneous as possible until no further 

division is possible. 

The algorithm is described below: 

 If some of the attributes are continuous-valued, they should be discretized into categories. 

 If all instances in training dataset are in the same class, then stop. 

 Split the next node by selecting an attribute from the independent attributes that best 

divides the objects in the node into subsets and create decision tree node. 

 Split the node according to the value of attribute selected in step 3 
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 Stop if any of the following conditions meets, otherwise continue step 3: 

(a) If this partition divides the data into subsets that belong to a single class and no 

more node needs splitting 

(b) If there are no remaining attributes for further division. 

 The major step in the decision tree building algorithm is Step 3, where an attribute that best 

splits the data needs to be selected. 

 The discriminatory power of each attribute is evaluated using following rules: 

 Rules based on Information Gain Measure 

 Rules based on Gini Index 

RANDOM FOREST CLASSIFICATION: 

Random forest, like its name implies, consists of a large number of individual decision 

trees that operate as an ensemble. Each individual tree in the random forest spits out a class 

prediction and the class with the most votes become our model’s prediction. For classification 

tasks, the output of the random forest is the class selected by most trees. For regression tasks, the 

mean or average prediction of the individual trees is returned. 

Random decision forests correct for decision trees' habit of overfitting to their training set. 

Random forests generally outperform decision trees, but their accuracy is lower than gradient 

boosted trees. However, data characteristics can affect their performance. Random forest adds 

additional randomness to the model, while growing the trees. Instead of searching for the most 

important feature while splitting a node, it searches for the best feature among a random subset of 

features. This results in a wide diversity that generally results in a better model. 

SVM CLASSIFICATION: 

Support Vector Regression (SVR) is quite different than other Regression models. It uses 

Support Vector Machine (SVM, a classification algorithm) algorithm to predict a continuous 

variable. While other linear regression models try to minimize the error between the predicted and 

the actual value, Support Vector Regression tries to fit the best line within a predefined or threshold 

error value. What SVR does in this sense, it tries to classify all the prediction lines in two types,  

ones that pass through the error boundary (space separated by two parallel lines) and ones that  

donate. Those lines which do not pass the error boundary are not considered as the difference 

between the predicted value and the actual value has exceeded the error threshold. The lines that 

pass, are considered for a potential support vector to predict the value of an unknown. 
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LINEAR REGRESSION: 

Linear regression is a linear model, e.g. a model that assumes a linear relationship between 

the input variables (x) and the single output variable (y). More specifically, that y can be calculated 

from a linear combination of the input variables (x). When there is a single input variable (x), the 

method is referred to as simple linear regression.   When   there   are multiple   input 

variables, literature from statistics often refers to the method as multiple linear regression. 

Regression models a target prediction value based on independent variables. It is mostly used for 

finding out the relationship between variables and forecasting. Different regression models differ 

based on – the kind of relationship between dependent and independent variables, they are 

considering and the number of independent variables being used. 

Important Hyperparameters: 

The hyperparameters in random forest are either used to increase the predictive power of 

the model or to make the model faster. 

 Increasing the predictive power: 

Firstly, there is the n_estimators hyperparameter, which is just the number of trees 

the algorithm builds before taking the maximum voting or taking the averages of 

predictions. In general, a higher number of trees increases the performance and makes the 

predictions more stable, but it also slows down the computation. Another important 

hyperparameter is max_features, which is the maximum number of features random forest 

considers to split   a   node.   Sklearn   provides   several   options,   all   described   in 

the documentation. The last important hyperparameter is min_sample_leaf. This 

determines the minimum number of leafs required to split an internal node. 

 Increasing the model's speed: 

The n_jobs hyperparameter tells the engine how many processors it is allowed to 

use. If it has a value of one, it can only use one processor. A value of “-1” means that there 

is no limit. The random_state hyperparameter makes the model’s output replicable. The 

model will always produce the same results when it has a definite value of random_state 

and if it has been given the same hyperparameters and the same training data. Lastly, there 

is the oob_score (also called oob sampling), which is a random forest cross-validation 

method. In this sampling, about one-third of the data is not used to train the model and can 

be used to evaluate its performance. These samples are called the out-of-bag samples. 
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It's very similar to the leave-one-out-cross-validation method, but almost no additional 

computational burden goes along with it. 

4.3 OUTPUT PARAMETERS: 

Accuracy: 

Accuracy is the percentage of correctly predicted Crop. It can be measured as the number 

of correct predictions to the total number of crops. It should be highest for the best technique. The 

accuracy of proposed technique is higher than existing technique. The accuracy of existing neural 

networks is 71.11% and RANDOM FOREST is 98.80%. The accuracy of neural networks and 

RANDOM FOREST with hybrid proposed technique is 99.20 and 99.40 respectively. 

Precision: 

It checks how correctly classified the predictions are made. The precision should be high. 

The precision of existing neural networks and RANDOM FOREST is0.7952 and 0.9881 

respectively. The precision of neural networks and RANDOM FOREST in proposed technique is 

0.992 and 0.994 respectively. The graph shows that the precision of proposed technique is higher 

than existing technique. 

Recall: 

Percentage of correct documents that are selected in class from the entire document actually 

belonging to class. Recall should be high. The recall is calculated by using true positive rate and 

false negative rate. 

Root Mean Square Error (RMSE): 

The root mean squared error (RMSE) is the square root of the mean squared error 

between the predictions and observations, 

 

 

Higher the value of RMSE lesser the accuracy of SL methods, Lower the value of RMSE higher 

the accuracy. 
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5.1 CODE: 

CHAPTER 5 

EXPERIMENTAL RESULTS 

#import different python packages for data preprocessing and data evaluation to determine the crop in 

precise accuracy 

 

from  future import print_function 
import pandas as pd 

import numpy as np 

import matplotlib.pyplot as plt 
import seaborn as sns 

from sklearn.metrics import classification_report 

from sklearn import metrics 
from sklearn import tree 

import warnings 
warnings.filterwarnings('ignore') 

importing the files form the local drive 

df = pd.read_csv('/content/Crop_recommendation.csv') 

#representation of first 5 columns of data 

df.head() 
 

#representation of last 5 columns of data 

df.tail() 

df.size 

 
#rows and columns of data 

df.shape 

#column names 

df.columns 

#unique crop names 

df['label'].unique() 

#data type of columns 

df.dtypes 

df['label'].value_counts() 
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#Representation Of Data 

sns.heatmap(df.corr(),annot=True) 

Seperating features and target label 
 

features = df[['N', 'P','K','temperature', 'humidity', 'ph', 'rainfall']] 
target = df['label'] 

#features = df[['temperature', 'humidity', 'ph', 'rainfall']] 

labels = df['label'] 
 

# Initialzing empty lists to append all model's name and corresponding name 

acc = [] 

model = [] 
 

# Splitting into train and test data 

 

from sklearn.model_selection import train_test_split 
Xtrain, Xtest, Ytrain, Ytest = train_test_split(features,target,test_size = 0.2,random_state =2) 

 
Decision Tree 

 

from sklearn.tree import DecisionTreeClassifier 

 
DecisionTree = DecisionTreeClassifier(criterion="entropy",random_state=2,max_depth=5) 

DecisionTree.fit(Xtrain,Ytrain) 

predicted_values = DecisionTree.predict(Xtest) 
x = metrics.accuracy_score(Ytest, predicted_values) 

acc.append(x) 

model.append('Decision Tree') 
print("DecisionTrees's Accuracy is: ", x*100) 

 

print(classification_report(Ytest,predicted_values)) 

from sklearn.model_selection import cross_val_score 

# Cross validation score (Decision Tree) 

score = cross_val_score(DecisionTree, features, target,cv=5) 

score 

Saving trained Decision Tree model 
 

import pickle 

# Dump the trained Naive Bayes classifier with Pickle 

DT_pkl_filename = 'DecisionTree.pkl' 

# Open the file to save as pkl file 
DT_Model_pkl = open(DT_pkl_filename, 'wb') 

pickle.dump(DecisionTree, DT_Model_pkl) 
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# Close the pickle instances 

DT_Model_pkl.close() 

 

Guassian Naive Bayes 
 

from sklearn.naive_bayes import GaussianNB 

NaiveBayes = GaussianNB() 

NaiveBayes.fit(Xtrain,Ytrain) 

predicted_values = NaiveBayes.predict(Xtest) 
x = metrics.accuracy_score(Ytest, predicted_values) 

acc.append(x) 

model.append('Naive Bayes') 
print("Naive Bayes's Accuracy is: ", x) 

print(classification_report(Ytest,predicted_values)) 

# Cross validation score (NaiveBayes) 

score = cross_val_score(NaiveBayes,features,target,cv=5) 
score 

Saving trained Guassian Naive Bayes model 

import pickle 

# Dump the trained Naive Bayes classifier with Pickle 

NB_pkl_filename = 'NBClassifier.pkl' 
# Open the file to save as pkl file 

NB_Model_pkl = open(NB_pkl_filename, 'wb') 

pickle.dump(NaiveBayes, NB_Model_pkl) 

# Close the pickle instances 
NB_Model_pkl.close() 

 

Support Vector Machine (SVM) 

from sklearn.svm import SVC 

SVM = SVC(gamma='auto') 

SVM.fit(Xtrain,Ytrain) 

predicted_values = SVM.predict(Xtest) 

 

x = metrics.accuracy_score(Ytest, predicted_values) 

acc.append(x) 
model.append('SVM') 

print("SVM's Accuracy is: ", x) 

 
print(classification_report(Ytest,predicted_values)) 
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# Cross validation score (SVM) 
score = cross_val_score(SVM,features,target,cv=5) 

score 

 

Logistic Regression 
 

from sklearn.linear_model import LogisticRegression 

LogReg = LogisticRegression(random_state=2) 

LogReg.fit(Xtrain,Ytrain) 

predicted_values = LogReg.predict(Xtest) 

 

x = metrics.accuracy_score(Ytest, predicted_values) 
acc.append(x) 

model.append('Logistic Regression') 

print("Logistic Regression's Accuracy is: ", x) 

print(classification_report(Ytest,predicted_values)) 

# Cross validation score (Logistic Regression) 

score = cross_val_score(LogReg,features,target,cv=5) 

score 

Saving trained Logistic Regression model 

import pickle 

# Dump the trained Naive Bayes classifier with Pickle 
LR_pkl_filename = 'LogisticRegression.pkl' 

# Open the file to save as pkl file 

LR_Model_pkl = open(DT_pkl_filename, 'wb') 

pickle.dump(LogReg, LR_Model_pkl) 
# Close the pickle instances 

LR_Model_pkl.close() 

 
Random Forest 

 

Saving trained Random Forest model 

 

from sklearn.ensemble import RandomForestClassifier 

 

RF = RandomForestClassifier(n_estimators=20, random_state=0) 
RF.fit(Xtrain,Ytrain) 

 

predicted_values = RF.predict(Xtest) 
 

x = metrics.accuracy_score(Ytest, predicted_values) 

acc.append(x) 

model.append('RF') 
print("RF's Accuracy is: ", x) 
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print(classification_report(Ytest,predicted_values)) 

 

# Cross validation score (Random Forest) 

score = cross_val_score(RF,features,target,cv=5) 
score 

 

import pickle 
# Dump the trained Naive Bayes classifier with Pickle 

RF_pkl_filename = 'RandomForest.pkl' 

# Open the file to save as pkl file 
RF_Model_pkl = open(RF_pkl_filename, 'wb') 

pickle.dump(RF, RF_Model_pkl) 

# Close the pickle instances 
RF_Model_pkl.close() 

 

XGBoost 
 

import xgboost as xgb 

XB = xgb.XGBClassifier() 

XB.fit(Xtrain,Ytrain) 
 

predicted_values = XB.predict(Xtest) 

 

x = metrics.accuracy_score(Ytest, predicted_values) 
acc.append(x) 

model.append('XGBoost') 

print("XGBoost's Accuracy is: ", x) 

print(classification_report(Ytest,predicted_values)) 
 

# Cross validation score (XGBoost) 

score = cross_val_score(XB,features,target,cv=5) 
score 

Saving trained XGBoost model 

import pickle 

# Dump the trained Naive Bayes classifier with Pickle 
XB_pkl_filename = 'XGBoost.pkl' 

# Open the file to save as pkl file 

XB_Model_pkl = open(XB_pkl_filename, 'wb') 

pickle.dump(XB, XB_Model_pkl) 

# Close the pickle instances 

XB_Model_pkl.close() 
 

Accuracy Comparison 

 

plt.figure(figsize=[10,5],dpi = 100) 
plt.title('Accuracy Comparison') 

plt.xlabel('Accuracy') 

plt.ylabel('Algorithm') 
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sns.barplot(x = acc,y = model,palette='dark') 

 

accuracy_models = dict(zip(model, acc)) 

for k, v in accuracy_models.items(): 

print (k, '-->', v) 
 

Making a prediction 
 

data = np.array([[104,18, 30, 23.603016, 60.3, 6.7, 140.91]]) 

prediction = RF.predict(data) 

print(prediction) 
 

n=int(input()) 

P=int(input()) 

K =int(input()) 
temperature=float(input()) 

humidity =float(input()) 

ph    =float(input()) 
rainfall =float(input()) 

data = np.array([[n,P,K,temperature,humidity,ph,rainfall]]) 

prediction = RF.predict(data) 

print(prediction) 
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5.2 OUTPUTS: 

 

Gaussian Classifier Model: 
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Decision Tree Classifier Model: 
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Random Forest Classifier Model: 
 

 



AGRICULTURAL CROP PREDICTION USING MACHINE LEARNING. 

DEPT. OF CSE., GPCET Page 53 

 

 

 

SVM Classifier Model: 
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Linear Regression Model: 
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5.3 ADVANTAGES: 

 Powerful and accurate, good performance on prediction. 

 User able to know the predicted crops values so, they can by plant more effectively. 

 Can able to deploy different types of crops by selecting them in the same window 

 
5.4 DISADVANTAGES: 

 Must have Knowledge on Bayesian probability or Bayesian methods. 

 Time taken for the process is larger 

 Based on the assumption that features have same statistical relevance. 
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CHAPTER 6 

CONCLUSION AND FUTURE SCOPE 

6.1 CONCLUSION: 

This project is employed to search out the gain the knowledge about the crop that can be 

deployed to make a efficient and useful harvesting. While the existing system, lags a bit in accuracy 

in prediction. The ultimate result that was foretold wasn’t that accurate with the original. Decision 

tree shows poor performance when dataset is having more variations but naïve bayes provides 

better result than decision tree for such datasets. The combination classification algorithm like 

naïve bayes and decision tree classifier are better performing than use of single classifier model.  

To overcome this drawback, we have a proposed a project to replacement technique with 

randomforest. It takes only less time for its processes and the accuracy of the prediction is high. 

 

 

6.2 FUTURE SCOPE: 

In future, by using upcoming software’s and latest technology, the processing time can be 

reduced. Efficiency of our module will be increased. Similarly, the same method can be 

implemented using advanced machine learning algorithm, if it is introduced in near future. In this 

proposed technique clustering, classification and feature selection algorithms are applied to get 

better results. 

The following points mention some idea that can be further implemented. 

i. The accuracy of proposed technique can also be improved using different feature 

selection techniques. 
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ABSTRACT

As air pollution is a complex mixture of toxic components with considerable impact

on humans, forecasting air pollution concentration emerges as a priority for improving life

quality. Urbanization is one of the main reasons for air pollution because, increase in the

transportation facilities emits more pollutants into the atmosphere and another main reason

for air pollution is Industrialization. The major pollutants are Nitrogen Oxide (NO), Carbon

Monoxide (CO), Particulate matter (PM), SO2 etc. Carbon Monoxide is produced due to the

deficient Oxidation of propellant such as petroleum, gas, etc. Nitrogen Oxide is produced

due to the ignition of thermal fuel; Carbon monoxide causes headaches, vomiting.Benzene is

produced due to smoking, it causes respiratory problems.

Nitrogen oxides cause dizziness, nausea. Particulate matter with a diameter 2.5

micrometer or less than that affects more to human health.Measures must be taken to

minimize air pollution in the environment. Air Quality Index(AQI), is used to measure the

quality of air. Earlier classical methods such as probability, statistics were used to predict the

quality of air, but those methods are very complex to predict the quality of air. Due to

advancement of technology, now it is very easy to fetch the data about the pollutants of air

using sensors. Assessment of raw data to detect the pollutants needs rigorous

analysis.ConvolutionNeural networks, Recursive Neural networks, Deep Learning, Machine

learning algorithms assured in accomplishing the prediction of future AQI so that measures

can be taken appropriately.

Machine learning which comes under artificial intelligence has three kinds of

learning algorithms, they are the Supervised Learning, Unsupervised learning,

Reinforcement learning.In the proposed work we have used supervised learning

approach.There are many algorithms under supervised learning algorithms such as Linear

Regression, Nearest Neighbor, SVM, kernel SVM, Naive Bayes and Random Forest.

Compared to all other algorithms Random forest gives better results, so our approach selects

Random Forest to predict the accurate air pollution.
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CHAPTER 1 

INTRODUCTION 

Air pollution is one of the most important environmental issues in both developed and 

developing countries. The distribution of air-pollution involves a complex process depending on 

a number of factors. In fact, air pollution prediction, which has a non-linear dynamism, is a very 

difficult task and requires a close understanding of the dispersion of air pollutants in the 

atmosphere, which involves an immense cost. In some cases, air pollution in mega cities even 

exceeds the standard limit which increases the concerns. For this reason, air pollution has 

become a problem in many cities in the world and its investigation is considered as a vital issue 

in urban management. 

The pollution information includes the density of daily CO and C6H6 pollutants which 

can be announced to the concerned people by city managers as a response to the air pollution. 

This information may assist people to avoid the polluted areas and employ public transport 

facilities to reduce the level of the pollution. In addition, the concerned city managers can 

implement the information to control the urban traffic and the responsible pollutant industries 

and to increase public transport facilities in order to mitigate the level of the pollution.  

To achieve this goal, appropriate tools need to be used to predict air pollution. Until now, 

there are many methods proposed for air quality prediction. The method established in our 

project to determine the harmful pollutant C6H6 from the other gases concentration. Since 

determining the amount of benzene is difficult, we use other gases to determine it. 

 

1.1 MACHINE LEARNING: 

Machine learning is a data analytics technique which teaches the computers to do what 

comes naturally to humans and animals: learning from the experience. Machine learning 

algorithms use computational methods to “learn” information directly from data without relying 

on a predetermined equation as a model. The algorithms goes on adaptively improving the 

performance as the number of samples available for learning increases. Deep learning is a 

specialized form of the machine learning. 
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The machine learning methods have thrived in the applications of language and text 

modeling in recent years, which can potentially counter the challenges in processing and 

classifying the tweets. In most of the studies, language modeling can be taken as a kind of 

information extraction from the text messages, which is the process of converting the 

unstructured text information into a structured database and solving it as a supervised or 

unsupervised learning task. 

With the rise in big data, machine learning has become a key technique for solving 

problems in areas, such as: 

➢ Computational finance, credit scoring and algorithmic trading 

➢ Image processing and computer vision, face recognition, motion detection, and object 

detection 

➢ Computational biology, for tumor detection, drug discovery, and DNA sequencing 

➢ Energy production, price and load forecasting 

➢ Automotive, aerospace, manufacturing, predictive maintenance 

➢ Natural language processing, for the voice recognition applications  

1.2 WORKING: 

Machine learning uses two types of techniques such as supervised learning, which trains 

a model on the known input and output data so that it can predict the future outputs, 

and unsupervised learning, which finds hidden patterns or intrinsic structures in the input data. 

CLASSIFICATION TECHNIQUES  

➢ Classification techniques predict the discrete responses for example, whether an email is 

genuine or spam, or whether a tumor is cancerous or benign. Classification models 

classify input data into different categories. Typically, applications of classification 

include medical imaging, speech recognition, and credit scoring. 

➢ Use classification if the data can be tagged, categorized, or separated into specific groups 

or classes. For example, applications for hand-writing recognition use the classification to 

recognize the letters and numbers.  
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➢ In the image processing and computer vision, the unsupervised pattern 

recognition techniques are used to detect the objects and image segmentation. 

➢ Common algorithms for performing classification include support vector machine 

(RANDOM FOREST), boosted and bagged decision trees, k-nearest neighbor, Naïve 

Bayes, discriminant analysis, logistic regression, and neural networks. 

Figure 1: Classification techniques 

SUPERVISED LEARNING: 

Supervised machine learning builds a model which makes the predictions based on the 

evidence in the presence of uncertainty. A supervised learning algorithm takes a known set of the 

input data and the known responses to the data (output) and trains a model to generate reasonable 

predictions for the response to the new data. Use supervised learning if the data is known data for 

the output that we try to predict. Supervised learning uses classification and the regression 

techniques to develop predictive models. 

 

UNSUPERVISED LEARNING: 

Unsupervised learning finds the hidden patterns or intrinsic structures in the given data. It 

is used to draw the inferences from datasets consisting of the input data without the labelled 

responses. 
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REGRESSION TECHNIQUES  

➢ Regression techniques are used to predict the continuous responses from the data, for 

example, changes in temperature or fluctuations in power demand. Typical applications 

for this include electricity load forecasting and algorithmic trading. 

➢ Regression techniques are used when working with a data range or if the nature of the 

response is a real number, such as temperature or the time until failure for a piece of the 

equipment. 

➢ Common regression algorithms for these include the linear model, nonlinear 

model, regularization, step-wise regression, boosted and bagged decision trees, neural 

networks, and adaptive neuro-fuzzy learning. 

CLUSTERING 

Clustering is one of the most common unsupervised learning techniques. It is used for 

exploratory data analysis to find the hidden patterns or groupings in data. Applications for the 

cluster analysis includes the gene sequence analysis, market research, and the object recognition. 

For example, if a cell phone company may want to optimize the locations where they build cell 

phone towers, they can use machine learning to estimate the number of clusters of people relying 

on their towers in a particular area. 

 A phone can only talk to one tower at a given time, so the team uses these clustering 

algorithms to design the best placement of cell towers to optimize the signal reception for 

groups, or clusters, of their customers. Common algorithms used to perform the clustering 

include the k-means and k-medoids, hierarchical clustering, Gaussian mixture models, hidden 

Markov models, self-organizing maps, fuzzy c-means clustering, and subtractive clustering. 

USES OF CLUSTERING 

 There are unlimited reasons to cluster data. The main reason is that it allows us to build 

simpler, more understandable models of the world which can be acted upon easily. People 

naturally cluster objects for this reason all the time. Clustering algorithms automate this process 

and allow us to exploit the power of computer technology. A secondary use for clustering is for 

dimensionality reduction or data compression.  
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For example, we are able to identify objects as a chair even if they look quite different 

and this allows us to ignore the specific characteristics of a chair if they are irrelevant. Clustering 

can be employed by a search engine so that the documents retrieved from the search term jaguar 

cluster the documents related to the jaguar animal separately from those related to the Jaguar 

automobile. The clustering algorithm can work effectively in this case because one set of 

returned documents will repeatedly have the term car, automobile or S-type in it while the other 

one may have the terms jungle or animal appear repeatedly. 

Clustering can also aid with data compression by replacing complex objects with an 

index into a table of the object closest to the center of that objects cluster. There are many 

specific applications of clustering and only a few are listed here. Clustering can be used to 

automatically segment customers into meaningful groups so that more effective, customized, 

marketing plans can be developed for each group. In document retrieval tasks the returned 

documents may be clustered and presented to the users grouped by these clusters in order to 

present the documents in a more organized and meaningful way. 

CATEGORIES OF CLUSTERING ALGORITHMS 

Clustering algorithms can be organized by the basic approach that they employ. These 

approaches are also related to the type of clustering that the algorithm produces. The two main 

types of clustering algorithms are hierarchical and non-hierarchical. A hierarchical clustering has 

multiple levels while a non-hierarchical clustering has only a single level. An example of a 

hierarchical clustering is taxonomy used by biologists to classify living organisms. 

 

Figure 2: Clustering patterns 
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 The non-hierarchical clustering algorithms will take the presented objects and place each 

into one of k clusters, where each cluster must have at least one object. Most of these algorithms 

require the user to specify the value of k or m value, which is often a liability, since the user will 

generally not know ahead of time the optimal number of meaningful clusters. The framework 

used by many of these algorithms is to form an initial random clustering of the objects and then 

repeatedly move objects between clusters to improve the overall quality of the clusters. One of 

the oldest and most notable of these methods is the K-means clustering algorithm.  

This algorithm randomly assigns each object to one of the k clusters and then computes 

the average of the points in the cluster. Then each object is reassigned to the cluster based on this 

centroid value it is closest to and then the centroids of each cluster are recomputed. This cycle 

continues until no further changes are made. This very simple method sometimes works well. 

Another way to generate non-hierarchical clustering is through density-based clustering methods, 

such as DBSCAN, which find regions of high density which is separated from regions of low 

density. One advantage of DBSCAN is that because it’s sensitive to the density differences it can 

form clusters with arbitrary shapes. 

 Hierarchical clustering algorithms are the next type of clustering algorithms. These 

algorithms can be divided into agglomerative and divisive algorithms. The agglomerative 

algorithms start with each object as an individual cluster and then at each iteration merge the 

most similar pair of clusters. The divisive algorithms take the opposite approach and start with 

all objects in a single partition and then iteratively split one cluster into two. The agglomerative 

techniques are by far the more popular method used. These methods are appropriate when the 

user prefers a hierarchical clustering of the objects. There is no best method or one size fits all. 

Also algorithm selection depends on the size and type of data you’re working with, the insights 

you want to get from the data, and how those insights will be used. Finding the right algorithm is 

partly just trial and error-even highly experienced data scientists can’t tell whether an algorithm 

will work without trying it out. 

Guidelines on choosing between supervised and unsupervised machine learning: 

➢ Choose supervised learning if there is a need to train a model to make a prediction--for 

example, the future value of a continuous variable, such as temperature or a stock price, 

or a classification—for example, identify makes of cars from webcam video footage. 
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➢ Choose unsupervised learning if there is a need to explore your data and want to train the 

model to find a good internal representation, such as splitting data up into clusters. 

Figure 3: Classification of Machine learning. 

 

1.3 PROCESS OF MACHINE LEARNING 

Putting all of the above observations together, we can now outline the typical process used 

in Machine Learning. This process is designed to maximize the chances of learning success and to 

effectively measure the error of the algorithm. 

TRAINING:  

A subset of real data is provided to training model. The data includes a sufficient number 

of positive and negative examples to allow any potential algorithm to learn. The data scientist, 

experiments with a number of algorithms before deciding on those which best fit the training data. 

VALIDATION:  

A further subset of real data is provided by the data scientist with similar properties to the 

training data. This is called the validation set. The data scientist will run the chosen algorithms 

on the validation set and measure the error. The algorithm that produces the least error is 

considered to be the best. It is possible that even the best algorithm can overfit or underfit the 

data, producing a level of error which is unacceptable. 
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TESTING:  

It will be important to measure the mean square error of any learning algorithm that is 

considered implementable. The validation set should not be used to calculate this error as we 

have already used the validation set to choose the algorithm so that it has minimal error. 

Therefore, the validation set has now effectively become a part of the training set. To obtain an 

accurate and reliable measure of error, a third set of data should be used, known as the test set. 

The algorithm is run on the test set and the error is calculated. 

DATA MINING 

Data mining is a process that takes data as input and outputs knowledge. it is defined as 

the procedure of extracting information from huge sets of data. In other words, we can say that 

data mining is mining knowledge or insides from data. Data pre-processing is a proven method 

of resolving such issues. Data processing prepares raw data for further processing. This step 

consists of feature selection, data cleaning and data transformation. Data gathered from different 

sources was consolidated, mapped and scrutinized. Some of the data that is not useful to the data 

mining exercise was ignored. Data cleaning is a process used to determine incomplete, 

inaccurate or unreasonable data and then improve the quality through correcting of detected 

errors and omissions. Generally, data cleaning reduces errors and improves the overall data 

quality. Some entries were clearly invalid, caused by either human error or the evolution of the 

problem reporting system.  

Those errors that were correctable were corrected. If all errors detected for a report were 

not corrected, that report was discarded from study. Data transformation converts a set of data 

values from the original data format of a source data system into the data format of a destination 

data system. In this process, few attributed were transformed into required formats for example, 

the feature “Hour” was converted into 24-hour format. Also, the attribute values were hard-

coded for better representation in the training dataset. A formal presentation of the rule and 

parameters of confidence, support and lift which quantify a rule is as follow. The general form of 

the rule is as follows: “IF event X occurs THEN event Y occurs as well, in M% of times, and this 

pattern occurs in N% of all events in the dataset”. Association rules defines correlation among a 

set of items, the relationship is defined in terms of the frequency of co-occurrence or similarity 

or appearance of the items together in each transaction process.  
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In Association rule mining various rules were created in the form X=>Y, X is termed as 

antecedent whereas Y is called as consequent. Each of such formed rules shows the probability 

of occurrence of Y Wherein X has already occurred depending on the support and confidence 

values. If each data record describes one phone call but the goal is to predict whether a phone 

number belongs to a business or residential customer based on its calling patterns, then all 

records associated with each phone number must be aggregated, which will entail creating 

attributes corresponding to the average number of calls per day, average call duration, etc. While 

data preparation does not get much attention in the research community or the data mining 

community in general, it is critical to the success of any data mining project because without 

high quality data it is often impossible to learn much from the data. 

The relevant data must be selected from a potentially large and diverse set of data, any 

necessary preprocessing must then be performed, and finally the data must be transformed into a 

representation suitable for the data mining algorithm that is applied in the data mining step. As 

an example, the preprocessing step might involve computing the day of week from a date field, 

assuming that the domain experts thought that having the day of week information would be 

useful.  

Furthermore, although most research on data mining pertains to the data mining 

algorithms, it is commonly acknowledged that the choice of a specific data mining algorithms is 

generally less important than doing a good job in data preparation. In practice it is common for 

the data preparations steps to take more time and effort than the actual data mining step. Thus, 

anyone undertaking a data mining project should ensure that sufficient time and effort is 

allocated to the data preparation steps. The fourth step in the data mining process is the data 

mining step. This step involves applying specialized computer algorithms to identify patterns in 

the data. Many of the most common data mining algorithms, including decision tree algorithms 

and neural network algorithms, are described. At least for predictive tasks, which are probably 

the most common type of data mining task, these patterns collectively can be viewed as a model. 

Finally, the results of data mining cannot simply be accepted, but must be carefully tried and 

tested as well as evaluated and interpreted. As a simple example, in the case of the direct-mail 

example just described, we could evaluate the decision tree based on its accuracy or the 

percentage of its predictions that are correct.  
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However, many other evaluation or performance metrics are possible and for this specific 

example return on investment might actually be a better metric. The data mining process is an 

continuous process. After the initial run of the process is complete, the user will evaluate the 

results and decide whether further work is necessary or if the results are adequate. Normally, the 

initial results are either not acceptable or there is an expectation that further improvements are 

possible, so the process is repeated after some adjustments are made. These adjustments can be 

made at any stage of the process. Additional fields may be generated from existing information 

or obtained, manual cleaning of the data may be performed, or new data mining algorithms may 

be selected.  

At some point the results may become acceptable and the mined knowledge then will be 

communicated and may be acted upon. 

 

Figure 4: Data mining process image 

OVERVIEW OF DATAMINING TASKS 

The best way to gain an understanding of data mining is to understand the types of tasks, 

or problems, that it can address using given dataset. At a high level, most data mining tasks can 

be categorized as either having to do with prediction or description. Predictive tasks allow one to 

predict the value of a variable based on other existing information. Examples of predictive tasks 

include predicting when a customer will leave a company, identifying the best customers to 

receive direct marketing offers and predicting whether a transaction is fraudulent or not.  



AIR QUALITY PREDICTION USING MACHINE LEARNING. 

DEPT. OF CSE., GPCET Page 11 

Descriptive tasks, on the other hand, summarize the data in some manner. Examples of 

such tasks include automatically segmenting customers based on their level of similarities and 

differences and finding associations between products in market basket data. 

1.4 CLASSIFICATION AND REGRESSION 

Classification and regression tasks are predictive tasks that involve building a model to 

predict a target, or dependent, variable from a set of explanatory, or independent, variables. For 

classification tasks the target variable usually has a small number of discrete values whereas for 

regression tasks the target variable is continuous. Identifying fraudulent credit card transactions 

is a classification task while stock price prediction is a regression task. 

1.4.1 LOGISTIC REGRESSION 

Logistic regression is the regression analysis and dependent upon the variables is binary 

numbers i.e. 0’s and 1’s. All regression analysis, the logistic regression is a prediction analysis. 

Logistic regression is used to details about data and to graphically explain the relationship 

between dependent binary variable and more nominal, ordinal, interval independent variables. 

Sometimes logistic regressions are difficult to describe the statistics tools are easily conduct and 

analysis the datasets, then in others plain word are as it is display in the output.  

1.4.2 ASSOCIATION RULE ANALYSIS 

Association rule analysis is a descriptive data mining task that involves associations or 

discovering patterns, between elements in a data set. The associations are represented in the form 

of rules or implications. 

 The most common association rule task is market basket analysis. In this case each data 

record corresponds to a transaction and lists the items that have been purchased as part of the 

transaction. It should be noted that although this is a descriptive task, highly accurate association 

rules can be used for predicting results. 

1.4.3 CLUSTER ANALYSIS 

Cluster analysis is a descriptive data mining task where the goal is to group similar 

objects in the same cluster and dissimilar objects in different clusters i.e cluster formation. 
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Applications of clustering include clustering customers for the purpose of market segmentation 

and grouping similar documents together in response to a search engine request. 

1.4.4 TERMINOLOGY AND BACKGROUND 

 Most prediction tasks assume that the underlying data is represented as a collection of 

objects or records, which, in data mining, are often referred to as instances or examples. Each 

example is made up of a number of variables, commonly referred to as features or attributes. The 

feature to be predicted is of special interest and may be referred to as the target, or, for 

classification tasks called as class. 

1.5 PREDICTIVE DATA MINING ALGORITHMS 

We briefly describe some of the most common data mining algorithms. Because the 

purpose of this chapter is to provide a general description of data mining, its capabilities, and 

how it can be used to solve real-world problems, many of the technical details concerning the 

algorithms are omitted. A basic knowledge of the major data mining algorithms, however, is 

essential in order to know when each algorithm is relevant, the advantages and disadvantages of 

each algorithm are, and how these algorithms can be used to solve real-world problems. 

1.6 DECISION TREES 

 Decision tree algorithms are a very popular class of learning algorithms for classification 

tasks. A sample decision tree, generated from the automobile loan data. The internal nodes of the 

decision tree each represent a feature while the terminal nodes are labeled with a class value. 

Each branch is labeled with a feature value, and, when presented with an example, one follows 

the branches that match the attribute values for the example, until a leaf node is reached. The 

class value assigned to the leaf node is then used as the predicted value for the example. In this 

simple example the decision tree will predict that a customer will default on their automobile 

loan if their credit rating is “poor” or it is not “poor” but the person is “middle aged” and their 

income level is “low”. 

Thus, while a decision tree classifier could easily classify the data set represented in 

Figure below, it could not easily classify the data set represented in Figure 3b, assuming that the 

true decision boundary corresponds to the line y=x.  
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A decision tree could approximate that decision boundary if it were permitted to grow 

very large and complex, but could never learn it perfectly. Decision tree algorithms are very 

popular. The main reason for this is that the induced decision tree model is easy to understand. 

Additional benefits include the fact that the decision tree model can be generated quickly and 

new examples can be classified quickly using the induced model. The primary disadvantage of a 

decision tree algorithm is that it has limited expressive power, namely because only one attribute 

can be considered at a time. 

1.7 RULE-BASED CLASSIFIERS 

 Rule-based classifiers generate classification rules, such as rule set. The way in which 

classifications are made from a rule set varies. For some rule-based systems the first rule to fire 

determines the classification, whereas in other cases all rules are evaluated and the final 

classification is made based on a voting scheme. The connection between these two classification 

methods is even more direct since any decision tree can trivially be converted into a set of 

mutually exclusive rules, by creating one rule corresponding to the path from the root of the tree 

to each leaf. Rule-based classifiers are very similar to decision-tree learners and have similar 

expressive power, computation time, and comprehensibility. While some rule-based learners 

such as C4.5 Rules operate this way, other rule learners, such as RIPPER, generate rules directly. 

1.8 ARTIFICIAL NEURAL NETWORKS 

Artificial Neural Networks (ANNs) were originally inspired by attempts to simulate some 

of the functions of the brain and can be used for both classification as well as regression tasks. 

An ANN is composed of an interconnected set of nodes that includes an input layer, zero or more 

hidden layers, and an output layer. The links between nodes have weights associated with them. 

The ANN accepts three inputs, I1, I2, and I3 and generates a single output O1. The ANN 

computes the output value from the input values as follows. First, the input values are taken from 

the attributes of the training example, as it is inputted to the ANN.  

These values are then weighted and fed into the next set of nodes, which in this example 

areH1 and H2. A non-linear activation function is then applied to this weighted sum and then the 

resulting value is passed to the next layer, where this process is repeated, until the final values 

are outputted.  
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The ANN learns by incrementally modifying its weights so that, during the training 

phase, the predicted output value moves closer to the observed value. Due to the nature of ANN 

learning, the entire training set is applied repeatedly, where each application is referred to as an 

epoch. The most popular algorithm for modifying the weights is the back-propagation algorithm 

ANNs can naturally handle regression tasks, since numerical values are passed through 

the nodes and are ultimately passed through to the output layer. However, ANNs can also handle 

classification tasks by thresholding on the output values. ANNs have a great deal of expressive 

power and are not subject to the same limitations as decision trees. In fact, most ANNs are 

universal approximators in that they can approximate any continuous function to any degree of 

accuracy. 

 

Figure 5: A Typical Artificial Neural Network 

However, this power comes at a cost. While the induced ANN can be used to quickly 

predict the values for unlabeled examples, training the model takes much more time than training 

a decision tree or rule-based learner and, perhaps most significantly, the ANN model is virtually 

incomprehensible and therefore cannot be used to explain or justify its predictions. 

1.9 NEAREST-NEIGHBOR 

Nearest-neighbor learners are very different from any of the learning methods just 

described in that no explicit model is ever built. That is, there is no training phase and instead all 

of the work associated with making the prediction is done at the time an example is presented. 
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Nearest-neighbor algorithms are typically used for classification tasks, although they can 

also be used for regression tasks. These algorithms also have a great deal of expressive power. 

Nearest-neighbor algorithms generate no explicit model and hence have no training time. 

Instead, all of the computation is performed at testing time and this process may be relatively 

slow since all training examples may need to be examined. It is difficult to evaluate the 

comprehensibility of the model since none is produced.  

The nearest-neighbor method first determines the k most similar examples in the training 

data and then determines the prediction based on the class values associated with these k 

examples, where k is a user specified parameter. The simplest scheme is to predict the class 

value that occurs most frequently in the k examples, while more sophisticated schemes might use 

weighted voting, where those examples most similar to the example to be classified are more 

heavily weighted. People naturally use this type of technique in everyday life. For example, 

realtors typically base the sales price of a new home on the sales price of similar homes that were 

recently sold in the area. Nearest-neighbor learning is sometimes referred to as instance-based 

learning. We can say that because no model is produced, one cannot gain any global insight into 

the domain. However, individual predictions can easily be explained and justified in a very 

natural way, by referring to the nearest-neighbors. We thus say that this method does not produce 

a comprehensible model but its predictions are explainable. 

1.10 NAÏVE BAYESIAN CLASSIFIERS 

Most classification tasks are not completely deterministic. That is, even with complete 

knowledge about an example you may not be able to correctly classify it. Rather, the relationship 

between an example and the class it belongs to is often probabilistic in nature. Naïve Bayesian 

classifiers are probabilistic classifiers that allow us to exploit statistical properties of the data in 

order to predict the most likely class for an example.  

These methods are quite powerful, can express complex concepts, and are fast to generate 

and to classify new examples. However, these methods do not build an explicit model that can 

then be interpreted. More specifically, these methods use the training data and the prior 

probabilities associated with each class and with each attribute value and then utilize Bayes’ 

theorem to determine the most likely class given a set of observed attribute values. This method 

is naïve in that it assumes that the values for each attribute are independent. The naïve Bayes 

method is used for classification tasks.  
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1.11 ENSEMBLE METHODS 

 Ensemble methods are general methods for improving the performance of predictive data 

mining algorithms. The most notable ensemble methods are bagging and boosting, which permit 

multiple models to be combined. With bagging the training data are repeatedly randomly 

sampled with replacement, so that each of the resulting training sets has the same number of 

examples as the original training data but is composed of different training examples.  

A classifier is induced from each of the generated training sets and then each unlabeled 

test example is assigned the classification most frequently predicted by these classifiers. 

Boosting is somewhat similar to bagging and also generates multiple classifiers, but boosting 

adaptively changes the distribution of training examples such that the training examples that are 

misclassified are better represented in the next iteration. Thus, boosting focuses more attention 

on the examples that are difficult to classify. 

 As with bagging, unlabeled examples are classified based on the predictions of all of the 

generated classifiers. Most data mining packages now implement a variety of ensemble methods, 

including boosting and bagging. Most of these packages also permit different models to be 

combined so that, in theory, one can get the best aspects of each. 

TEXT CLASSIFICATION: 

This is one of the important and typical task in supervised machine learning (ML). 

Assigning categories to documents, which can be a web page, library book, media articles, 

gallery etc. has many applications like e.g. spam filtering, email routing, sentiment analysis etc. 

Text classification is a smart classification of text into categories. 

➢ Supervised Text Classification 

➢ Unsupervised Text Classification 

TF: While counting the number of words in each document, This will give more weightage to 

longer documents than shorter documents. To avoid this, we use frequency TF - Term 

Frequencies, in each document. 

TF-IDF: we can even reduce the weightage of more common words like (the, is, an etc.) which 

occurs in all document. This is called as TF-IDF i.e Term Frequency times inverse document 

frequency. 
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CHAPTER 2 

LITERATURE REVIEW 

There is a need to predict the air quality for environmental balance. So many research 

papers have been published that emphasizes on the importance of predicting the air quality using 

techniques like clustering, Neural networks etc. Initially stepwise cluster analysis was performed 

and then form the result obtained by the stepwise cluster analysis is taken and predicted the air 

quality. From the graphical and statistical tests, the accuracy obtained was 82.8%. 

In the paper Predicting SubMicron Air Pollution indicators, Submicron particles, such as 

ultrafine particles (UFP, aerodynamic diameter ≤ 100 nm) and particulate matter ≤ 1.0 micrometers 

(PM1.0), are an unregulated emerging health threat to humans, but the relationships between the 

concentration of these particles and meteorological and traffic factors are poorly understood. To shed 

some light on these connections, this employed a range of machine learning techniques to predict UFP 

and PM1.0 levels based on a dataset consisting of observations of weather and traffic variables 

recorded at a busy roadside in Hangzhou, China. 

In Urban Air Pollution Monitoring System, a system for monitoring and forecasting 

urban air pollution is presented. The system uses low-cost air-quality monitoring motes that are 

equipped with an array of gaseous and meteorological sensors. The modules are responsible for 

receiving and storing the data, preprocessing and converting the data into useful information, 

forecasting the pollutants based on historical information, and finally presenting the acquired 

information through different channels, such as mobile application, Web portal, and short 

message service. The focus of this paper is on the monitoring system and its forecasting module. 

ML algorithms used are support vector machines, M5P model trees, and artificial neural 

networks (ANN). The outcome of this paper can be significantly useful for alarming applications 

in areas with high air pollution levels. 

In Air Quality Monitor, an application was developed for the welfare of every common 

person so that they can know about the air quality around them and they can sense the pollution 

or dust particle in the environment. This application will provide the exact information about the 

pollution condition in the environment like temperature, humidity and dust particles. Therefore, 

this project will sense the dust particles over a particular region. 
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Raja Vara Prasad et al. In 2011 proposed a real time wireless pollution monitoring. This 

system was based on the multihop data aggregation algorithm. Calibrated gas sensors were 

interfaced to wireless sensor motes, in that Libelium WASP mote was used which consist of 

processing unit and communication unit. All gas sensors were connected to sensor board on 

rotational basis. The collected data were sending to base station. Multihop data aggregation 

algorithm was used to increase a monitoring range. 

In the paper Deep Air Quality Forecasting using Hybrid Deep Learning Framework, a 

novel deep learning model for air quality (mainly PM2.5) forecasting, which learns the spatial-

temporal correlation features and interdependence of multivariate air quality related time series 

data by hybrid deep learning architecture. A jointly hybrid deep learning framework based on 

one-dimensional CNN and Bi-LSTM for shared representation features learning of multivariate 

air quality related time series data. In this paper, two real world datasets has been used which 

could deal with PM2.5. 

In the paper Machine Learning Approach for Air Quality Prediction, air quality 

forecasting done using machine learning approaches to predict the hourly concentration of air 

pollutants. This project proposes a useful regularization by enforcing the prediction models of 

consecutive hours to be close to each other and compare it with several typical regularizations 

for MTL, including standard Frobenius norm regularization, nuclear norm regularization, 

and ℓ2,1 -norm regularization. Experiments have showed that the proposed parameter-reducing 

formulations and consecutive-hour-related regularizations achieve better performance than 

existing standard regression models and existing regularizations. 

In the paper Air Quality Prediction: Bigdata and Machine Learning, the experiment was 

conducted in San Francisco by selected Big Data Analysis approaches and machine learning 

approaches. An Hourly based data was taken and used different algorithms approaches such as 

Artificial Neural Networks, Random Forest Algorithm, Decision Tree Model, Deep Brief 

Networks which resulted in a maximum accuracy of 81%. 

In Indian Air Quality Prediction and Analysis Using Machine Learning, Indian air quality 

has been tested using machine learning algorithms. In this experiment it improved the efficiency 

of the model by applying cost Estimation for our predictive Problem. In this paper, Air Quality 
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Index has been identified. The techniques used in the experiment are back propagation, Linear 

Regression. The accuracy was 95%. 

Air quality evaluation has been conducted using conventional approaches in all these 

years. These approaches involve manual collection and assessment of raw data. According to 

Niharika et al., the traditional approaches for air quality prediction use mathematical and 

statistical techniques. In these techniques, initially a physical model is designed and data is coded 

with mathematical equations.  

But such methods suffer from disadvantages like: 

1) they provide limited accuracy as they are unable to predict the extreme points i.e., the 

pollution maximum and minimum  

2) cut-offs cannot be determined using such approach 

3) They use inefficient approach for better output prediction 

4) the existence of complex mathematical calculations 

5) equal treatment to the old data and new data 

But with the advancement in technology and research, alternatives to traditional methods have 

been proposed which use big-data and machine learning approaches. In recent times, many 

researchers have developed or used big data analytics models and machine learning based 

models to conduct air quality evaluation to achieve better accuracy in evaluation and perdition. 

This paper is written based on our recent literature survey and study on the existing publications 

which focused on air quality evaluation and prediction using these approaches. The major 

objective is to provide a snapshot of the vast research work and useful review on the current 

state-of-the-art on applicable big data approaches and machine learning techniques for air quality 

evaluation and predication. 

Extreme Learning Machine (ELM): 

The extreme learning machine (ELM) is a randomized neural network method proposed 

by Schmidt et al. (1992) and popularized by Huang et al. (2006b). The ELM algorithm has the 

same architecture as a single-hidden layer feed-forward neural network (SLFN), but it is 

generally fast to train. The ELM randomly chooses the weights leading to the hidden nodes or 

neurons (HN) and analytically determines the weights at the output layer by solving a linear least 

squares problem. The only hyper-parameter to be tuned in the ELM is the number of HN (Lima 

et al., 2015). Extensions to ELM includes online sequential ELM (OS-ELM) (Liang et al., 2006), 
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incremental ELM (I-ELM) (Huang et al., 2006a; Huang and Chen, 2007, 2008), ELM 

ensembles, pruning ELM (P-ELM) (Rong et al., 2008) and error minimized ELM (EM-ELM) 

(Feng et al., 2009). In online sequential learning, new data arrive continuously and the model is 

repeatedly updated with the new data. OS-ELM is readily updated using only the new data, 

without the need to retrain using the complete historical record.  

ELM has also been successfully used in different research areas (Huang et al., 2011). An 

integration of several ELMs was proposed by Sun et al. (2008) to predict the future sales amount. 

Several ELM networks were connected in parallel and the average of the ELMs outputs was used 

as the final predicted sales amount, with better generalization performance. Heeswijk et al. 

(2009) investigated the adaptive ensemble models of ELM on the application of one-step ahead 

prediction in stationary and non-stationary time series. They found that the method worked well 

on stationary time series and the adaptive ensemble model achieved a test error comparable to 

the best methods on the non-stationary time series, while keeping adaptivity with low 

computational cost. Handoko et al. (2006) found that the ELM was as good as, if not better than, 

the MLP NN in terms of computing time, accuracy deviations across experiments and prevention 

of overfitting. Using the ELM as a mechanism for learning the stored digital elevation 

information to allow multi-resolution access in terrain models, Yeu et al. (2006) found that to 

achieve the same MSE during access, the memory needed in ELM was significantly lower than 

that needed by Delaunay triangulation (DT). Additionally, the offline training time for the ELM 

network was much less than that for the MLP NN, DT and support vector machines (SVM). 

As a randomized neural network, ELM is controlled by hyper-parameters such as the 

range of the random weights and the number of HN. The optimal number of HN is problem 

dependent and unknown in advance. We have to ensure the network structure is balanced 

between generalization ability and network complexity. Low network complexity (i.e., too few 

HN) might be unable to capture the true non-linear relationship, whereas too high a network 

complexity might decrease model generalization ability due to overfitting to noise in the data, 

and increase the model training time. In general, the number of HN is selected empirically based 

on model performance over independent validation data not used in model training. For an ELM, 

the optimal number of HN found can be much greater (sometimes by orders of magnitude) than 

MLP using iterative non-linear optimization, so an automatic procedure is needed to select the 

number of HN. Lima et al. (2015) used the hill climbing method to find the optimal number of 
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HN and the test results on nine environmental regression problems showed that among the non-

linear models, the ELM method, with often the fastest computing time for model training, tended 

to perform well in prediction skills. 

Random initialization of the weights is another important prerequisite for good 

convergence of NN models. A balance must exist to ensure that the activation function does not 

remain linear nor become saturated near the asymptotic limits of -1 and 1 in the case of a 

hyperbolic tangent function. If the range of random weight distribution is too small, both 

activation and error signals will die out on their way through the network. If it is too large, the 

saturated activation function will block the backpropagated error signals from passing through 

the node (Lima et al., 2015). Normally the range of weight interval is simply a constant, but 

Parviainen and Riihimaki (2013) raised questions about meaningfulness of choosing model 

complexity based on HN only and also found that using an appropriate weight range can improve 

ELM performance, achieving a similar effect as regularization in traditional neural network 

models. 

Photochemical Models: 

Photochemical models have become widely utilized as tools in air pollution control 

strategies. Photochemical models simulate the changes of pollutant concentrations in the 

atmosphere using a set of mathematical equations characterizing the chemical and physical 

processes in atmosphere. These models are applied at multiple spatial scales from local, regional, 

national, and global (Nguyen, 2014). Photochemical models have been formulated in both the 

Lagrangian and Eulerian reference frames (Russell and Dennis, 2000). Eulerian models include 

both single box models and multi-dimensional grid-based models. 

Box models were used early and are still used today in studies focusing on atmospheric 

chemistry alone. The limitation of box models is a lack of significant physical realism such as 

horizontal and vertical transport, and spatial variation. Grid models are potentially the most 

powerful photochemical model (Hansen et al., 28; Dennis et al., 1996), but are also the most 

computationally intensive. They solve a_nite approximation by dividing the modelling region 

into a large number of cells, horizontally and vertically, which interact with each other to 

simulate the various processes that aspect the evolution of pollutant concentrations, including 

chemistry, dispassion, advection, sedimentation (for particles), and deposition. Photochemical 
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models have been widely used to assess the relative importance of VOC and NOx controls in 

reducing ozone levels. 

Milford et al. (1989) used the CIT model to show the spatial variation of ozone isopleths 

and found a negative response of ozone to NOx controls in the downtown region of Los Angeles. 

Flemming et al. (2001) have employed the regional Eulerian model with 3 chemistry 

mechanisms (REM3), to operationally forecast ozone since 1997 at the Freie University, Berlin. 

The model has been used for making 1, 2, and 3-day advance ozone forecasts with data over 

Germany from 1997 to 1999. The resulted correlation coe_cient (r) ranged from 0.77 to 0.90. 

The disadvantage of this model was that it tended to underestimate the low ozone 

concentrations. Wotawa et al. (1998) developed a Lagrangian photochemical box model for 

providing ozone forecasts for Vienna, Austria. This model consisted of up to 8 vertical and up to 

5 horizontal boxes. It simulated emission, chemical reactions, horizontal diffusion, vertical 

diffusion, dry deposition, wet deposition and synoptic scale vertical exchange. Model input data 

included a trajectory term, which was calculated using forecast meteorological data. The model 

predictions for 1995 O3 season underestimated O3 concentrations on most days and r was 

greater than 0.6 for most of the study cases. 
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CHAPTER 3 

PROPOSED METHOD 
 

The model development can be separated into two phases: 

1) training and  

2) testing and updating. 

Models are first trained and validated and after the initialization phase, the models are used to 

predict the air pollutant concentration with newly arrived single datum or a chunk of data. Model 

updating is conducted by either batch learning algorithm or an online-sequential learning 

algorithm from the newly arrived data. 

Algorithms and Techniques  

The Algorithms used for this machine learning Problem Statement are taken from the 

scikit-learn(sklearn). Because this is a regression Problem, there are various supervised learning 

algorithms that could be used for this supervised learning project are Linear Regression, Support 

Vector Regression, Decision Tree Regression, Lasso Regression and Neural networks.   

Linear Regression: 

Linear Regression is a machine learning algorithm based on supervised learning. It 

performs a regression task. Regression models a target prediction value based on independent 

variables. It is mostly used for finding out the relationship between variables and forecasting. 

Different regression models differ based on – the kind of relationship between dependent and 

independent variables, they are considering and the number of independent variables being used. 

Support Vector Regression: 

Support Vector Regression (SVR) is quite different than other Regression models. It uses 

Support Vector Machine (SVM, a classification algorithm) algorithm to predict a continuous 

variable. While other linear regression models try to minimize the error between the predicted 

and the actual value, Support Vector Regression tries to fit the best line within a predefined or 

threshold error value. What SVR does in this sense, it tries to classify all the prediction lines in 

two types, ones that pass through the error boundary (space separated by two parallel lines) and 

ones that donate. Those lines which do not pass the error boundary are not considered as the 

difference between the predicted value and the actual value has exceeded the error threshold. The 
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lines that pass, are considered for a potential support vector to predict the value of an unknown. 

The following illustration will help you to grab this concept. 

Decision Tree Regression:  

Decision tree builds regression or classification models in the form of a tree structure. It 

breaks down a dataset into smaller and smaller subsets while at the same time an associated 

decision tree is incrementally developed. Decision tree regression observes features of an object 

and trains a model in the structure of a tree to predict data in the future to produce meaningful 

continuous output. Continuous output means that the output/result is not discrete, i.e., it is not 

represented just by a discrete, known set of numbers or values. 

SGD Regression: 

Stochastic Gradient Descent is used for estimating the parameters of a model. SGD 

Regressor is implemented from SGD. It is used to optimize the cost function to fit the linear 

model. It optimizes the r-squared score. The advantages of using SGD Regressor are efficiency 

and ease of implementation. SGD is highly efficient for the datasets with more number of 

features. 

3.1 PROBLEM STATEMENT:  

Studies from the fields of machine learning and air quality models show that much effort 

has been put into air quality forecasting, including the use of various machine learning methods. 

Machine learning methods have been widely used in environmental science problems and the 

applications of the MLP NN tend to provide some advantages over linear methods based on the 

results of the previous studies. In air quality forecasting, machine learning methods are 

promising when compared with the linear regression model and the photochemical dispersion 

model. The ELM method has been introduced to overcome some of the drawbacks in the popular 

MLP NN model, e.g., in computing time and the local minima problem.  

The aim of this project is to build a recognition system of the air pollutant C6H6 in air 

which is the most harmful gas by using supervised machine learning techniques using algorithms 

like Linear Regression, Support Vector Regression, Decision Tree Regression, SGD Regression, 

etc. Evaluation metrics implemented to compare the performance of different algorithms is taken 

to be coefficient of regression. 
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3.2 OBJECTIVES  

➢ To develop a machine learning forecasting model for predicting air quality. 

➢ To predict the quantity of C6H6 in air 

➢ To create a GUI which tells the quality of C6H6 in air by entering the values 

3.3 RESEARCH METHODOLOGY QUESTIONS: 

The research questions that can be derived and will be answered in this thesis are:  

➢ What are the existing learning algorithms used for forecasting the pollution 

concentration?  

➢ What are the possible external factors that affect the concentration of the pollution? 

➢ How will the model perform when noise is present or induced during and after data 

collection? 

➢ What will be the performance of the model if its functionality is transferred to another 

pollutant concentration? 

➢ What will be the best algorithm for predicting the air quality based on the given Data set? 
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3.4 BLOCK DIAGRAM: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Block diagram 
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CHAPTER 4 

WORKING AND DESIGN 

4.1 WORKING: 

Dataset 

The dataset used is airfiquality.csv taken from UCI repository. The data has been 

collected by the sensors embedded in an Air Quality Chemical Multi sensor Device. The dataset 

has 9358 instances and 15 attributes. Out of the 15 attributes, 14 are features and one is the target 

variable. The value attribute is float type that is the amount of C6H6 in air. The other 14 attributes 

are date type, time, other gases concentration in air, Temperature, Relative Humidity, Absolute 

Humidity. Some of the gasses which are not required are removed from the dataset and the date 

and time are also removed since they are not that important for analyzing the data.  

Data Pre-processing 

Data pre-processing is a data mining technique that involves transforming raw data into 

an understandable format. Real-world data is often incomplete, inconsistent, and/or lacking in 

certain behaviours or trends, and is likely to contain many errors. Data pre-processing is a proven 

method of resolving such issues. In pre-processing, we check for any missing values and perform 

normalization on numerical data in order to reduce range of values of variables if necessary. If 

all the attributes in the dataset are numerical, there is no need of any encoding.                                                  

The following are the various steps involved in data pre-processing: 

• Data Cleaning: The data can have many irrelevant and missing parts. To handle this 

part, data cleaning is done. It involves handling of missing data, noisy data etc. Noisy 

data is a meaningless data that can’t be interpreted by machines. It can be generated due 

to faulty data collection, data entry errors etc.  

• Data Integration: Data Integration is a data preprocessing technique that combines data 

from multiple sources and provides users a unified view of these data.  

• Data Transformation: This step is taken in order to transform the data in appropriate 

forms suitable for mining process. This involves following ways: Normalization, 

Attribute selection, Discretization etc. 
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• Data Reduction: While working with huge volume of data, analysis became harder in 

such cases. In order to get rid of this, we use data reduction technique. It aims to increase 

the storage efficiency and reduce data storage and analysis costs. It includes 

Dimensionality Reduction, Data Cube Aggregation, Numerosity Reduction etc. 

• Data Discretization: Discretization is the process of putting values into buckets so that 

there are a limited number of possible states. The buckets themselves are treated as 

ordered and discrete values. We can discretize both numeric and string columns. 

Attributes of the dataset are: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl No Attribute Description 

0 Date Date (DD/MM/YYYY) 

1 Time Time (HH.MM.SS) 

2 CO(GT) 
True hourly averaged concentration 

CO in mg/m^3 

3 PT08.S1(CO) 
PT08.S1 (tin oxide) hourly averaged 

sensor response 

4 NMHC(GT) 

True hourly averaged overall Non 

Metanic HydroCarbons concentration 

in microg/m^3 

5 C6H6(GT) 
True hourly averaged Benzene 

concentration in microg/m^3 

6 PT08.S2(NMHC) 
PT08.S2 (titania) hourly averaged 

sensor response 

7 NOx(GT) 
True hourly averaged NOx 

concentration in ppb 

8 PT08.S3(NOx) 
PT08.S3 (tungsten oxide) hourly 

averaged sensor response 

9 NO2(GT) 
True hourly averaged NO2 

concentration in microg/m^3 

10 PT08.S4(NO2) 
PT08.S4 (tungsten oxide) hourly 

averaged sensor response 

11 PT08.S5(O3) 
PT08.S5 (indium oxide) hourly 

averaged sensor response 

12 T Temperature in Â°C 

13 RH Relative Humidity (%) 

14 AH AH Absolute Humidity 
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➢ The training dataset is used for training the dataset and in a Neural Network (NN) it is 

used for adjusting the weight so that the model fits. The validation dataset is used to 

make sure that the model does not suffer from ³overfitting´ or ³underfitting´.  
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➢ The validation set is used to fine tune the model and increase the model's accuracy by 

testing it against the unseen dataset. In this project, a split validation technique is used 

for improving the accuracy of the model. 

 

➢ The Split validation operator randomly splits the training dataset into two separate sets 

called training and test dataset and then tries to evaluate the model. This is a nested 

operation and the operation keeps splitting the dataset into two random parts and 

estimates the performance of the model against the test data. This method is used for 

finding the optimal number of hidden layers to be used for the Neural Network (NN).  

 

➢ The test dataset is used finally after building the model to check the models predictive 

performance against unseen data. It also gives an estimate on the error rates of the 

final predictive model. 

 

4.2 PROPOSED FRAMEWORK: 

Benchmark Model: 

Benchmark is comparing the obtained result with the existing methods. A base model is 

taken that has moderate performance and any new methods introduced are compared with the 

benchmark model. The better performed model is considered. Comparisons could be made over 

a range of evaluation metrics on the different models trained using different algorithms. 

We are using Six regression algorithms to compare the accuracies: 

➢ Random forest regression 

➢ Linear regression 

➢ Bayesian linear regression 

➢ Ridge Regression 

➢ Lasso Regression 

➢ ElasticNet Regression 

 

We chose Random Forest algorithm for our model. This algorithm is more accurate, 

robust, and can handle a variety of data such as binary data, categorical data, and continuous 



AIR QUALITY PREDICTION USING MACHINE LEARNING. 

DEPT. OF CSE., GPCET Page 31 

data. Random Forest is nothing but multiple decision trees. 75% of the dataset is considered for 

the training. The training data is subjected to sampling and based on attribute sampling different 

decision trees are constructed by applying the Random Forest. 

 
➢ Over fitting is less in Random Forest because many decision trees are involved.  

➢ Less error in classification in RF 

➢ RF gives Better performance compared to Support Vector Machine, Decision Tree, 

Linear Regression.  

➢ Less Variance compared to Single Decision Treein RF. 

➢ RFis a highly flexible Algorithm.  

➢ The Minimum time is required for preprocessing the data. 

➢ RFis a very stable algorithm.  

➢ Even if we introduce a new dataset the performance is not affected and attribute Scaling 

is not required. 

 

4.3 OUTPUT PARAMETERS: 

➢ Root Mean Square Error (RMSE): 

The root mean squared error (RMSE) is the square root of the mean squared error 

between the predictions and observations, 

Higher the value of RMSE lesser the accuracy of SL methods, Lower the value of RMSE higher 

the accuracy. 
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CHAPTER 5 

EXPERIMENTAL RESULTS 

5.1 CODE: 

 

import pandas as pd 

import numpy as np  

import matplotlib.pyplot as plt 

import seaborn as sns 

 

# read .csv from provided dataset 

csv_filename="/content/sample_data/AirQualityUCI.csv" 

 

# df=pd.read_csv(csv_filename,index_col=0) 

df=pd.read_csv(csv_filename, sep=";" , parse_dates= ['Date','Time']) 

 

df.head() 

df.dropna(how="all",axis=1,inplace=True) 

df.dropna(how="all",axis=0,inplace=True) 

df.head() 

df.shape 

cols = list(df.columns[2:]) 

for col in cols: 

    if df[col].dtype != 'float64': 

        str_x = pd.Series(df[col]).str.replace(',','.') 

        float_X = [] 

        for value in str_x.values: 

            fv = float(value) 

            float_X.append(fv) 

            df[col] = pd.DataFrame(float_X) 

df.head() 

features=list(df.columns) 



AIR QUALITY PREDICTION USING MACHINE LEARNING. 

DEPT. OF CSE., GPCET Page 33 

features.remove('Date') 

features.remove('Time') 

features.remove('PT08.S4(NO2)') 

features.remove('C6H6(GT)') 

 

features 

X = df[features] 

y = df['C6H6(GT)'] 

X = X.fillna(X.mean()) 

y = y.fillna(y.mean()) 

from sklearn.model_selection import train_test_split, cross_val_score 

X_train, X_test, y_train, y_test = train_test_split(X,y, test_size=0.4, random_state=0) 

 

acc = [] 

model = [] 

 

from sklearn.ensemble import RandomForestRegressor 

from sklearn import datasets, metrics 

forest = RandomForestRegressor() 

forest.fit(X_train, y_train) 

  

# variance score: 1 means perfect prediction 

print('Variance score: {}'.format(forest.score(X_test, y_test))) 

x = forest.score(X_test, y_test) 

acc.append(x) 

model.append('Random forest regressor') 

print("Random forest regressor's Variancee score is: ", x*100) 

from sklearn.metrics import  mean_squared_error,r2_score 

y_train_pred = forest.predict(X_train) 

y_test_pred = forest.predict(X_test) 

print('MSE train: %.3f, test: %.3f' % ( 
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        mean_squared_error(y_train, y_train_pred), 

        mean_squared_error(y_test, y_test_pred))) 

print('R^2 train: %.3f, test: %.3f' % ( 

        r2_score(y_train, y_train_pred), 

        r2_score(y_test, y_test_pred))) 

 

from sklearn import datasets, linear_model, metrics 

# create linear regression object 

reg = linear_model.LinearRegression() 

  

# train the model using the training sets 

reg.fit(X_train, y_train) 

 

# variance score: 1 means perfect prediction 

print('Variance score: {}'.format(reg.score(X_test, y_test))) 

x =reg.score(X_test, y_test) 

acc.append(x) 

model.append('Linear regression') 

print("Linear regression's Variancee score is: ", x*100) 

 

from sklearn.metrics import  mean_squared_error,r2_score 

y_train_pred = reg.predict(X_train) 

y_test_pred = reg.predict(X_test) 

print('MSE train: %.3f, test: %.3f' % ( 

        mean_squared_error(y_train, y_train_pred), 

        mean_squared_error(y_test, y_test_pred))) 

print('R^2 train: %.3f, test: %.3f' % ( 

        r2_score(y_train, y_train_pred), 

        r2_score(y_test, y_test_pred))) 

 

from sklearn.metrics import r2_score 
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from sklearn.linear_model import BayesianRidge 

Bmodel = BayesianRidge() 

Bmodel.fit(X_train, y_train) 

 

print('Variance score: {}'.format(Bmodel.score(X_test, y_test))) 

x =Bmodel.score(X_test, y_test) 

acc.append(x) 

model.append('Bayesian linear regression') 

print("Bayesian linear regression's Variancee score is: ", x*100) 

 

from sklearn.metrics import  mean_squared_error,r2_score 

y_train_pred = Bmodel.predict(X_train) 

y_test_pred = Bmodel.predict(X_test) 

print('MSE train: %.3f, test: %.3f' % ( 

        mean_squared_error(y_train, y_train_pred), 

        mean_squared_error(y_test, y_test_pred))) 

print('R^2 train: %.3f, test: %.3f' % ( 

        r2_score(y_train, y_train_pred), 

        r2_score(y_test, y_test_pred))) 

from sklearn.linear_model import Ridge 

  

# Train the model 

ridgeR = Ridge(alpha = 1) 

ridgeR.fit(X_train, y_train) 

y_pred = ridgeR.predict(X_test) 

 

print('Variance score: {}'.format(ridgeR.score(X_test, y_test))) 

x =ridgeR.score(X_test, y_test) 

acc.append(x) 

model.append('Ridge Regression') 

print("Ridge Regression's Variancee score is: ", x*100) 
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from sklearn.metrics import  mean_squared_error,r2_score 

y_train_pred = ridgeR.predict(X_train) 

y_test_pred = ridgeR.predict(X_test) 

print('MSE train: %.3f, test: %.3f' % ( 

        mean_squared_error(y_train, y_train_pred), 

        mean_squared_error(y_test, y_test_pred))) 

print('R^2 train: %.3f, test: %.3f' % ( 

        r2_score(y_train, y_train_pred), 

        r2_score(y_test, y_test_pred))) 

from sklearn.linear_model import Lasso 

  

# Train the model 

lasso = Lasso(alpha = 1) 

lasso.fit(X_train, y_train) 

y_pred1 = lasso.predict(X_test) 

 

print('Variance score: {}'.format(lasso.score(X_test, y_test))) 

x =lasso.score(X_test, y_test) 

acc.append(x) 

model.append('Lasso Regression') 

print("Lasso Regression's Variancee score is: ", x*100) 

 

from sklearn.metrics import  mean_squared_error,r2_score 

y_train_pred = lasso.predict(X_train) 

y_test_pred = lasso.predict(X_test) 

print('MSE train: %.3f, test: %.3f' % ( 

        mean_squared_error(y_train, y_train_pred), 

        mean_squared_error(y_test, y_test_pred))) 

print('R^2 train: %.3f, test: %.3f' % ( 

        r2_score(y_train, y_train_pred), 
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        r2_score(y_test, y_test_pred))) 

 

from sklearn.linear_model import ElasticNet 

  

# Train the model 

e_net = ElasticNet(alpha = 1) 

e_net.fit(X_train, y_train) 

 

print('Variance score: {}'.format(e_net.score(X_test, y_test))) 

x =e_net.score(X_test, y_test) 

acc.append(x) 

model.append('ElasticNet Regression') 

print("ElasticNet Regression's Variancee score is: ", x*100) 

 

from sklearn.metrics import  mean_squared_error,r2_score 

y_train_pred = e_net.predict(X_train) 

y_test_pred = e_net.predict(X_test) 

print('MSE train: %.3f, test: %.3f' % ( 

        mean_squared_error(y_train, y_train_pred), 

        mean_squared_error(y_test, y_test_pred))) 

print('R^2 train: %.3f, test: %.3f' % ( 

        r2_score(y_train, y_train_pred), 

        r2_score(y_test, y_test_pred))) 

plt.figure(figsize=[10,5],dpi = 100) 

plt.title('Accuracy Comparison') 

plt.xlabel('variance score') 

plt.ylabel('Algorithm') 

sns.barplot(x = acc,y = model,palette='dark') 

 

for i in range(len(model)): 

print(model[i],"---->",acc[i]) 
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features =['CO(GT)', 

 'PT08.S1(CO)', 

 'NMHC(GT)', 

 'PT08.S2(NMHC)', 

 'NOx(GT)', 

 'PT08.S3(NOx)', 

 'NO2(GT)', 

 'PT08.S5(O3)', 

 'T', 

 'RH', 

 'AH'] 

data = np.array([[10,18, 30, 23, 0, 6.7, 1,56,54,65,67]]) 

prediction =reg.predict(data) 

print("The value of C6H6 is:",prediction[0]) 

 

list1=[] 

for i in features: 

  print("Enter ",i,":") 

  list1.append(float(input())) 

data = np.array([list1]) 

prediction = reg.predict(data) 

print("The value of C6H6 is:",prediction[0]) 
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5.2 OUTPUTS: 

 

Random Forest Classifier: 
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Linear Regression Model: 
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Bayesian Ridge Classifier Model: 
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Ridge Regression Model: 
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ElasticNet Regression Model: 
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Output Prediction: 
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CHAPTER 6 

CONCLUSION AND FUTURE SCOPE 

6.1 CONCLUSION: 

The regulation of air pollutant levels is rapidly becoming one of the most important tasks. 

It is important that people know what the level of pollution in their surroundings is and takes a 

step towards fighting against it. with the advancement of IoT infrastructures, big data 

technologies, and machine learning techniques, real-time air quality monitor and evaluation is 

desirable for future smart cities. This project reports our recent literature study, reviews and 

compares current research work on air quality evaluation based on big data analytics, machine 

learning models and techniques. we have developed efficient machine learning methods for air 

pollutant prediction. The proposed system will help common people as well as those in the 

meteorological department to detect and predict pollution levels and take the necessary action in 

accordance with that. Also, this will help people establish a data source for small localities which 

are usually left out in comparison to the large cities. First of all, for an accurate air quality 

prediction it is essential to capture as much relevant data as possible, including weather forecast 

data, air quality data, meteorological data, etc. Then, it is necessary to apply different techniques 

(e.g., PCA) to remove redundant data and to select representative subsets for further analysis. It 

is also important to mention that air quality prediction for a long temporal resolution is a 

challenging task, as the accuracy decreases with the increase of the prediction interval. Another 

essential aspect is time complexity; for example, methods based on neural network algorithms to 

train data, usually require a long time. 

Using all the suggested methods, they should be developed and tested using the same datasets. In 

this way, the results could be compared in a similar and fair scale. 

When tested on test data below are RMSE obtained from different algorithms: 

Random forest regressor  0.9999910357228338 

Linear regression   0.9993042353649735 

Bayesian linear regression  0.9993042058078183 

Ridge Regression   0.9993042336837517 

Lasso Regression   0.9992079947614211 

ElasticNet Regression   0.9992259854567803 

Hence Random Forest algorithm is selected for the prediction of RH using the features. 
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6.2 FUTURE SCOPE: 

This proposed work presents a hybrid approach to detects the C6H6 in the air. A 

limitation of this project was that models were not developed separately by season because of the 

limited data record. When more data are available, it could be worth investigating using separate 

models for different seasons. The number of hidden nodes were decided according to the initial 

training data and did not change in subsequent model updates because of limiting computational 

resources, resulting in fixed model complexity. As new data arrive, information on larger term 

variability, e.g. interannual or interdecadal variability, becomes available, but the fixed model 

complexity would not have the capacity to learn the additional structure in the data. If model 

complexity can be changed during the updating process, this may enhance the prediction skills. 
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ABSTRACT 

 

  

Title: Building ETL process for vendor management system 

 Description: The project is about creating an ETL (extract, transform, load) 

process for a given vendor management system and to construct a centralized data 

repository or data warehouse.  

This includes the following steps……………  

 Extracting data from multiple interdisciplinary sources  

 Transform the data based on the merchant requirements (includes certain 

transformations)  

 Loading the data into the data warehouse  

 To facilitate the vendor with the required objectives for facilitating with the 

required functionality for easy processing of data from different sources.  

 To facilitate the vendor with the required objectives with the required 

functionality for easy conversion of data and easy loading into required 

destination.  

 To facilitate the vendor with the required objectives with the required 

functionality for easy transformation of data as required by the vendor 

management system.  

 To store data and maintain data without any inconsistences.  

  

Expected results:  

A relationship between fact and dimension table will be established as shown in 

the above figure  

Software tools:  

 Informatica power centre  

 Oracle DB  

Domain: Data Warehousing  
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1. INTRODUCTION  
 

To transfer our data from a different form of resources to a data warehouse, we offer an ETL (Extract, 

Transform and Load) process that works effectively for data extraction, data transformation, and data 

loading. A data warehouse is a system that extracts, cleans, conforms, and delivers source data into 

a dimensional data store and then supports and implements querying and analysis for the purpose of 

decision making. The most visible part is querying and analysis. The most complex and time- 

consuming part is extracting, cleaning, conforming, and delivering. The most complex and time- 

consuming part is extracting, cleaning, conforming, and delivering.  

  

              Fig 1.1: Structure of ETL process flow 

  
 ETL PROCESS  

 

ETL stands for “extract, transform, and load.”  

The process of ETL plays a key role in data integration strategies. ETL allows businesses to gather 

data from multiple sources and consolidate it into a single, centralized location. ETL also makes it 

possible for different types of data to work together.  

BASIC TERMS USED IN DATA WAREHOUSING  
 

SQL (Structured query language): A standard language for creating, modifying, and querying an  

RDBMS.  
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Snowflake Schema: A common form of dimensional model. In this, number of hierarchies in a 

dimension can be extended into their individual dimensional tables.  

Dimension Table: A table that contains discrete values in a spreadsheet.  

  
Data Mining: The practice of identifying the relationship and pattern of set of data that involves 

various techniques.  

Relational Database Management System (RDBMS): A DBMS (database management system) 

in which data can be seen and manipulated in a tabular form. Data can be sorted in any order and 

tables of information are easily related or joined to each other.  

  
Relational Online Analytical Processing (ROLAP): OLAP software that employs a relational 

strategy to organize and store the data in its relationship database.  

  
OLAP: Online Analytical Processing (OLAP) is an online data recovery approach and its analysis 

to disclose the current trends and statistics of the business, which is not directly visible in the data 

that is retrieved from a data warehouse directly. This process is also known as multidimensional 

analysis.  

Fact Table: Structured by a composite key, each of whose objects is a foreign key extracted from a 

dimension table, a fact table is the central part in a star join schema.  

  
Extraction, Transformation and Loading (ETL) Tool: ETL Tool is a software that is used to 

extract data from a data source like a operational system or data warehouse, modify the data and 

then load it into a data mart, data warehouse or multi-dimensional data cube.  

  

Start Schema: A collection of dimensions joined together with a single fact table that is used to 

construct queries against a data warehouse.  

 NEED OF ETL PROCESS  
 

 Marketing companies that want to extract data from multiple client relationship management 

(CRM) solutions, transform all of the data into one format and load the formatted data into 

business intelligence applications that can reveal trends in consumer behaviours.  

https://azure.microsoft.com/en-us/services/data-factory/
https://azure.microsoft.com/en-us/services/data-factory/
https://azure.microsoft.com/en-us/services/data-factory/
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 Hospitals that want to extract patient data from legacy systems, transform the data into a 

format that the new system recognizes, and load the reformatted patient data into a single 

system that helps healthcare professionals make decisions that improve health outcomes.  

  
 Online retailers that serve customers through websites, apps, and other tools can pull data 

from all points of sale, transform the data into a standard format, and load the transformed 

data into applications that help them forecast demand and minimize churn.  

 Federal agencies that want to pull statistics from hundreds of local databases, separate the data 

into specific categories, and load to a national database so authorities can get an overhead view 

of common challenges in communities across the country.  

  
GOALS OF ETL PROCESS:  

 

 Locate specific types of data.  

 Separate data into a variety of categories.  

 Transform multiple data formats into a common format.  

 Add data to data analysis tools that use algorithms and artificial intelligence to identify trends.  

 Load data to visualization tools that turn enormous amounts of information into graphs that 

most people can understand. Here are the top ETL tools that could make users job easy with 

diverse features:  

  

 Hevo Data. Hevo Data is an easy learning ETL tool which can be set in minutes.  

 Informatica PowerCenter.  

 IBM InfoSphere DataStage.  

 Talend.  

 Pentaho.  

 AWS Glue.  

 StreamSets.  

 Blendo.  

There are many factors to consider when building ETL pipelines. Some examples include:  

  

 Changes to source data: Pipelines are designed around a defined data structure, or schema.  

From time to time the schema of a data source changes.  
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 Transformation dependencies: Pipelines typically involve multiple steps. Each step is 

dependent on the outcome of a prior step. For example, determining the closest warehouse for 

a customer first depends on accurately geocoding the customer’s address. When a step fails or 

produces an unexpected output. 

  

  

 

 Changes to pipelines: It is common for pipelines to evolve over time. As one step in a 

pipeline changes, it can impact other downstream steps. For example, a pipeline is 

enhanced to pull data from a third-party service that provides traffic data.  

   
 Error handling: Sometimes unforeseen issues can break a pipeline. For example, corrupt 

data, or network failures, may produce an error condition.  

   
 Performance tuning: As data size grows, and as processing steps increase, the total time to 

process a pipeline can become problematic. For example, when processing a pipeline takes 

so long that it cannot complete before the next update is scheduled to begin.  

 

Fig 1.2: Structure of different data sources transforming into data warehouse  

The Future of ETL:  

 

The ETL model has been in use for over 30 years — read data from different sources, apply 

transformations, then save the results in a different system for analytics. Companies increasingly 

distinguish between “long haul” ETL needs, the heavy lifting that can run multiple hours per job, 

and the “last mile” ETL that is more lightweight, but where latency is much more important, and 

where there tends to be a much broader range of needs that must be addressed. And, just as with 
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telco projects, the last mile can dominate the end-to- end costs of moving data. Modern hardware 

and distributed processing create new models for delivering “last mile” ETL.  

  

  

  

 
  

Fig 1.3: Structure of steps of transformation in each major division  

 

Fig 1.4: Structure of ETL vs ELT  
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                        2. LITERATURE SURVEY 

  
ETL process can be obtained by different techniques and different methodologies. Some of the 

important ETL methodologies are logical extraction method and physical extraction method. To 

know more about ETL processes. Following literature survey has done.  

  
I. Sonali Vyas & Pragya Vaishnav proposed a ETL process technique in the paper “A 

Comparative study of various ETL process and their testing techniques in data 

warehouse”  

In this paper few logical and physical extractions are proposed. Data warehousing is 

important. It facilitates the analysis of business processes in an efficient way by putting all 

your important data in one easily accessible location. To achieve this, organizations must 

integrate, rearrange and consolidate large amounts of data across multiple systems. This 

process is referred to as ETL, or extraction, transformation, and loading. ETL is a complex 

system of processes that is achieved in three simple steps. It is a complex combination of 

process and technology. ETL also takes too much time and expensive process, which can 

leave decision makers in industrial organizations waiting for the critical data they need to 

make decisions and carry out their operations. ETL process does not transfer the required 

orders to the order release system in time, and then the end result could be that there are 

delays while the assembly line waits for the parts to be available.  

II. Priyanshu Gupta presented a paper “Data warehousing And ETL Processes:  

An Explanatory Research”  

In this paper, the author has focused on explaining Data Warehousing and the involved ETL 

processing. The focus has also been laid on the importance and significance of Data 

Warehousing for an organization. This paper attempts to describe an approach used for the 

migration of historical and current data of an organization to a Data Warehousing (DW) 

product. So, this study will be substantially fruitful for understanding the concept of DW.  

  

III. “Data quality in ETL process: A preliminary study” ManelSouibgui, FatenAtigui,  

SamiraCherfi, SalouaZammali, Sadok BenYahia  



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 7  

The accuracy and relevance of Business Intelligence & Analytics (BI&A) rely on the ability 

to bring high data quality to the data warehouse from both internal and external sources using 

the ETL process. The latter is complex and time-consuming as it manages data with 

heterogeneous content and diverse quality problems. Ensuring data quality requires tracking 

quality defects along the ETL process. In this paper, they presented the main ETL quality 

characteristics. They provide an overview of the existing ETL process data quality 

approaches. They also presented a comparative study of some commercial ETL tools to show 

how much these tools consider data quality dimensions. To illustrate their study, their carried 

out experiments using an ETL dedicated solution (Talend Data Integration) and a data quality 

dedicated solution (Talend Data Quality). Based on their study, we can identify and discuss 

quality challenges to be addressed in our future research.  

  
IV. “Modeling of ETL-Processes and Processed Information in Clinical Data Warehousing” 

Erik Tute, Jochen Steiner  

In this paper, to support management and maintenance of processes extracting, transforming 

and loading (ETL) data into CDWHs as well as to ease reuse of metadata between regular 

IT-management, CDWH and secondary data users by providing a modeling approach. Expert 

survey and literature review to find requirements and existing modeling techniques. An ETL- 

modeling-technique was developed extending existing modeling techniques. Evaluation by 

exemplarily modeling existing ETL-process and a second expert survey. The developed 

approach can help in management and maintenance of ETL-processes and could serve as 

interface between regular IT-management, CDWH and secondary data users.  

  
V. “Data Warehousing Methods and Techniques: A Survey of Literature to Identify 

Current Research Needs” Deepak Asrani, Renu Jain  

Data warehousing systems are backbone of decision making process for large business 

organizations. These systems provide strong platform for informed decision making in the 

current age of globalization and competitive environment. Effectiveness of data warehousing 

systems that are being developed is the result of continuous evolution and advancement in 

the technology. In this paper they have tried to present outcome of thorough reference of 

details of research efforts put up by various research groups in key areas of the technology 

like data warehouse modelling & design, ETL process designing, Business Intelligence (BI).  
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      3. SYSTEM ANALYSIS  

EXISTING SYSTEM:  

 

In a traditional ETL pipeline, you process data in batches from source databases to a data 

warehouse. It’s challenging to build an enterprise ETL workflow from scratch, so you typically rely 

on ETL tools such as Stitch or Blendo, which simplify and automate much of the process. But all these 

have some disadvantages for that purpose new ETL processes has been developing in recent years.   
1) To build an ETL pipeline with batch processing, you need to:  

   

i. Create reference data: create a dataset that defines the set of permissible values your data 

may contain. For example, in a country data field, specify the list of country codes allowed. 

ii. Extract data from different sources: the basis for the success of subsequent ETL steps is 

to      extract data correctly. Take data from a range of sources, such as APIs, non/relational 

databases, XML, JSON, CSV files, and convert it into a single format for standardized 

processing.  

iii. Validate data: Keep data that have values in the expected ranges and reject any that do 

not. For example, if you only want dates from the last year, reject any values older than 12 

months. Analyse rejected records, on an on-going basis, to identify issues, correct the 

source data, and modify the extraction process to resolve the problem in future batches.  

iv. Transform data: Remove duplicate data (cleaning), apply business rules, check data 

integrity (ensure that data has not been corrupted or lost), and create aggregates as 

necessary. For example, if you want to analyse revenue, you can summarize the dollar 

amount of invoices into a daily or monthly total. You need to program numerous functions 

to transform the data automatically.  

v. Stage data: You do not typically load transformed data directly into the target data 

warehouse. Instead, data first enters a staging database which makes it easier to roll back if 

something goes wrong. At this point, you can also generate audit reports for regulatory 

compliance, or diagnose and repair data problems.  

vi. Publish to your data warehouse: Load data to the target tables. Some data warehouses 

overwrite existing information whenever the ETL pipeline loads a new batch - this might 

happen daily, weekly, or monthly. In other cases, the ETL workflow can add data without 

overwriting, including a timestamp to indicate it is new. You must do this carefully to 



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 9  

prevent the data warehouse from “exploding” due to disk space and performance 

limitations.  

2. Building an ETL Pipeline with Stream Processing:  

 

Modern data processes often include real-time data, such as web analytics data from a large e- 

commerce website. In these cases, you cannot extract and transform data in large batches but instead, 

need to perform ETL on data streams. Thus, as client applications write data to the data source, you 

need to clean and transform it while it’s in transit to the target data store.  

  
Many stream processing tools are available today - including Apache Samza, Apache Storm, and  

Apache Kafka. The diagram below illustrates an ETL pipeline based on Kafka, described by 

Confluent: 

 

  

  

Fig: 3.1: Stream processing ETL pipeline with Kafka 

  
To build a stream processing ETL pipeline with Kafka, you need to:  

   

i. Extract data into Kafka: the Confluent JDBC connector pulls each row of the source table 

and writes it as a key/value pair into a Kafka topic (a feed where records are stored and 

published). Applications interested in the state of this table read from this topic. As client 

applications add rows to the source table, Kafka automatically writes them as new messages 

to the Kafka topic, enabling a real-time data stream. Note you can implement a database 

connection yourself without Confluent’s commercial product.  
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ii. Pull data from Kafka topics: the ETL application extracts messages from the Kafka topic 

as Avro records, creates an Avro schema file, and deserializes them. Then it creates KStream 

objects from the messages.  

iii. Transform data in KStream objects: with the Kafka Streams API, the stream processor 

receives one record at a time, processes it, and produces one or more output records for 

downstream processors. These processors can transform messages one at a time, filter them 

based on conditions, and perform data operations on multiple messages such as aggregation 

iv.  Load data to other systems: the ETL application still holds the enriched data, and now 

needs to stream it into target systems, such as a data warehouse or data lake. In Confluent’s 

example, they propose using their S3 Sink Connector to stream the data to Amazon S3. You 

can also integrate with other systems such as a Redshift data warehouse using Amazon 

Kinesis.  

PROPOSED SYSTEM:  

 

Informatica PowerCenter is a widely used extraction, transformation and loading (ETL) tool used in 

building enterprise data warehouses. The components within Informatica PowerCenter aid in 

extracting data from its source, transforming it as per business requirements and loading it into a 

target data warehouse. Informatica PowerCenter is produced by Informatica Corp. The main 

components of Infromatica PowerCenter are its client tools, server, repository server and repository. 

The PowerCenter server and repository server make up the ETL layer, which completes the ETL 

processing. The PowerCenter server executes tasks based on work flow created by work flow 

managers. The work flows can be monitored using a work flow monitor. Jobs inside the program are 

designed in a mapping designer, which creates mapping between source and target. Mapping is a 

pictorial representation about flow of data from source to target. Transformations such as 

aggregation, filtering and joining are major examples of transformation. Here, we are applying ETL 

process for Vendor Management System. Based on the requirement analysis of vendor, we are 

transforming the different data sources of client details, vendor details and vendor required details 

are transformed accordingly and loading them into data warehouse making user friendly for 

analysing, extracting the required data.  



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 11  

  

 

4. SYSTEM SPECIFICATIONS 
  

HARDWARE REQUIREMENTS  
  

 Processor     : i5 and above 

 Disk             : 1TB 

 Monitor        : 15 VGA Colour 

 Mouse          : Logitech 

 Ram              : 8GB or above 

 

 

SOFTWARE REQUIREMENTS  
 

 Operating System: Windows (Any version) 

 Database               : Oracle 

 Software                : Informatica PowerCentre 

 

Advantages of this proposed method:  

 Access to wide range of enterprise data sources.  

 Parallel processing and Load balancing.  

 Multiple rows return.  
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      5. SYSTEM DESIGN 

SYSTEM ARCHITECTURE  

  

Fig 5.1: System Architecture  

  
 

  

 
Fig: 5.2: Dataflow diagram allowing transformations 
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Figure 5.3: Internal Architecture  
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UML DIAGRAMS  

UML stands for Unified Modeling Language. UML is a standardized general-purpose 

modeling language in the field of object-oriented software engineering. The standard is managed, 

and was created by, the Object Management Group.  

The goal is for UML to become a common language for creating models of object oriented computer 

software. In its current form UML is comprised of two major components: a Meta- model and a 

notation. In the future, some form of method or process may also be added to; or associated with,  

UML.  

The Unified Modeling Language is a standard language for specifying, Visualization, 

Constructing and documenting the artifacts of software system, as well as for business modeling 

and other non-software systems.  

The UML represents a collection of best engineering practices that have proven successful in the 

modeling of large and complex systems.  

The UML is a very important part of developing objects oriented software and the software 

development process. The UML uses mostly graphical notations to express the design of software 

projects.  

GOALS  

The Primary goals in the design of the UML are as follows:  

1. Provide users a ready-to-use, expressive visual modeling Language so that they can develop 

and exchange meaningful models.  

2. Provide extendibility and specialization mechanisms to extend the core concepts.  

3. Be independent of particular programming languages and development process.  

4. Provide a formal basis for understanding the modeling language.  

5. Encourage the growth of OO tools market.  

6. Support higher level development concepts such as collaborations, frameworks, patterns 

and components.  

Integrate best practices.  

CLASS DIAGRAM:  

In software engineering, a class diagram in the Unified Modeling Language (UML) is a type 

of static structure diagram that describes the structure of a system by showing the system's classes, 

their attributes, operations (or methods), and the relationships among the classes. It explains which 

class contains information.  
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Fig 5.4: Class Diagram: user login 

  

  

USE CASE DIAGRAM:  

A use case diagram in the Unified Modeling Language (UML) is a type of behavioural 

diagram defined by and created from a Use-case analysis. Its purpose is to present a graphical 

overview of the functionality provided by a system in terms of actors, their goals (represented as 

use cases), and any dependencies between those use cases. The main purpose of a use case diagram 

is to show what system functions are performed for which actor. Roles of the actors in the system 

can be depicted.  

 
  

Fig 5.5: Use Case diagram: Functionality 
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ACTIVITY DIAGRAM:  

Activity diagrams are graphical representations of workflows of stepwise activities and 

actions with support for choice, iteration and concurrency. In the Unified Modeling Language, 

activity diagrams can be used to describe the business and operational step-by-step workflows of 

components in a system. An activity diagram shows the overall flow of control.  

 
    

Fig 5.6: Activity diagram: Client applications 

SEQUENCE DIAGRAM:  

A sequence diagram in Unified Modeling Language (UML) is a kind of interaction diagram 

that shows how processes operate with one another and in what order. It is a construct of a Message 

Sequence Chart. Sequence diagrams are sometimes called event diagrams, event scenarios, and 

timing diagrams.  
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Fig 5.7: Sequence diagram: Process flow 
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6. INPUT AND OUTPUT DESIGN  

INPUT DESIGN  

The input design is the link between the information system and the user. It comprises the 

developing specification and procedures for data preparation and those steps are necessary to put 

transaction data in to a usable form for processing can be achieved by inspecting the computer to 

read data from a written or printed document or it can occur by having people keying the data 

directly into the system. The design of input focuses on controlling the amount of input required, 

controlling the errors, avoiding delay, avoiding extra steps and keeping the process simple. The 

input is designed in such a way so that it provides security and ease of use with retaining the privacy.  

Input Design considered the following things:  

 Data should be given as input.  

 Data should be arranged or coded.  

 The dialog to guide the operating personnel in providing input.  

 Methods for preparing input validations and steps to follow when error occur.  

OBJECTIVES  

1. Input Design is the process of converting a user-oriented description of the input into 

a computer-based system. This design is important to avoid errors in the data input process 

and show the correct direction to the management for getting correct information from the 

computerized system.  

2. It is achieved by creating user-friendly screens for the data entry to handle large volume 

of data. The goal of designing input is to make data entry easier and to be free from errors. 

The data entry screen is designed in such a way that all the data manipulates can be 

performed. It also provides record viewing facilities.  

3. When the data is entered it will check for its validity. Data can be entered with the help 

of screens. Appropriate messages are provided as when needed so that the user will not be 

in maize of instant. Thus the objective of input design is to create an input layout that is 

easy to follow  

OUTPUT DESIGN  

A quality output is one, which meets the requirements of the end user and presents the 

information clearly. In any system results of processing are communicated to the users and to other 

system through outputs. In output design it is determined how the information is to be displaced for 

immediate need and also the hard copy output. It is the most important and direct source information 
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to the user. Efficient and intelligent output design improves the system’s relationship to help user 

decision-making.  

1. Designing computer output should proceed in an organized, well thought out manner; the right 

output must be developed while ensuring that each output element is designed so that people will 

find the system can use easily and effectively. When analysis design computer output, they 

should Identify the specific output that is needed to meet the requirements.  

2. Select methods for presenting information.  

3. Create document, report, or other formats that contain information produced by the system. The 

output form of an information system should accomplish one or more of the following objectives.  

 Convey information about past activities, current status or projections of the Future.  

 Signal important events, opportunities, problems, or warnings.  

 Trigger an action 

 Confirm an action.   
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  7. SOFTWARE ENVIRONMENT 

  

INFORMATICA POWERCENTRE:  

Informatica PowerCenter is a widely used extraction, transformation and loading (ETL) tool used in 

building enterprise data warehouses.  

  
The components within Informatica PowerCenter aid in extracting data from its source, transforming 

it as per business requirements and loading it into a target data warehouse.  

Informatica PowerCenter is produced by Informatica Corp.  

  
The main components of Infromatica PowerCenter are its client tools, server, repository server and 

repository. The PowerCenter server and repository server make up the ETL layer, which completes 

the ETL processing.  

  

The PowerCenter server executes tasks based on work flow created by work flow managers. The 

work flows can be monitored using a work flow monitor. Jobs inside the program are designed in a 

mapping designer, which creates mapping between source and target. Mapping is a pictorial 

representation about flow of data from source to target. Transformations such as aggregation, 

filtering and joining are major examples of transformation.  

Informatica, over the years, has been the leader in data integration technology, but it does make us 

curious as to why is there so much buzz around Informatica and most importantly what is 

Informatica!  

  

Informatica and its usage: 

Informatica has several products focused on data integration. However, Informatica PowerCenter is 

the flagship product in the portfolio. It has become so popular that Informatica PowerCenter has now 

become synonymous to Informatica. So whenever I use Informatica in the blog now, it essentially 

means Informatica PowerCenter. Informatica is a data integration tool based on ETL architecture. It 

provides data integration software and services for various businesses, industries and government 

organizations including telecommunication, health care, financial and insurance services. Let’s take 

a look at some key metrics to understand why it is the leader in the data integration technology.  
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Informatica Key Metrics:  

Following are a few stats that reflect the growth in the demand for Informatica certification quite 

accurately:  

  

• 2015 Revenue : $1.06 billion, more than the combined revenue of Abinitio, datastage, SSIS, 

and other ETL tools  

• 7-year Annual CAGR: 30%  

• Partners : 450+  

• Major SI, ISV, OEM and On-Demand Leaders  

• Customers: Over 5,000  

• Customers in 82 countries & direct Presence in 28 countries  

• # 1 in customer loyalty rankings, 7 years in a row  

  
The above indicator clearly establishes the fact that there is a great demand for Informatica across 

the globe. But it is equally important to understand what kind of problem Informatica solves and are 

those problems critical to a business enterprise. To understand what is Informatica and its 

importance, we must first understand the following 3 things:  

  

• Context in which Data Integration is used.  

•  ETL justification  

• Informatica and its real-life application  

  
Context of Data Integration 

Every company nowadays processes a huge set of data. They come from varied sources and needs to 

be processed to give insightful information for making business decisions. But quite often such data 

has following challenges:  

  

• Large companies with lots of data: Such huge chunk of data can be in any format. They would 

be available in multiple databases and many unstructured files.  

• This data must be collated, combined, compared, and made to work as a seamless whole. But 

the different databases don’t communicate well!  

• Many organizations have implemented interfaces between these databases:  

 Every pair of databases requires a unique interface 

https://www.edureka.co/informatica
https://www.edureka.co/informatica
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  If you change one database, many interfaces may have to be upgraded  

  
Fig: 7.1 Different Databases 

  
Fig: 7.2 Different Interface 

Data Integration is the solution for all such problems. Data Integration technologies allow data from 

different databases and formats to communicate with each other.  

  

  

  

                 
      

Fig: 7.3 Data Integration 

But there are different architecture in data integration technology. Informatica uses the Extract,  
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Transform & Load (ETL) architecture which is the most popular architecture to perform data 
integration. So it is imperative that we understand what ETL is and how Informatica performs ETL to 
solve such business problems.  

  

ETL process  

ETL is a type of data integration and involves an architecture that extracts, transforms, and then loads 

data in the target database or file. It is the foundation of data warehouse.  

  

An ETL system does the following:  

  
• Extracts data from source systems  

• Transforms and cleans up the data  

• Indexes data  

• Summarizes data  

• Loads data into the warehouse  

• Tracks changes made to the source data required for the warehouse  

• Restructures keys  

• Maintains the metadata  

• Refreshes the warehouse with updated data  

   

We have understood what is ETL and the ETL process, we are now in a better position to appreciate 

why Informatica is the best solution in such cases. We will also understand what are the typical real life 

scenario wherein Informatica can come very handy.  

 

 

 

 

 

 

 

 



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 24  

 

 

 

 

 

 

 

 

  

 

Fig: 7.4.1 ETL steps 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                       

 

 

Fig: 7.4.2 ETL step 2 
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Fig: 7.4.3 ETL step 3 

 

 
Fig: 7.4.4 ETL step 4 
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Use of Informatica ETL tool:  

Informatica PowerCenter is a premium data integration solution available today. The reason it 

provides the best solution in large enterprises is because it is:  

  

• Database neutral and hence can communicate with any database  

• The most powerful data transformations tool. It converts one application’s data to another’s 

format  

  

                
Fig: 7.5 PowerCentre usages 

  

Moving on what is Informatica, let us understand how Informatica performs ETL.  

  

How Informatica performs ETL:  

ETL: Extract  

  

• PowerCenter reads data, row by row, from a table (or group of related tables) in a database, 

or from a file  

• This database or file is referred to as the source. The structure of the source is contained in a 

source definition object.  

  

  



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 27  

 
Fig: 7.6 Extraction 

  

ETL: Transform  

• Informatica PowerCenter converts the rows into a format the second (target) system will be 

able to use  

• The logic for this conversion is defined in transformation objects  

  

  

                                                  
Fig: 7.7 Transformation 

ETL: Load  

  

• Informatica PowerCenter writes data, row by row, to a table (or group of related tables) in a 

database, or to a file  

• This database or file is referred to as the target  

• The structure of the target is contained in a target definition object  

  

  

   
Fig: 7.8 Loading 

  

Real-time applications of Informatica:  

The typical scenarios in which Informatica is used:  

  

Informatica tool for Data Migration:  

A company purchases a new accounts payable application. PowerCenter can move the existing 

account data to the new application. Informatica preserves data lineage for tax, accounting, and other 

legally mandated purposes  



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 28  

  

                                      
Fig: 7.9 Transforming into modern database 

Informatica tool for Application Integration:  

Company a purchases Company B. So to achieve the benefits of consolidation, Company B’s billing 

system must be integrated into Company A’s billing system which can be easily done by Informatica  

  

                                    
Fig: 7.10 Transforming into new bill system 

Informatica tool for Data warehousing  
 

Typical actions required in data warehouses are:  

 Data warehouses put information from many sources together for analysis  

 Data is moved from many databases to the Data warehouse  

All the above typical cases can be easily performed using Informatica  

          

 

Fig: 7.11 Different databases to one data warehouse data transformation 

Informatica tool for Middleware  

Informatica can connect a variety of sources, including most of the Application Sources.  

  
• SAP certified Data Integration tool  

• Can pull and push data into SAP R3, SAP BW systems  

• Have connectivity adapter for majority of the Application Sources  

  
It can also be used as middleware between two applications like SAP R3, SAP BW etc.  
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Fig: 7.12 Data flow diagram 

  

   

ORACLE DATABASE TECHNOLOGIES:  

 

Oracle Database 10c, also available for production use today as an innovation release, provides an 

early insight into the many enhancements and new capabilities. These include improved multimodel 

support through in-database JavaScript and native block chain tables, and multiworkload 

improvements such as AutoML and sharding enhancements that will be incorporated into future long 

term releases.  

Why choose oracle database for all our works:  

Reduce operational costs by up to 90%  

Reduce the costs of managing, securing, and maintaining your Oracle databases with machine 

learning-driven automation. Provision, scale and tune, protect and patch, and repair the database— 

all automatically without user intervention.  

Guard against data breaches  
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 Assess, detect, and prevent data security threats with Oracle database security solutions for encryption, 

key management, data masking, privileged user access controls, activity monitoring, and auditing. 

Reduce the risk of a data breach and simplify and accelerate compliance.  

Deploy where you need to  

 Deploy Oracle Database wherever required—in your data center, public cloud, or private cloud. This 

offers the flexibility between deployment in your data center when residency or latency are critical, or 

in the cloud when you want to take advantage of scalability and the broadest set of capabilities.  

SQL (Structured Query Language):  
  

DEFINITION: Structured Query Language (SQL) is a programming language designed to get 

information out of and put it into a relational database. Queries are constructed from a command 

language that lets you select, insert, update and locate data. SQL is both an American National 

Standards Institute and International Standards Organization standard, although many databases 

support SQL with proprietary extensions.  

  

The primary vehicle used for querying, reading and updating relational databases is a language called 

Structured Query Language, or SQL (generally pronounced sequel). Designed for asking questions 

about information in a database, SQL isn't a procedural language like traditional choices such as 

FORTRAN, Basic, C or COBOL, in which you write a procedure that performs one operation after 

another in a predefined sequence until the task is done. The procedure may be linear, loop back on 

itself or jump to another point or procedure. In any case, the programmer specifies the order of 

execution.  

   
With SQL, however, you tell the system only what you want. It's up to the database management 

system to analyse the query against its own structures and figure out what operations it needs to 

perform to retrieve the information.  

   
SQL is so pervasive and fundamental to accomplishing any work involving a database that virtually 

every application or development tool today, no matter what its own interface looks like, ends up 

translating queries and other commands into SQL.  

Thus, a visual programming tool for developing database-enabled applications may have an appealing,    

object-oriented graphical interface. But once the programming is done, the system will convert all the 
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underlying database calls and commands into SQL. This simplifies the integration of front-end and 

back-end systems, especially in multi-tiered client/ server applications. The only major exception to 

this rule is with object-oriented databases, whose structure and architecture may not be relational.  

SQL lets you access and manipulate databases. SQL became a standard of the American National 

Standards Institute (ANSI) in 1986, and of the International Organization for Standardization (ISO) 

in 1987. SQL can execute queries against a database. SQL can retrieve data from a database. SQL 

can insert records in a database. SQL can update records in a database. SQL can delete records from 

a database. SQL can create new databases. SQL can create new tables in a database. SQL can create 

stored procedures in a database. SQL can create views in a database. SQL can set permissions on 

tables, procedures, and views.  

SQL is a Standard - BUT....  

  

Although SQL is an ANSI/ISO standard, there are different versions of the SQL language. However, 

to be compliant with the ANSI standard, they all support at least the major commands (such as 

SELECT, UPDATE, DELETE, INSERT, WHERE) in a similar manner. Most of the SQL database 

programs also have their own proprietary extensions in addition to the SQL standard!  

Using SQL in Your Web Site  

  

To build a web site that shows data from a database, you will need  

 An RDBMS database program (i.e. MS Access, SQL Server, MySQL)  

To use a server-side scripting language, like PHP or ASP  

To use SQL to get the data you want  

To use HTML / CSS to style the page  

RDBMS (Relational Database Management System):  
  

RDBMS stands for Relational Database Management System. RDBMS is the basis for SQL, and for 

all modern database systems such as MS SQL Server, IBM DB2, Oracle, MySQL, and Microsoft 

Access. The data in RDBMS is stored in database objects called tables. A table is a collection of 

related data entries and it consists of columns and rows. Every table is broken up into smaller entities 

called fields. The fields in the Customers table consist of Customer ID, Customer Name, Contact 

Name, Address, City, Postal Code and Country. A field is a column in a table that is designed to 

maintain specific information about every record in the table. A record, also called a row, is each 



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 32  

individual entry that exists in a table. For example, there are 91 records in the above Customers table. 

A record is a horizontal entity in a table. A column is a vertical entity in a table that contains all 

information associated with a specific field in a table.  

In a relational database, data is separated into sets that are stored in one or more tables with the 

familiar row-and-column structure. Relational databases can quickly retrieve separate data items 

from different tables and return them to the user, or to an application, as a single unified collection 

of data called the result. Because the various items can be grouped according to specific relationships 

(such as the relationship of an employee's name to an employee's location or sales performance), the 

relational database model gives the database designer a great deal of flexibility in describing the 

relationships between data elements for any specific system. One further result is that the user may 

gain a greater understanding of the information in the database.   
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8. IMPLEMENTATION  

MODULES  

 Repository Manager  

 PowerCentre Designer  

  Workflow Manager  

 Workflow Monitor  

   

REPOSITORY MANAGER 

  

Informatica PowerCenter Repository Manager  

Informatica PowerCenter Repository Manager is a GUI based Administrative client component, 

which allows user to create new domains and used to organize the Meta data stored in the 

Repository. Folders in Repository are used to organize the Meta data. Informatica user can navigate 

through multiple folders and repositories and can perform the following tasks:  

  

Manage user and group permissions: Assign and revoke folder and global object permissions.  

Perform folder functions: Can Create, edit, copy, and delete folders. Every Work that performed 

in Informatica PowerCenter Designer and Workflow Manager is stored in folders. If you want to 

share metadata, you can configure a folder to be shared.  

View metadata: Analyse sources, targets, mappings, and shortcut dependencies, search by 

keyword, and view the properties of PowerCenter repository objects.  

Informatica PowerCenter Repository Manager Screen consists of 4 windows they are Status 

Bar: It shows the status.  

Navigator: Navigator displays all objects that you create in the Repository Manager, the Designer, 

and the Workflow Manager. It is organized first by repository and by folder.  

Main: Provides properties of the object selected in the Navigator. The columns in this window 

change depending on the object selected in the Navigator.  

Output: Provides the output of tasks executed within the Repository Manager.  

Informatica PowerCenter Repository Objects.  

You create PowerCenter repository objects using the Designer and Workflow Manager client tools. 

You can view the following objects in the Navigator window of the Repository Manager:  
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Source definitions: Definitions of database objects such as tables, views, synonyms, or files that 

provide source data. Target definitions: Definitions of database objects or files that contain the 

target data.  

Mappings: A set of source and target definitions along with transformations containing business 

logic that you build into the transformation. These are the instructions that the Integration Service 

uses to transform and move data.  

  

Reusable transformations: Transformations that you use in multiple mappings.  

   

Mapplets: A set of transformations that you use in multiple mappings.  

  

Sessions and workflows: Sessions and workflows store information about how and when the 

Integration Service moves data. A workflow is a set of instructions that describes how and when to 

run tasks related to extracting, transforming, and loading data.  

.  

POWERCENTRE DESIGNER  

 

A mapping consists of following set of objects  

Source Definition - Source definition defines the structure and characteristic of the source, its 

underlying data types, type of the data source, etc.  

Transformation - Transformation objects define how the source data is transformed, and various 

functions can be applied during the process  

Target Definition - Target definition defines the final target where the data will be loaded.  

Links - Links connect the source definition to different transformations and target tables. It defines 

how the data flows from source to target and the transformations.  

  

  

Mapping is an object in Informatica with the help of which you can define how the source data is 

modified before it reaches the destination or target object. Like if you have employee name as "Bill 

Clinton" in your source system and in the target system the requirement is to have employee name 
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in the format as "Clinton Bill", such operations can be designed at the mapping level. In basic terms, 

what you do with the source data is defined at the mapping level.  

  

  

Mapping is the basic Informatica object with the help of which we can define the data transformation 

details and source/target object characteristics. Mappings help us to define the data transformation 

at the individual column levels for each row. Even in a single mapping you can handle multiple 

sources and targets.  

.  

 WORKFLOW MANAGER  
  

 In the Workflow Manager, you define a set of instructions to execute tasks such as sessions, emails, 

and shell commands. This set of instructions is called a workflow.  

The Workflow Manager has the following tools to help you develop a workflow:  

Task Developer. Create tasks you want to accomplish in the workflow.  

Worklet Designer. Create a worklet in the Worklet Designer. A worklet is an object that groups a 

set of tasks. A worklet is similar to a workflow, but without scheduling information. You can nest 

worklets inside a workflow.  

Workflow Designer. Create a workflow by connecting tasks with links in the Workflow Designer. 

You can also create tasks in the Workflow Designer as you develop the workflow.  

When you create a workflow in the Workflow Designer, you add tasks to the workflow. The 

Workflow Manager includes tasks, such as the Session task, the Command task, and the Email task 

so you can design a workflow. The Session task is based on a mapping you build in the Designer.  

You then connect tasks with links to specify the order of execution for the tasks you created. Use 

conditional links and workflow variables to create branches in the workflow.  

When the workflow start time arrives, the Integration Service retrieves the metadata from the 

repository to execute the tasks in the workflow. You can monitor the workflow status in the 

Workflow Monitor.  

The encrypted image is divided into the same block length of Blowfish algorithm from top to 

bottom. The first block is entered to the decryption function and the same encryption key is used to 
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decrypt the image but the application of sub keys is reversed. The process of decryption is continued 

with other blocks of the image from top to bottom.  

WORKFLOW MONITOR  

  

You can monitor workflows and tasks in the Workflow Monitor. You can view details about a 

workflow or task in Gantt chart view or Task view. You can run, stop, abort, and resume workflows 

from the Workflow Monitor. You can view sessions and workflow log events in the Workflow 

Monitor Log Viewer.  

The Workflow Monitor displays workflows that have run at least once. The Workflow Monitor 

continuously receives information from the Integration Service and Repository Service. It also 

fetches information from the repository to display historic information. The Workflow Monitor 

consists of the following windows:  

  
Navigator window. Displays monitored repositories, servers, and repositories objects.  

Output window. Displays messages from the Integration Service and Repository Service.  

Time window. Displays progress of workflow runs.  

Gantt chart view. Displays details about workflow runs in chronological format.  

Task view. Displays details about workflow runs in a report format.  

Source code:  
Select * from cdw_sapp_f_part_fact_892832  

Select * from cdw_sapp_d_customer_892832  

Select * from cdw_sapp_d_geography_892832  

Select * from cdw_sapp_d_part_892832  

Select * from cdw_sapp_d_vendor_parts_892832  



  
ETL PROCESS FOR VENDOR MANAGEMENT SYSTEM  

  

 CSE DEPT GPCET  Page 37  

Select * from cdw_sapp_d_vendors_892832  

  

 
  

Create table FLAT_CUSTOMER_TEAM1 (FIRST_NAME Varchar2 (40) NOT NULL,  

MIDDLE_NAME Varchar2 (40), LAST_NAME Varchar2 (40), SSN Varchar2 (9) NOT NULL,  

APT_NO Varchar2 (7), STREET_NAME Varchar2 (30), CUST_CITY Varchar2 (30) NOT NULL,  

CUST_STATE Varchar2 (30), CUST_COUNTRY Varchar2 (30), CUST_ZIP NUMBER (7),  

CUST_PHONE Varchar2 (10), CUST_EMAIL Varchar2 (40));  

  

Create table FLAT_VENDORS_TEAM1 (Vendor_NAME Varchar2 (40) NOT NULL,  

VENDOR_SSN varchar2 (9) NOT NULL, APT_NO Varchar2 (7),  

Vendor_streetname Varchar2 (40), Vendor_CITY Varchar2 (20) NOT NULL,  

Vendor_STATE Varchar2 (20), Vendor_COUNTRY Varchar2 (20), Vendor_ZIP varchar2 (7),  

Vendor_EMAIL Varchar2 (30), Vendor Phone Varchar2 (10));  

  
Create table FLAT_Geography_TEAM1 (Geography ID Varchar2 (10) primary key NOT NULL,  

Geography_NAME Varchar2 (40) NOT NULL );  

Create table FLAT_PART_TEAM1 (Part_ID Varchar2 (10) primary key NOT NULL, 

pathname Varchar2 (40) NOT NULL, No_of_part number (10) NOT NULL, price 

number (10) NOT NULL);  

  

Create table FLAT_Vendor_parts_TEAM1 (Vendor_Ssn VARCHAR2 (9) NOT NULL, 

Part_ID VARCHAR2 (10));  

 

 

INITCAP (FIRST_NAME)  

LOWER (MIDDLE_NAME)  

INITCAP (LAST_NAME)  
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TO_DECIMAL (IIF (LENGTH (SSN)! = 9, ABORT ('SSN IS INVALID'), SSN))  

  

  

CONCAT (CONCAT (APT_NO,'.'), STREET_NAME) TO_DECIMAL (CUST_ZIP)  

  

  

CONCAT (CONCAT (CONCAT (SUBSTR (CUST_PHONE, 1, 3),''), CONCAT(SUBSTR(CUST_PH  

ONE, 4, 3),'-')), SUBSTR (CUST_PHONE, 7, 4))  

   

  

 9 SCREENSHOTS  

Source files location  

This page shows the default location of the source files and showing the number of files present in it.  

     

Path of files like csv, excel, text files  

In this location new source files will get placed into the application by entering all necessary details.  

  

 

User source files  

In this page, we can clearly see the flat files stored in the specified path.  

  

 Vendor transformations  
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This page shows after the successful adding of data files of different formatted one.  

  

  

Flat files: In this page user can visualize the each flat file with the data. Here the flat file called 

FLAT_CUSTOMER contains the fields called first_name, last_name, ssn, api_no etc.  

  

 

 FLAT_GEOGRAPHY FILE: In this file user can see and observe the field names such as geography_id, 

geography_name along with the data columns.  
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FLAT_PART: It contain the fields like part_id, part_name, no_of_parts, and price.  

  

  

 
FLAT_SALES: It contain the fields like cust_ssn, vendor_ssn, geography_id and part_id.   
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Word document with vendor required format for data warehouse design.  

  

  

  

  

 

Schema for data warehouse  
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Source files added to mapping designer  

  

  

  

  

 
Source qualifier for source files.  
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 Destination file added to mapping designer  

  

  

  

  

  

 
Transformation taking place in mapping designer  
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 Output data for the given data of flat files   
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10. SYSTEM TESTING  
The purpose of testing is to discover errors. Testing is the process of trying to discover every 

conceivable fault or weakness in a work product. It provides a way to check the functionality of 

components, sub-assemblies, assemblies and/or a finished product It is the process of exercising 

software with the intent of ensuring that the  

Software system meets its requirements and user expectations and does not fail in an 

unacceptable manner. There are various types of test. Each test type addresses a specific testing 

requirement.  

TYPES OF TESTS:  

UNIT TESTING  

Unit testing involves the design of test cases that validate that the internal program logic is 

functioning properly, and that program inputs produce valid outputs. All decision branches and 

internal code flow should be validated. It is the testing of individual software units of the application 

.it is done after the completion of an individual unit before integration. This is a structural testing, 

that relies on knowledge of its construction and is invasive. Unit tests perform basic tests at 

component level and test a specific business process, application, and/or system configuration. Unit 

tests ensure that each unique path of a business process performs accurately to the documented 

specifications and contains clearly defined inputs and expected results.  

INTEGRATION TESTING  

Integration tests are designed to test integrated software components to determine if they 

actually run as one program. Testing is event driven and is more concerned with the basic outcome 

of screens or fields. Integration tests demonstrate that although the components were individually 

satisfaction, as shown by successfully unit testing, the combination of components is correct and 

consistent. Integration testing is specifically aimed at exposing the problems that arise from the 

combination of components.  

FUNCTIONAL TEST  

Functional tests provide systematic demonstrations that functions tested are available as 

specified by the business and technical requirements, system documentation, and user manuals.  

Functional testing is centered on the following items:  

  Valid Input  : identified classes of valid input must be accepted.  

  Invalid Input  : identified classes of invalid input must be rejected.  

Functions  : Identified functions must be exercised.  
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Systems/Procedures: interfacing systems or procedures must be invoked.  

Output: Identified classes of application outputs must be exercised. 

Organization and preparation of functional tests is focused on requirements, key functions, or 

special test cases. In addition, systematic coverage pertaining to identify Business process flows; 

data fields, predefined processes, and successive processes must be considered for testing. Before 

functional testing is complete, additional tests are identified and the effective value of current tests 

is determined.  

SYSTEM TESTING  

System testing ensures that the entire integrated software system meets requirements. It tests a 

configuration to ensure known and predictable results. An example of system testing is the 

configuration oriented system integration test. System testing is based on process descriptions and 

flows, emphasizing pre-driven process links and integration points.  

WHITE BOX TESTING  

White Box Testing is a testing in which in which the software tester has knowledge of the 

inner workings, structure and language of the software, or at least its purpose. It is purpose. It is 

used to test areas that cannot be reached from a black box level.  

BLACK BOX TESTING  

Black Box Testing is testing the software without any knowledge of the inner workings, 

structure or language of the module being tested. Black box tests, as most other kinds of tests, must 

be written from a definitive source document, such as specification or requirements document, such 

as specification or requirements document. It is a testing in which the software under test is treated, 

as a black box .you cannot “see” into it. The test provides inputs and responds to outputs without 

considering how the software works.  

Unit Testing:  

Unit testing is usually conducted as part of a combined code and unit test phase of the 

software lifecycle, although it is not uncommon for coding and unit testing to be conducted as two 

distinct phases.  

Test strategy and approach  

Field testing will be performed manually and functional tests will be written in detail.  

Test objectives  
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• All field entries must work properly.  

• Pages must be activated from the identified link.  

• The entry screen, messages and responses must not be delayed. Features to be tested  

• Verify that the entries are of the correct format  

• No duplicate entries should be allowed  

• All links should take the user to the correct page.  

Integration Testing  

Software integration testing is the incremental integration testing of two or more integrated 

software components on a single platform to produce failures caused by interface defects.  

The task of the integration test is to check that components or software applications, e.g. 

Components in a software system or – one step up – software applications at the company level – 

interact without error.  

Test Results: All the test cases mentioned above passed successfully. No defects encountered.  

Acceptance Testing  

User Acceptance Testing is a critical phase of any project and requires significant 

participation by the end user. It also ensures that the system meets the functional requirements.  

Test Results: All the test cases mentioned above passed successfully. No defects encountered.  
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11 CONCLUSION  

  

Finally, vendor can efficiently get useful formatted data from the huge amount of data through 

separating useless data and getting required important data through applying various 

transformations and making his business easy and get best results.  
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ABSTRACT

Chronic kidney disease (CKD) is one of the most critical health problems due to its
increasing prevalence. In this paper, we aim to test the ability of machine learning
algorithms for the prediction of chronic kidney disease using the smallest subset of features.
Several statistical testshavebeendone to remove redundant features such as theANOVA test,
the Pearson’s correlation, and the Cramer’s V test. Logistic regression, support vector
machines, random forest, and gradient boosting algorithms have been trained and tested
using 10-fold cross-validation. We achieve an accuracy of 99.1 according to F1- measure
from Gradient Boosting classifier. Also, we found that hemoglobin has higher
importance for both random forest andGradient boosting in detectingCKD. Finally, our
results are among the highest compared to previous studies but with less number of
features reached so far. Hence, we can detect CKD at only $26.65 by performing three
simple tests.
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CHAPTER :1
INTRODUCTION TOML

As programming advancement is a human movement, recognizing full of

feeling states in messages has turned into a significant test to extricate important data.

Opinion examination has been utilized to a few handy purposes, for example,

distinguishing hazardous API highlights, evaluating the extremity of application

surveys, explaining the effect of notion articulations to the issue goals time, etc. In

view of the poor exactness of existing notion examination apparatuses prepared

with general supposition articulations, ongoing investigations have attempted to

tweak such devices with programming building datasets. Be that as it may, it is

accounted for that no apparatus is prepared to precisely order sentences to negative,

impartial, or positive, regardless of whether devices are explicitly tweaked for

certain product building errands. One of the troubles in assessment grouping is the

impediment in a sack of-words model or extremity moving as a result of capacity

words and developments in sentences.

Regardless of whether there are certain single words, the entire sentence can be

negative in view of nullification, for instance. For this test, Lin et al. received

Stanford CoreNLP, a recursive neural system based methodology that can consider

the arrangement of words and arranged a product designing explicit assessment

dataset from a Stack Overflow dump. Notwithstanding their enormous measure of

exertion on fine-grained naming to the tree structure of sentences, they announced

negative outcomes (low exactness). In this framework we propose an AI based

methodology utilizing n-gram highlights and a mechanized AI apparatus for

assumption characterization. In spite of the fact that n-gram expressions are viewed

as educational and valuable contrasted with single words, utilizing all n-gram

expressions is definitely not a smart thought due to the enormous volume of

information and numerous pointless highlights.

To address this issue, we use n-gram IDF, a hypothetical expansion of Inverse

Document Frequency (IDF) proposed by Shirakawa et al. IDF estimates how much

data the word gives; however it can't deal with different words. N-gram IDF is fit for

taking care of n-gram phrases; along these lines, we can separate helpful n-gram

phrases. Computerized AI is a rising exploration region focusing on the dynamic

robotization of AI. Two significant issues are known in AI: no single AI method
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give the best outcome on all datasets, and hyper parameter advancement is required.

Mechanized AI tends to these issues by running various classifiers and attempts

various parameters to advance the presentation. In this examination, we use auto-

sklearn, which contains 15 order calculations (irregular backwoods, bit SVM, and

so forth.),

14 component pre-preparing arrangements (PCA, nystroem sampler, and so on.),

and 4 information pre-process arrangements (one hot encoding, rescaling, and so

forth). Utilizing n- gram IDF and autosklearn instruments, Wattanakriengkrai et al.

beated the best in class self- conceded specialized obligation distinguishing proof.

1.1 Background

AI is all unavoidable today be it in business industry, science, government in

explaining the universes significant assignments. AI is the empowering agent of AI

(Artificial Intelligence) that it can gain from the experience and models. AI is the

one which make PCs program expressly. The favorable position in the ML is we

need not compose the code; just we can nourish the information to the calculations

and assemble the rationale on the given information.

These ML calculations help's to play out the errand dependent on the

information or the models. For instance, one sort of calculation is a characterization

calculation. It can place information into various gatherings. The characterization

calculation used to distinguish written by hand letter sets could likewise be utilized

to group messages into spam and not- spam.

1. A PC program is said to gain for a fact E with some class of undertakings T

and execution measure P if its exhibition at errands in T, as estimated by P,

improves with experience E.

Examples of Machine Learning

AI has numerous models among those couple of models that identified with

the grouping where objective is to sort the articles into fixed set classes. Some of

them are plates underneath.

Face recognition: Identify faces in pictures (or show if a face is available).
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Types of Machine Learning

Email sifting: Classify messages into spam and not-spam.

Therapeutic determination: Diagnose a patient as a sufferer or non-sufferer of some ailment.

Climate forecast: Predict, for example, regardless of whether it will rain tomorrow.

Need of Machine Learning:
AI is a field which is raised out of Artificial Intelligence (AI). Applying AI,

we needed to assemble better and canny machines. Be that as it may, with the

exception of couple of negligible undertakings, for example, finding the most brief

way between point An and B, we were not able program progressively intricate and

always advancing difficulties. There was an acknowledgment that the best way to

have the option to accomplish this assignment was to give machine a chance to gain

from itself.

1.2 Kinds of Machine Learning

There are three sorts of Machine Learning Algorithms.

a. Regulated Learning

b. Unaided Learning

c. Fortification Learning

Supervised
Learning

Unsupervised
Learning

Reinforcement
Learning

Fig: 1. Kinds of Machine Learning

Regulated Learning

In managed learning, the framework attempts to gain from the past models that

are given. (Then again, in unaided learning, the framework endeavors to discover



10

ML
Algorithm

“2”

“1”

“4”ects

“3”

Images of hand
written numbers

the examples straightforwardly from the model given.)

Talking numerically, directed learning is the place you have both info factors (x)

and yield variables(Y) and can utilize a calculation to get the mapping capacity

from the contribution to the yield.

The mapping capacity is communicated as Y = f(X).Supervised learning

issues can be additionally isolated into two sections, in particular characterization,

and relapse.0020

Model

Fig: 1.2.2. Model of Regulated Learning

Case of administered learning

Arrangement: An order issue is the point at which the yield variable is a

class or a gathering, for example, "dark" or "white" or "spam" and "no spam".

Relapse:A relapse issue is the point at which the yield variable is a genuine worth, for

example, "Rupees" or "stature."

Solo Learning

In solo learning, the calculations are left to themselves to find intriguing

structures with regards to the information. Numerically, solo learning is the point at

which you just have input information (X) and no relating yield factors. This is

called unaided learning in light of the fact that dissimilar to regulated learning above,

there are no offered right responses and the machine itself finds the appropriate

responses. Unaided learning issues can be additionally partitioned into affiliation

and grouping issues.

Affiliation:
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Agent

Reward
Interpreter

An affiliation guideline learning issue is the place you need to find decides

that portray enormous bits of your information, for example, "individuals that

purchase X likewise will in general purchase Y".

Bunching: A grouping issue is the place you need to find the intrinsic groupings in

the information, for example, gathering clients by buying conduct.

Fortification Learning

A PC program will collaborate with a powerful situation wherein it must

play out a specific objective, (for example, playing a game with a rival or driving a

vehicle). The program is given input as far as remunerations and disciplines as it

explores its concern space.

Utilizing this calculation, the machine is prepared to settle on explicit

choices. It works along these lines: the machine is presented to a situation where it

consistently prepares itself utilizing experimentation technique.

Model

State

Activity

Fig: 1.2.3. Model of Fortification Learning

Case of fortification learning

Aside from these three, we have another kind of learning strategy in AI is Semi

regulated which the blend of both Supervised and Unsupervised learning.

Environment
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1.3.MACHINE LEARNING ALGORITHMS:

1. Deep Learning

2. Conventional SMO based Support Vector Machines for classification and regression

3. Reduced-rank methods for large-scale classification and regression
4. Relevance vector machines for classification and regression
5. General purpose multiclass classification tools

6. A Multiclass SVM

7. A tool for solving the optimization problem associated with structural support

vector machines.

8. Structural SVM tools for sequence labelling

9. Structural SVM tools for solving assignment problems

10. Structural SVM tools for object detection in images as well as more powerful

(but slower) deep learning tools for object detection.

11. Structural SVM tools for labeling nodes in graphs

12. A large-scale SVM-Rank implementation

13. An online kernel RLS regression algorithm

14. An online SVM classification algorithm

15. Semi definite Metric Learning

16. An online kernelized centroid estimator/novelty detector and offline support

vector one class classification

CLUSTERING ALGORITHMS:

Linear or kernel k-means, Chinese Whispers, and Newman clustering. Radial Basis

Function Networks Multi layer perceptrons

NUMERICAL ALGORITHMS:
A fast matrix object implemented using the expression templates technique and
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capable of using BLAS and LAPACK libraries when available.

Numerous linear algebra and mathematical operations are defined for the matrix

object such as the singular value decomposition, transpose, trig functions, etc.

General purpose unconstrained non-linear optimization algorithms using the

conjugate gradient, BFGS, and L-BFGS techniques

Levenberg-Marquardt for solving non-linear least squares problems

Box-constrained derivative-free optimization via the BOBYQA

algorithm An implementation of the Optimized Cutting Plane

Algorithm

Several quadratic program solvers

Combinatorial optimization tools for solving optimal assignment and min

cut/max flow problems as well as the CKY algorithm for finding the most

probable parse tree A big integer object

A random number object

1.3.1 GRAPHICAL MODEL INFERENCE ALGORITHMS

Join tree algorithm for exact inference in a Bayesian network.

Gibbs sampler markov chain monte carlo algorithm for approximate

inference in a Bayesian network.

Routines for performing MAP inference in chain-structured, Potts, or

general factor graphs.

Image Processing

Routines for reading and writing common image formats.

Automatic colour space conversion between various pixel types

Common image operations such as edge finding and morphological operations

Implementationsof the SURF, HOG, and FHOG feature extraction algorithms.

Tools for detecting objects in images including frontal vehicle detection and
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object pose estimation.

High quality vehicle recognition

Threading
The library provides a portable and simple threading API

A message passing pipe for inter-thread and inter-process communication

A timer object capable of generating events that are regularly spaced in time

Threaded objects

Threaded functions

Parallel for loops

A thread_pool with support for futures

Networking

The library provides a portable and simple TCP sockets API

An object to help you make TCP based servers

iostream and streambuf objects that enables TCP sockets to interoperate

with the C++ iostreams library

A simple HTTP server object you can use to embed a web server into your applications

A message passing pipe for inter-thread and inter-process communication

A tool used to implement algorithms using the Bulk Synchronous Parallel

(BSP) computing model

Graphical User Interfaces

The library provides a portable and simple core GUI API

Implemented on top of the core GUI API are numerous widgets

Unlike many other GUI toolkits, the entire dlib GUI toolkit is threadsafe

Data Compression and Integrity Algorithms

A CRC 32 object

MD5 functions

Various abstracted objects representing parts of data compression

algorithms. Many forms of the PPM algorithm are included.

Testing
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A thread safe logger object styled after the popular Java logger log4j

A modular unit testing framework
Various assert macros useful for testing preconditions

General Utilities

A type-safe object to convert between big and little endian byte orderings

A command line parser with the ability to parse and validate command lines

with various types of arguments and options

An XML parser

An object that can perform base64 conversions

Many container classes

Serialization support

Many memory manager objects that implement different memory pooling strategies

A tool that lets you easily call C++ from MATLAB.
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CHAPTER 2
LITERATURE SURVEY

In recent years, few studies have been done on the classification or diagnosis of
chronic kidney disease. In 2013, T. Di Noia et al, presented a software tool that
used the artificial neural network ANN to classify patient status, which is likely to
lead to end-stage renal disease (ESRD). The classifiers were trained using the data
collected at the University of Bari over a 38-year period, and the evaluation was
done based on precision, recall, and F-measure. The presented software tool has
been made available as both an Android mobile application and online web
application.

Using data from Electronic Health Records (EHR) in 2014, H. S. Chase et al. [6]
identified two groups of patients in stage 3: 117 progressor patients (eGFR
declined >3 ml/min/1.73m2/year) and 364 non-progressor patients (eGFR declined
<1 ml/min/1.73m2) .Where GFR is a glomerular filtration rate that commonly used
to detect CKD. Based on initial lab data recorded, the authors used Naïve Bayes
and Logistic Regression classifiers to develop a predictive model for progression
from stage 3 to stage
4. They compared the metabolic complications between the two groups and found
that phosphate values were significantly higher, but bicarbonate, hemoglobin,
calcium, and albumin values were significantly lower in progressors compared to
non-progressors, even if initial eGFR values were similar. Finally, they found that
the probability of progression in patients classified as progressors was 81%
(73% − 86%) and non-progressors was 17% (13% − 23%).

Later in 2016, K. A. Padmanaban and G. Parthiban [7] aimed in their work to
detect chronic kidney disease for diabetic patients using machine learning methods.
In their research, they used 600 clinical records collected from a leading Chennai-
based diabetes research center. The authors have tested the dataset using the
decision tree and Naïve Bayes methods for classification using the WEKA tool.
They concluded that the decision tree algorithm outweighs the Naïve Bayes with an
accuracy of 91%.

A. Salekin and J. Stankovic [8] evaluated three classifiers: random forest, K-
nearest neighbors, and neural network to detect the CKD. They used a dataset with
400 patients form UCI with 24 attributes. By using the wrapper method, a feature
reduction analysis has been performed to find the attributes that detect this disease
with high accuracy. By considering: albumin, specific gravity, diabetes mellitus,
hemoglobin, and hypertension as features, they can predict the CKD with .98 F1
and 0.11RMSE.

In the study carried out by W. Gunarathne, K. Perera, and K.
Kahandawaarachchi [9], Microsoft Azore has been used to predict the patient status
of CKD. By considering 14 attributes out of 25, they compared four different
algorithms, which were Multiclass Decision Forest, Multiclass Decision Jungle,
Multiclass Decision Regression, and Multiclass Neural Network. After comparison,
they found that Multiclass Decision Forest performed the best with 99.1% accuracy.
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H. Polat, H. D. Mehr, and A.Cetin [10] in their research used SVM algorithm
along with two feature selection methods: filter and wrapper to reduce the
dimensionality of the CKD dataset with two different evaluations for each method.
For the wrapper approach, the ClassifierSubsetEval with the Greedy Stepwise
search engine and WrapperSubsetEval with the Best First search engine were used.
For the Filter approach, CfsSubsetEval with the Greedy Stepwise search engine and
FilterSubsetEval with the Best First search engine were used. However, the best
accuracy was 98.5% with 13 features using FilterSubsetEval with the Best First
search engine using the SVM algorithm without mentioning which features were
used.

P. Yildirim [11] studied the effect of sampling algorithms in predicting chronic
kidney disease. The experiment was done by comparing the effect of the three
sampling algorithms: Resample, SMOTE, and Spread Sup Sample on the prediction
by multilayer perceptron classification algorithm. The study showed that sampling
algorithms could improve the classification algorithm performance, and the
resample method has a higher accuracy among the sampling algorithms. On the other
hand, Spread Sub Sample was better in terms of execution time.

A. J. Aljaaf et al. [12] examined in their study the ability of four machine
learning (ML) models for early prediction of CKD, which were: support vector
machine (SVM), classification and regression tree (CART), logistic regression (LR),
and multilayer perceptron neural network (MLP). By using the CKD dataset from
UCI and seven features out of 24, they compared the performance of these ML
models. The results showed that the MLP model had the highest AUC and sensitivity.
It was also noticeable that logistic regression almost had the same performance as
MLP but with the advantage of the simplicity of the LR algorithm. Therefore, in
our study, we can use the LR algorithm as a start or a benchmark and then use more
complex algorithms.

Lastly in 2019, J. Xiao et al. [13] in their study established and compared nine ML
models, including LR, Elastic Net, ridge regression lasso regression SVM, RF,
XGBoost, k-nearest neighbor and neural network to predict the progression of CKD.
They used available clinical features from 551 CKD follow- up patients. They
conclude that linear models have the overall predictive power with an average AUC
above 0.87 and precision above 0.8 and 0.8, respectively
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CHAPTER:3
SYSTEM ANALYSIS

3.1 EXISTED SYSTEM:
Interminable Kidney Disease (CKD) proposes the realm of kidney chance which

may even crumble by means of time and through implying the factors. If it continues
finishing all the more dreadful Dialysis is and most desperate conclusive outcomes
believable it'd flash off kidneymisery (End-Stage Renal Disease). Area of CKD in a starting
period should help in filtering by means of the complexities and harm.In the pastwork
portrayal applied are SVM and Naïve Bayes, it happened that the execution time took by
methods for Naïve Bayes is irrelevant appeared differently in relation to SVM, confused
events are substantially less with SVM that results in less request execution of Naïve Bayes,
inferable from gentle exactness distinction. It can be corrected by methods for taking
less improvements. Unsuspecting Bayes is a probabilistic classifier a fundamental count by
utilizing Bayes Theorem with a prohibitive independence supposition. The artistic
creations for the most segment brings around growing symptomatic exactness and
decrease commitment time, this is the guideline factor. An undertaking is made to
develop a form evaluating CKD data collected from a particular course of action of people.
From the model data, recognizing verification should be conceivable. This work has
enchanted on developing up a system relying upon gathering procedures: SVM, Naïve
Bayes, glomerular filtration rate (GFR) is the best pointer of how well the kidneys are
working.CKD has got no cure but it

Disadvantages:

1. System

3.2. Proposed System
chronic kidney disease (CKD) is one of the most critical health problems due to its
increasing prevalence. In this paper, we aim to test the ability of machine learning
algorithms for the prediction of chronic kidney disease using the smallest subset of
features. Several statistical tests have been done to remove redundant features such
as the ANOVA test, the Pearson’s correlation, and the Cramer’s V test we are using
ANN algorithm for the analysis

advantages:

1. Higher accuracy
2. Higher detection rate
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CHAPTER:4
SOFTWARE USED

4.1.INTRODUCTION TO PYTHON

Python is a general-purpose interpreted, interactive, object-oriented, and high-level

programming language. It was created by Guido van Rossum during 1985- 1990.

Like Perl, Python source code is also available under the GNU General Public

License (GPL). Python is a high-level, interpreted, interactive and object-oriented

scripting language.

Python is designed to be highly readable. It uses English keywords frequently

where as other languages use punctuation, and it has fewer syntactical

constructions than other languages.

Python is Interpreted − Python is processed at runtime by the interpreter. You do

not need to compile your program before executing it. This is similar to PERL and

PHP.

Python is Interactive − You can actually sit at a Python prompt and interact with

the interpreter directly to write your programs.

Python is Object-Oriented − Python supports Object-Oriented style or technique

of programming that encapsulates code within objects.

Python is a Beginner's Language − Python is a great language for the beginner-

level programmers and supports the development of a wide range of applications

from simple text processing to WWW browsers to games.

4.2.HISTORY OF PYTHON:

Python was developed by Guido van Rossum in the late eighties and early nineties at

the National Research Institute for Mathematics and Computer Science in the

Netherlands.

Python is derived from many other languages, including ABC, Modula-3, C, C++,

Algol-68, Smalltalk, and UNIX shell and other scripting languages.

Python is copyrighted. Like Perl, Python source code is now available under the

GNU General Public License (GPL).
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Python is now maintained by a core development team at the institute, although

Guido van Rossum still holds a vital role in directing its progress.

PYTHON FEATURES

Python's features include −

 Easy-to-learn − Python has few keywords, simple structure, and a clearly

defined syntax. This allows the student to pick up the language quickly.

 Easy-to-read − Python code is more clearly defined.

 Easy-to-maintain − Python's source code is fairly easy-to-maintain.
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CHAPTER:5
SYSTEM ENVIRONMENT

 A broad standard library − Python's bulk of the library is very portable and

crossplatform compatible on UNIX, Windows, and Macintosh.

 InteractiveMode − Python has support for an interactive mode which allows

interactive testing and debugging of snippets of code.

 Portable − Python can run on a wide variety of hardware platforms and has

the same interface on all platforms.

 Extendable − You can add low-level modules to the Python interpreter.

These modules enable programmers to add to or customize their tools to be

more efficient.

 Databases − Python provides interfaces to all major commercial databases.

 GUI Programming − Python supports GUI applications that can be created

and ported to many system calls, libraries and windows systems, such as

Windows MFC, Macintosh, and the X Window system of Unix.

 Scalable − Python provides a better structure and support for large programs

than shell scripting. Apart from the above-mentioned features, Python has a

big list of good features, few are listed below −

 It supports functional and structured programming methods as well as OOP.

 It can be used as a scripting language or can be compiled to byte-code for

building large applications.

 It provides very high-level dynamic data types and supports dynamic type checking.

 It supports automatic garbage collection.

 It can be easily integrated with C, C++, COM, ActiveX, CORBA, and Java.

Python is available on a wide variety of platforms including Linux and Mac

OS X.

Let's understand how to set up our Python environment.

5.1.LOCAL ENVIRONMENT SETUP:
Open a terminal window and type "python" to find out if it is already installed and

which version is installed.
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 Unix (Solaris, Linux, FreeBSD, AIX, HP/UX, SunOS, IRIX, etc.)

 Win 9x/NT/2000

 Macintosh (Intel, PPC, 68K)

 OS/2

 DOS (multiple versions)

 PalmOS

 Nokia mobile phones

 Windows CE

 Acorn/RISC OS

 BeOS

 Amiga

 VMS/OpenVMS

 QNX

 VxWorks

 Psion

 Python has also been ported to the Java and .NET virtual machines

GETTING PYTHON:

The most up-to-date and current source code, binaries, documentation, news, etc.,

is available on the official website of Python https://www.python.org/

You can download Python documentation from https://www.python.org/doc/. The

documentation is available in HTML, PDF, and PostScript formats.

INSTALLING PYTHON:

Python distribution is available for a wide variety of platforms. You need to

download only the binary code applicable for your platform and install Python. If the

binary code for your platform is not available, you need a C compiler to compile

the source code manually. Compiling the

source code offers more flexibility in terms of choice of features that you require in

your installation.

Here is a quick overview of installing Python on various platforms − Unix and

http://www.python.org/
http://www.python.org/doc/
http://www.python.org/doc/
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Linux Installation

Here are the simple steps to install Python on Unix/Linux machine.

 Open a Web browser and go to https://www.python.org/downloads/.

 Follow the link to download zipped source code available for Unix/Linux.

 Download and extract files.

 Editing theModules/Setup file if you want to customize some options.

 run ./configure script

 make

 make install

This installs Python at standard location /usr/local/bin and its libraries at

/usr/local/lib/pythonXX where XX is the version of Python.

WINDOWS INSTALLATION:

Here are the steps to install Python on Windows machine.

 Open a Web browser and go to https://www.python.org/downloads/.

 Follow the link for the Windows installer python-XYZ.msi file where XYZ

is the version you need to install.

 To use this installer python-XYZ.msi, the Windows system must support

Microsoft Installer 2.0. Save the installer file to your local machine and then

run it to find out if your machine supports MSI.

 Run the downloaded file. This brings up the Python install wizard, which is

really easy to use. Just accept the default settings, wait until the install is

finished, and you are done.

MACINTOSH INSTALLATION:

Recent Macs come with Python installed, but it may be several years out of date.
See http://www.python.org/download/mac/ for instructions on getting the current

version along with extra tools to support development on the Mac. For older Mac

OS's before Mac OS X

10.3 (released in 2003), Mac Python is available.

SETTING UP PATH:

http://www.python.org/downloads/
http://www.python.org/downloads/
http://www.python.org/download/mac/
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Programs and other executable files can be in many directories, so operating

systems provide a search path that lists the directories that the OS searches for

executables.

The path is stored in an environment variable, which is a named string maintained

by the operating system. This variable contains information available to the

command shell and other programs.

The path variable is named as PATH in Unix or Path in Windows (Unix is case

sensitive; Windows is not).

In Mac OS, the installer handles the path details. To invoke the Python interpreter

from any particular directory, you must add the Python directory to your path.

Setting path at unix/linux:

To add the Python directory to the path for a particular session in Unix −

In the csh shell − type setenv PATH "$PATH:/usr/local/bin/python" and press Enter.

In the bash shell (Linux) − type export ATH="$PATH:/usr/local/bin/python"

and press Enter.

In the sh or ksh shell − type PATH="$PATH:/usr/local/bin/python" and press Enter.

Note − /usr/local/bin/python is the path of the Python directory

Setting path at Windows:

To add the Python directory to the path for a particular session in Windows − At the

command prompt − type path %path%; C:\Python and press Enter.

Note − C:\Python is the path of the

Python directory Python Environment

Variables

Here are important environment variables, which can be recognized by Python −

Sr.No. Variable & Description
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1
PYTHONPATH
It has a role similar to PATH. This variable tells the Python interpreter where to

locate the module files imported into a program. It should include the Python

source library directory and the directories containing Python source code.

PYTHONPATH is sometimes preset by the Python installer.

2
PYTHONSTARTUP
It contains the path of an initialization file containing Python source code. It is

executed every time you start the interpreter. It is named as .pythonrc.py in Unix

and it contains commands that load utilities or modify PYTHONPATH.

3
PYTHONCASEOK
It is used in Windows to instruct Python to find the first case-insensitive match in

an import statement. Set this variable to any value to activate it.

4
PYTHONHOME
It is an alternative module search path. It is usually embedded in the

PYTHONSTARTUP or PYTHONPATH directories to make switching module

libraries easy.

TABLE 6.4.5.2 ENVIRONMENT

VARIABLES RUNNING PYTHON:

There are three different ways to start Python −

Interactive Interpreter

You can start Python from UNIX, DOS, or any other system that provides you a

command line interpreter or shell window.

Enter python the command line.

Start coding right away in the interactive interpreter.
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$python # Unix/Linux

or

python% # Unix/Linux

or

C:> python # Windows/DOS

Here is the list of all the available command line options −

Sr.No. Option & Description

1
-d

It provides debug output.

2
-O

It generates optimized bytecode (resulting in .pyo files).

3
-S

Do not run import site to look for Python paths on startup.

4
-v

verbose output (detailed trace on import statements).

5 -X
disable class-based built-in exceptions (just use strings); obsolete starting with

version 1.6.

6
-c cmd

run Python script sent in as cmd string

7
File

run Python script from given file

TABLE 6.4.4 : LIST OF ALL THE AVAILABLE COMMAND LINE OPTIONS
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If

Script from the Command-line
A Python script can be executed at command line by invoking the

interpreter on your application, as in the following −

$python script.py #

Unix/Linux or

python% script.py #

Unix/Linux or

C: >python script.py # Windows/DOS

Note − Be sure the file permission mode allows

execution. Integrated Development

Environment

You can run Python from a Graphical User Interface (GUI) environment as well, if

you have a GUI application on your system that supports Python.

UNIX − IDLE is the very first Unix IDE for Python.

Windows − PythonWin is the first Windows interface for Python and is an

IDE with a GUI.

Macintosh − The Macintosh version of Python along with the IDLE IDE is

available from the main website, downloadable as either MacBinary or

BinHex'd files.

you are not able to set up the environment properly, then you can take

help from your system admin. Make sure the Python environment is

properly set up and working perfectly fine.

MYSQL

MySQL is an Open Source DBMS developed, supported and

distributed by Oracle Corporation. MySQL is easy to use,

extremely powerful, supported and secure. It is ideal database solution

forweb sitesbecause of its small size and speed.
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1.MySQL software is open source
2.MySQL database arerelational

3.MySQL serverworks in client/server or embedded system

4. TheMySQL database server is very fast, reliable, scalable, and easy

to use.

5. A large amount of contributedMySQL software is available

6.MySQL is a databasemanagement system

NUMPY

NumPy is a Python package. It stands for 'Numerical Python'. It

is a library consisting of multidimensional array objects and a

collection of routines for processing of array.

Numeric, the ancestor of NumPy, was developed by Jim Hugunin.

Another package Numarray was also developed, having some

additional functionalities. In 2005, Travis Oliphant created NumPy

package by incorporating the features of Numarray into Numeric

package. There are many contributors to this open source project.

Operations using NumPy

Using NumPy, a developer can perform the following operations −

Mathematical and logical operations on arrays.

Fourier transforms and routines for shape manipulation.

Operations related to linear algebra. NumPy has in-built functions for

linear algebra and random number generation.

NumPy – A Replacement for MatLab
NumPy is often used along with packages like SciPy (Scientific Python)
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and Mat−plotlib (plotting library). This combination is widely

used as a replacement for MatLab, a popular platform for

technical computing. However, Python alternative to MatLab is now

seen as amoremodern and complete programminglanguage.

It is open source, which is an added advantage of NumPy.

SCIPY
GOOGLE COLAB

Colab is a freenotebook environment that runs entirely in the cloud. It

lets you and your team members edit documents, the way you

work with Google Docs. Colab supports many popular machine

learning libraries which can be easily loaded in your notebook.

Google is quite aggressive in AI research. Over many years,

Google developed AI framework called TensorFlow and a

development tool called Colaboratory. Today TensorFlow is

open-sourced and since 2017, Google made Colaboratory free for

public use. Colaboratory is nowknown as Google Colab or simply

Colab.

Another attractive feature that Google offers to the developers is

the use of GPU. Colab supports GPU and it is totally free. The

reasons for making it free for public could be to make its software

a standard in the academics for teaching machine learning and

data science. It may also have a long term perspective of building

a customer base for Google Cloud APIs which are sold per-use

basis.

Irrespective of the reasons, the introduction of Colab has eased the

learning and development of machine learning applications.

To be precise, Colab is a free Jupyter notebook environment that
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runs entirelyinthecloud.Most importantly, itdoesnot requireasetup

and the notebooks that you create can be simultaneously edited by

your team members - just the way you edit documents in Google

Docs. Colab supports many popular machine learning libraries

which can be easily loaded in yournotebook.

What Colab OffersYou?
As a programmer, you can perform the following using Google Colab.

 Write and execute code in Python

 Document your code that supportsmathematical equations

 Create/Upload/Share notebooks

 Import/Save notebooks from/to GoogleDrive

 Import/Publish notebooks fromGitHub

 Import external datasets e.g. fromKaggle

 Integrate PyTorch, TensorFlow,Keras, OpenCV

 Free Cloud servicewith free GPU

In this chapter, you will create and execute your first trivial

notebook. Follow the steps that have been givenwherever needed.

Note − AsColab implicitly uses Google Drive for storing your

notebooks, ensure that you are logged in to your Google Drive

account before proceeding further.
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CHAPTER:6

SCREEN SHOTS

Step 1 − Open the following URL in your browser

− https://colab.research.google.com Your browser would display

the following screen (assuming that you are logged into your

Google Drive) −

Step 2 − Click on the NEW PYTHON 3 NOTEBOOK link at

the bottom of the screen. A new notebook would open up as shown

in the screen below.

As you might have noticed, the notebook interface is quite similar

to the one provided in Jupyter. There is a code window in which

https://colab.research.google.com/notebooks/welcome.ipynb
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you would enter your Python code.

Setting Notebook Name

By default, the notebook uses the naming convention

UntitledXX.ipynb. To rename the notebook, click on this name

and type in the desired name in the edit box as shown here −

We will call this notebook asMyFirstColabNotebook. So type in

this name in the edit box and hit ENTER. The notebook will

acquire the name that you have given now.

Entering Code

You will now enter a trivial Python code in the code window and

execute it.

Enter the following two Python statements in the code window −

import

time

print(time.

ctime())

Executing Code

To execute the code, click on the arrow on the left side of the code window.
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After a while, you will see the output underneath the code window, as shown here −

Mon Jun 17 05:58:40 2019

You can clear the output anytime by clicking the icon on the left

side of the output display.

Adding Code Cells

To add more code to your notebook, select the followingmenu

options − Insert / Code Cell

Alternatively, just hover the mouse at the bottom center of the Code cell.

When the CODE and TEXT buttons appear, click on the CODE to

add a new cell. This is shown in the screenshot below −
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A new code cell will be added underneath the current cell. Add the following two
statements in the newly created code window −

time.sleep(5)

print (time.ctime())

Now, if you run this cell, you will see the following

output − Mon Jun 17 04:50:27 2019

Certainly, the time difference between the two time strings is not 5 seconds.

This is obvious as you did take some time to insert the new code.

Colab allows you to run all code inside your notebook without an

interruption.

Run All

To run the entire code in your notebook without an interruption,

execute the following menu options −

Runtime / Reset and run all…

It will give you the output as shown below −
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Note that the time difference between the two outputs is now exactly 5 seconds.
The above action can also be initiated by executing the following

two menu options −

Runtime / Restart

runtime… or

Runtime / Restart all

runtimes… Followed

by

Runtime / Run all

Study the different menu options under the Runtime menu to get

yourself acquainted with the various options available to you for

executing the notebook.

Changing Cell Order

When your notebook contains a large number of code cells, you

may come across situations where you would like to change the

order of execution of these cells. You can do so by selecting the
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cell that you want to move and clicking the UP CELL or DOWN

CELL buttons shown in the following screenshot −

You may click the buttons multiple times to move the cell for more than a single
position.

Deleting Cell

During the development of your project, you may have introduced

a few now-unwanted cells in your notebook. You can remove such

cells from your project easily with a single click. Click on the

vertical-dotted icon at the top right corner of your code cell.

Click on the Delete cell option and the current cell will be deleted.

Now, as you have learned how to run a trivial notebook, let us

explore the other capabilities of Colab.

As the code cell supports full Python syntax, you may
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use Python comments in the code window to describe your code.

However, many a time you need more than a simple text based

comments to illustrate the ML algorithms. ML heavily uses

mathematics and to explain those terms and equations to your

readers you need an editor that supports LaTex - a language for

mathematical representations. Colab provides Text Cells for this

purpose.

A text cell containing few mathematical equations typically used

in ML is shown in the screenshot below −

As we move ahead in this chapter, we will see the code for

generating the above output.

Text Cells are formatted using markdown - a simple markup

language. Let us now see you how to add text cells to your

notebook and add to it some text containing mathematical

equations.

Markdown Examples
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Let us look into few examples of markup language syntax to

demonstrate its capabilities.

Type in the following text in the Text cell.

This is

**bold*

*. This

is

*italic*.

This is ~strikethrough~.
The output of the above commands is rendered on the right hand

side of the Cell as shown here.

Mathematical Equations

Add a Text Cell to your notebook and enter the followingmarkdown

syntax in the text window −

$\sqrt{3x-1}+(1+x)^2$

You will see the immediate rendering of the markdown code in the

right hand side panel of the text cell. This is shown in the

screenshot below −

Hit Enter and the markdown code disappears from the text cell

and only the rendered output is shown.
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Let us try another more complicated equation as shown here −

$e^x = \sum_{i = 0}^\infty \frac{1}{i!}x^i$

The rendered output is shown here for your quick reference.

Colab allows you to save your work to Google Drive or even

directly to your GitHub repository.

Saving to Google Drive

Colab allows you to save your work to your Google Drive. To save

your notebook, select the following menu options −

File / Save a copy in Drive…

You will see the following screen −
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The action will create a copy of your notebook and save it to your

drive. Later on you may rename the copy to your choice of name.

Saving to GitHub
You may also save your work to your GitHub repository by

selecting the following menu options −

File / Save a copy in GitHub...

The menu selection is shown in the following screenshot for your

quick reference −
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You will have to wait until you see the login screen to GitHub.



42

Now, enter your credentials. If you do not have a repository, create

a new one and save your project as shown in the screenshot below

−
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Toshare thenotebookthatyouhavecreatedwithotherco-developers,

youmayshare thecopy thatyouhavemadeinyourGoogleDrive.

To publish the notebook to general audience, you may share it from

your GitHub repository.

There is one more way to share your work and that is by clicking

on the SHARE link at the top right hand corner of your Colab

notebook.This will open the share box as shown here −
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Youmay enter the email IDs of people with whom youwould like to

share the current document. You can set the kind of access by selecting

from the three options shown in the above screen.

Click on the Get shareable link option to get the URL of your notebook.

You will find options for whom to share as follows −

Specified group of

people Colleaguesin

yourorganization

Anyone with thelink

All public on the web

Jupyter includes shortcuts for many common system operations.

Colab Code cell supports this feature.

look like as shown in the screenshot here −



45

Now, select the desired function from the list and proceed with your coding.

Function Documentation

Colab gives you the documentation on any function or class as a

context- sensitive help.

Type the following code in your code window −

Tensor = torch.cos(
Now, hitTABand you will see the documentation oncos in the popup window as shown in
the screenshot here.Note thatyouneed to type inopenparenthesisbeforehittingTAB.
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Magics is a set of system commands that provide amini extensive

command language.

Magics are of two types −

 Line magics

 Cell magics

The line magics as the name indicates that it consists of a single

line of command, while the cell magic covers the entire body of the

code cell.

In case of line magics, the command is prepended with a single %

character and in the case of cell magics, it is prepended with two %

characters (%%).

Let us look into some examples of both to
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illustrate these. To install a library, you can use

either of these options −

!p

ip

in

st

al

l

or

!apt-get install

Keras

Keras, written in Python, runs on top of TensorFlow, CNTK, or

Theano. It enables easy and fast prototyping of neural network

applications. It supports both convolutional networks (CNN) and

recurrent networks, and also their combinations. It seamlessly

supports GPU.

To install Keras, use the following command −

!pip install -q keras

PyTorch

PyTorch is ideal for developing deep learning applications. It is

an optimized tensor library and is GPU enabled. To install

PyTorch, use the following command −

!pip3 install torch torchvision

MxNet
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ApacheMxNet is another flexible and efficient library for deep

learning. To install MxNet execute the following commands −

!apt install libnvrtc8.0

!pip install mxnet-cu80

OpenCV

OpenCV is an open source computer vision library for developing

machine learning applications. It has more than 2500 optimized

algorithms which support several applications such as

recognizing faces, identifying objects, tracking moving objects,

stitching images, and so on. Giants like Google, Yahoo, Microsoft,

Intel, IBM, Sony, Honda, Toyota use this library. This is highly

suited for developing real-time vision applications.

To install OpenCV use the following command −

!apt-get -qq install -y libsm6 libxext6 && pip install -q -U opencv-python

XGBoost

XGBoost is a distributed gradient boosting library that runs on

major distributed environments such as Hadoop. It is highly

efficient, flexible and portable. It implements ML algorithms

under the Gradient Boosting framework.

To install XGBoost, use the following command −

!pip install -q xgboost==0.4a30

GraphViz

Graphviz is an open source software for graph visualizations. It is

used for visualization in networking, bioinformatics, database
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design, and for that matter in many domains where a visual

interface of the data is desired.

To install GraphViz, use the following command −

!apt-get -qq install -y graphviz&& pip install -q pydot

Google provides the use of free GPU for your Colab notebooks.

Enabling GPU

To enable GPU in your notebook, select the following menu options −



50

Runtime / Change runtime type

You will see the following screen as the output −

Select GPU and your notebook would use the free GPU provided

in the cloud during processing. To get the feel of GPU processing,

try running the sample application from MNIST tutorial that you

cloned earlier.
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CHAPTER:7
MODULES

7.1.Numpy:

NumPy is a Python package. It stands for 'Numerical Python'. It is a

library consisting of multidimensional array objects and a collection of

routines for processing ofarray.

Numeric, the ancestor of NumPy, was developed by Jim Hugunin.

Another package Numarray was also developed, having some

additional functionalities. In 2005, Travis Oliphant created NumPy

package by incorporating the features of Numarray into Numeric

package.Therearemanycontributorstothisopen source project.

Operations using NumPy

Using NumPy, a developer can perform the following operations −

Mathematical and logical operations on arrays.

Fourier transforms and routines for shapemanipulation.

Operations related to linear algebra. NumPy has in-built functions

for linear algebra and randomnumber generation.

NumPy – A Replacement for MatLab

NumPy is often used along with packages like SciPy (Scientific Python)

and Mat−plotlib (plotting library). This combination is widely used as

a replacement for MatLab, a popular platform for technical computing.

However, Python alternative to MatLab is now seen as a more modern

and complete programming language.

It is open source, which is an added advantage of
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NumPy. Pandas:

Pandas is an open-source Python Library providing high-performance

data manipulation and analysis tool using its powerful data structures. The

name Pandas is derived from the word Panel Data – an Econometrics

from Multidimensional data.In 2008, developer Wes McKinney started

developing pandas when in need of high performance, flexible tool for

analysis of data.

Prior to Pandas, Python was majorly used for data munging and preparation.

It had very little contribution towards data analysis. Pandas solved this

problem. Using Pandas, we can accomplish five typical steps in the processing

and analysis of data, regardless of the origin of data — load, prepare,

manipulate,model, and analyze.

Python with Pandas is used in a wide range of fields including academic

and commercial domains including finance, economics, Statistics, analytics,

etc.

Key Features ofPandas

Fast and efficient DataFrame object with default and customized

indexing.

Tools for loading data into in-memory data objects from different

file formats.

Data alignment and integrated handling ofmissing data.

Reshaping and pivoting of date sets.

Label-based slicing, indexing and subsetting of largedata sets.

Columns from a data structure can be deleted or inserted.
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ABSTRACT 

 
Image fusion is the process of combining multiple images into a single image called 

fused image so that much information can be extracted from the resultant fused image 

without introducing artefacts. There are various image fusion techniques available such 

as average, discrete wavelet transform, segment graph filter, shearlet transform etc. In 

this project, we propose a fusion method for multimodal medical images using Shearlet 

transform. The fusion is performed using the images obtained from various diseases like 

Glioma, Hypertensive Encephalopathy, Metastatic brochogenic carcinoma, Mild 

Alzheimer’s disease, Motor neuron disease and Normal aging. The quality of the fused 

image is also checked using various metrics like Average pixel intensity (API), standard 

deviation (SD), average gradient (AG), Entropy (E), mutual information (MIF), Fusion 

symmetry (FSI), spatial frequency (SF), edge based image fusion metric (Q
AB/F

) and the 

results are compared with the metrics of fusion using average and discrete wavelet 

transform. 
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CHAPTER 1  

INTRODUCTION  

1.1 Image Fusion 

1.1.1 What is image fusion 

The image fusion process is defined as gathering all the important information from 

multiple images and their inclusion into fewer images, usually a single one. This single 

image is more informative and accurate than any single source image, and it consists of 

all the necessary information. 

1.1.2 Why image fusion 

The purpose of image fusion is not only to reduce the amount of data but also to 

construct images that are more appropriate and understandable for the human and 

machine perception. Multi sensor data fusion has become a discipline which demands 

more general formal solutions to a number of application cases. Several situations in 

image processing require both high spatial and high spectral information in a single 

image. This is important in remote sensing. However, the instruments are not capable of 

providing such information either by design or because of observational constraints. 

One possible solution for this is data fusion. 

1.2 Types of image fusion 

There are three different types of image fusion techniques namely 

1) Natural image fusion 

2) Medical image fusion 

3) Satellite image fusion 

1.2.1 Natural image fusion 

Natural image fusion is used to improve the quality of the images which are taken as 

photography, images for taken for advertisement purpose. 

1.2.2 Medical image fusion 

 Image fusion has become a common term used within medical diagnostics and   

treatment. The term is used when multiple images of a patient are registered and 

overlaid or merged to provide additional information. Fused images may be created 

from multiple images from the same imaging modality, or by combining information 

from multiple modalities, such as magnetic resonance image (MRI), computed 
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tomography (CT), positron emission tomography (PET), and single photon emission 

computed tomography (SPECT). In radiology and radiation oncology, these images 

serve different purposes. For example, CT images are used more often to ascertain 

differences in tissue density while MRI images are typically used to diagnose brain 

tumours. For accurate diagnosis, radiologists must integrate information from multiple 

image formats. Fused, anatomically consistent images are especially beneficial in 

diagnosing and treating cancer. With the advent of these new technologies, radiation 

oncologists can take full advantage of intensity modulated radiation therapy (IMRT). 

Being able to overlay diagnostic images into radiation planning images results in more 

accurate IMRT target tumour volumes. Medical image fusion is the process of 

registering and combining multiple images from single or multiple imaging modalities 

to improve the imaging quality and reduce randomness and redundancy in order to 

increase the clinical applicability of medical images for diagnosis and assessment of 

medical problems. Multi-modal medical image fusion algorithms and devices have 

shown notable achievements in improving clinical accuracy of decisions based on 

medical images. This review article provides a factual listing of methods and 

summarizes the broad scientific challenges faced in the field of medical image fusion. 

We characterize the medical image fusion research based on (1) the widely used image 

fusion methods, (2) imaging modalities, and (3) imaging of organs that are under study. 

This review concludes that even though there exist several open ended technological 

and scientific challenges, the fusion of medical images has proved to be useful for 

advancing the clinical reliability of using medical imaging for medical diagnostics and 

analysis, and is a scientific discipline that has the potential to significantly grow in the 

coming years. 

1.2.3 Satellite image fusion 

Remote Sensing systems, particularly those deployed on satellites, provide a repetitive 

and consistent view of the Earth. To meet the needs of different remote sensing 

applications the systems offer a wide range of spatial, spectral, radiometric and temporal 

resolutions. Satellites usually take several images from frequency bands in the visual 

and non-visual range. Each monochrome image is referred to as a band and a collection 

of several bands of the same scene acquired by a sensor is called multispectral image 
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(MS). A combination of three bands associated in a RGB (Red, Green, Blue) colour 

system produce a colour image. 

The colour information in a remote sensing image by using spectral band combinations 

for a given spatial resolution increases information content which is used in many 

remote sensing applications. Otherwise, different targets in a single band may appear 

similar which makes difficult to distinguish them. Different bands can be acquired by a 

single multispectral sensor or by multiple sensors operating at different frequencies. 

Complementary information about the same scene can be available in the following 

cases: 

 Data recorded by different sensors; 

 Data recorded by the same sensor operating in different spectral bands; 

In general, sensors with high spectral resolution, characterized by capturing the radiance 

from different land covers in a large number of bands of the electromagnetic spectrum, 

do not have an optimal spatial resolution, that may be inadequate to a specific 

identification task despite of its good spectral resolution. On a high spatial resolution 

panchromatic image (PAN), detailed geometric features can easily be recognized, while 

the multispectral images contain richer spectral information. 

With appropriate algorithms it is possible to combine multispectral and panchromatic 

bands and produce a synthetic image with their best characteristics. This process is 

known as multisensory merging, fusion, or sharpening. It aims to integrate the spatial 

detail of a high-resolution panchromatic image (PAN) and the colour information of a 

low-resolution multispectral (MS) image to produce a high-resolution MS image 

(hybrid product). The result of image fusion is a new image which is more suitable for 

human and machine perception or further image-processing tasks such as segmentation, 

feature extraction and object recognition. 

To produce hybrid images with good quality some aspects should be considered during 

the fusion process: 

 The PAN and MS images should be acquired at nearby dates. Several changes 

may occur during the interval of acquisition time: variations in the vegetation 

depending on the season of the year, different lighting conditions, construction 

of buildings, or changes caused by natural catastrophes (e.g., earthquakes, floods 

and volcanic eruptions); 
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 The spectral range of PAN image should cover the spectral range of all 

multispectral bands involved in the fusion process to preserve the image colour. 

This condition can avoid the colour distortion in the fused image; 

 The spectral band of the high-resolution image should be as similar as possible 

to that of the replaced low-resolution component in the fusion process; 

1.3 PURPOSE OF MEDICAL IMAGE FUSION 

Medical image fusion is the process of registering and combining multiple images from 

single or multiple imaging modalities to improve the imaging quality and reduce 

randomness and redundancy in order to increase the clinical applicability of medical 

images for diagnosis and assessment of medical problems. 

In context of medical imaging, the combined analysis of various medical modalities has 

made image fusion one of the readily employed medical diagnostic tools. In case of 

parallel analysis of medical imaging modalities medical practitioners have to switch 

glances in between. Image fusion facilities the joint analysis of the modalities abridging 

the time between diagnosis and patient treatment. Henceforth the image integration an 

efficient method of collecting the information from varied type of sensors which help 

enforcing an information decision. The integration of different medical image 

modalities together acts as an efficient diagnostic tool by providing the complimentary 

information in a single image.
14-20 

For integrated visualization of abdomen and stomach related problems CT and ECT 

(Emission Computed Tomography). CT and MRI images are combined together for 

skull-based tumour surgery. To confirm optimized blood arterial and vascular blood 

flow, MRI and Ultrasound images are often fused together. Besides this, the fusion of 

various types of imaging modalities helps in precise and accurate determination stages 

of cancer and response of ionizing radiations on tumour. These are most extensively 

worked upon multi-modality imaging systems.
 

Another major field of application in image fusion is bone vessel image fusion which is 

carried out with the help of Digital Subtraction Angiography. The DSA images are 

through fluoroscopic X-Ray imaging. In this process, mask (pre-contrast) image and 

contrast (post injection of fluoroscopic material) images are obtained. The DSA imagery 

is acquired by digital subtraction osseous and vascular information.  
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CHAPTER 2  

LITERATURE REVIEW  

2.1 AVERAGING TECHNIQUE 

This method is simple and easy and technique and fusion is obtained by simply 

performing mean to the corresponding pixels in each input image as: 

                                                  
               

 
                                                   (2.1) 

2.2 WAVELET TRANSFORM 

The wavelet transform (WT) has gained widespread acceptance in signal processing and 

image compression. Because of their multi-resolution nature, wavelet-coding schemes 

are especially suitable for applications where scalability and tolerable degradation are 

important. Recently The JPEG committee has released its new image coding standard, 

JPEG-2000, which has been released upon DWT. 

The wavelet transform is similar to the Fourier transform (or much more to the 

windowed Fourier transform) with a completely different merit function. The main 

difference is this:  

Fourier transform decomposes the signal into sines and cosines, i.e. the functions 

localized in Fourier space; in contrary the wavelet transform uses functions that are 

localized in both the   real and Fourier space. As it is seen, the Wavelet transform is in 

fact an infinite set of various transforms, depending on the merit function used for its 

computation. This is the main reason, why we can hear the term “wavelet transforms” in 

very different situations and applications. There are also many ways how to sort the 

types of the wavelet transforms. Here we show only the division based on the wavelet 

orthogonality. We can use orthogonal wavelets for discrete wavelet transform 

development and non-orthogonal wavelets for continuous wavelet transform 

development.  

 These two transforms have the following properties: 

1. The discrete wavelet transform returns a data vector of the same length as the input is.  

Usually, even in this vector many data are almost zero. This corresponds to the fact that 

it decomposes into a set of wavelets (functions) that are orthogonal to its translations 

and scaling. Therefore we decompose such a signal to a same or lower number of the 

wavelet coefficient spectrum as is the number of signal data points. Such a wavelet 
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spectrum is very good for signal processing and compression, for example, as we get no 

redundant information here. 

 2. The continuous wavelet transform in contrary returns an array one dimension larger 

than the input data. For a 1D data we obtain an image of the time-frequency plane. We 

can easily see the signal frequencies evolution during the duration of the signal and 

compare the spectrum with other signals spectra. As here is used the non-orthogonal set 

of wavelets, data are highly correlated, so big redundancy is seen here. This helps to see 

the results in a more humane form. 

2.3 DWT TECHNIQUE 

DWT means Discrete Wavelet Transform. The theory of wavelets is in many aspects an 

elongation of the Fourier theory and is presented as a substitute to the short-time Fourier 

transform (STFT). In Fourier theory, the signal is broken down into sine and cosine, 

whereas in wavelets the signal is broken down into shifted (translated) versions and 

scaled (expanded or expanded) of the selected wavelet or frequency domain and 

wavelets would give high resolution in the time and frequency fields. A wavelet is a tiny 

and small wave that develops and decomposes essentially within a limited amount of 

time and it must meet two basic properties: 

1) Integral of time should be equal to zero 

                                     ∫       
 

  
                                                             (2.2) 

2) The square of wavelet which is integrated with respect to time must be equal to one. 

                                                ∫          
 

  
                                                       (2.3) 

3) Let us consider 1-D signal as . It’s wavelet transform on the basis of wavelet 

functions given as: 

           ∫              
 

  
   (2.4) 

4) The basis is obtained through translation and expansion of the parent wave as: 

             
 

√ 
  

   

 
      (2.5) 

5) The parent wave would be in both the space domain and the frequency domain and 

must meet the average zero condition. The dilation factor and the translation factor in 

the Discrete Wavelet Transform (DWT) are given as a=   and b=   respectively, 

where m and n are integers. 
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The discrete wavelet transform (DWT) is a computerized technique to compute fast 

wavelet transform of a signal. The discrete wavelet transform (DWT) is an optimum 

solution for computational time overhead. It is easier in operation and implementation. 

Discrete wavelet transforms can be used for image processing. 

2.3.1 Integer DWT 

A more efficient approach to lossless compression 

Whose coefficients are exactly represented by finite precision numbers 

Allows for truly lossless encoding 

IWT can be computed starting from any real valued wavelet filter by means of a 

straightforward modification of the lifting schema 

Be able to reduce the number of bits for the sample storage (memories, registers and 

etc.) and to use simpler filtering units.  

2.3.2 Advantages of DWT: 

1. Higher flexibility:  Wavelet function can be freely chosen 

2. No need to divide the input coding into non-overlapping 2-D blocks, it has higher 

compression ratios avoid blocking artifacts. 

3. Transformation of the whole imageintroduces inherent scaling 

4. Better identification of which data is relevant to human perception higher 

compression ratio 

2.3.3 Disadvantages of DWT 

1. Poor directionality 

2. Lack of phase information 

3. Shift sensitivity 

4. Choosing mother wavelet and the number of decomposition levels 

5. Computational complexity  

6. Time complexity 

7. Difficulty in understanding the theory and interpreting the results 
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CHAPTER 3   

PROPOSED METHOD  

3.1 Non-Subsampled Shearlet Transform 

The non-sampled shearlet transform is an image fusion method, originally proposed by 

Easley. It consists in combining the non-subsampled pyramid transform with different 

shearing filters, and it has the characteristics of multi-scale and multi-directionality. The 

non-subsampled pyramid transform makes it invariant, which is superior to the LP, and 

WT methods. Additionally, since the size of the shearing filter is smaller than the 

directional filter, NSST can represent smaller scales, which makes it better than NSCT.  

Given the superiority of its underlying functions, NSST performs better than most 

commonly used MST. It is therefore widely used in the field of image denoising and 

image fusion.  

The NSST model can be described as follows. For the case, n = 2, the shearlet function 

is satisfied  

                         
 

 ⁄                        (3.1) 

 
Where Ψ            both A and B are invertible matrices with size 2   2, and 

determinant of B=1. For instance, A and B can be represented as  

  [
  
  

]     [
  
  

] 

In this situation, the timing of the frequency plane of NSST is shown in Fig. 1 It can be 

seen that (a) represents the decomposition, and (b) represents the size of the frequency 

support of the shearlet element      .  

For convenience, two related functions are used to represent the NSST and the inverse 

NSST  

{     } nsst_de(        (3.2) 

where nsst de(.) represents the NSST decomposition function for the input image Iin, 

and nsst _re(.) represents the NSST reconstruction steps for the reconstructed image Ire. 

The parameters Ln and Hn represent low-frequency subbands and high-frequency sub-

bands, respectively. 
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3.2 Multi-scale morphological gradient multi-scale morphological 

gradient (MSMG): 

MSMG is an effective operator which extracts gradient information from an image in 

order to indicate the contrast intensity in the close neighborhood of a pixel in the image. 

For this reason, MSMG is a method that is highly efficient and used in edge detection 

and image segmentation. In image fusion, MSMG has been used as a type of focus 

measure in multifocus image fusion. The specific details of MSMG are as follows.  

A multi-scale structuring element is defined as  

                 ………..        ,         j      . . .      (3.3) 

where SE1 denotes a basic structure element, and t represents the number of scales.  

The gradient feature Gt can be represented by the morphological gradient operators 

from the image f.  

                                                   (3.4) 

Where and denote the morphological dilation and erosion operators, respectively. (x, y) 

denotes the pixel coordinate.  

From the multi-scale structuring element and the gradient feature, then one can obtain 

the MSMG by computing the weighted sum of gradients over all scales.  

       ∑    .        
 
                                           (3.5) 

Where wt represents the weight of gradient in t-th scale and it can be represented as 

     
 

    
                   (3.6) 

Figure 2 shows an example of MSMG. One can see that the boundary information of the 

images has been well extracted, which demonstrates the effectiveness of the boundary 

measure. 

3.3 Pulse-Coupled Neural Network  

As the third-generation artificial neural network, PCNN has achieved great success in 

the image fusion field. A PCNN model often contains three parts: the receptive field, the 

modulation field and the pulse generator. The expressions of a simplified dual-channel 

PCNN model can be defined as  

   
        

                                   (3.7) 

    
        

                                    (3.8) 
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Fig 3.1: The tiling of frequency plane           Fig 3.2: The size of one shearlet transform   
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             (3.9) 
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        {
                    

           
                          (3.11) 

        )=     -1)                                  (3.12) 

           {
                         

                            
               (3.13) 

As is shown in Fig. 3, Sij
1
 and Sij

2
 denote the pixel value of two input images at point (i, 

j) in the neural network; Lij represents the linking parameter;    
  and    

 denote the 

linking strength; Fij
1
 and Fij

2
 represent the feedback of inputs. Uij is the output of the 

dual-channel.     is the threshold of step function, de is the declining extent of the 

threshold,    decides the threshold of the active neurons, and Tij is the parameter to 

determine the number of iterations. Yij(k) is the k-th output of PCNN. 

3.4 A Bounded measured PCNN in NSST domain algorithm 

In this section, we present the proposed algorithm for multimodal medical image fusion: 

a bounded measured PCNN approach in the NSST domain (BM-PCNN-NSST). The 

framework of the proposed algorithm is illustrated in Fig. 4. The fusion algorithm 

consists in four parts: the NSST decomposition, the low-frequency fusion, the high 

frequency fusion, and the NSST reconstruction. The algorithm starts with a pseudo-
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color image source which contains three-bands (PET/SPECT image). The first step is to 

apply an intensity-hue-saturation (IHS) transform in A, which will result in a pair 

containing the intensity image IA and a source image B. After performing the fusion of 

this image pair, an inverse IHS transform is applied in order to obtain the final fused 

image. 

 

                                                    Fig 3.3: Classical PCNN model 

 

                                       Fig 3.4: Block diagram of proposed algorithm 

3.4.1 NSST decomposition  

An N-level NSST decomposition is performed on images IA and B to acquire the 

decomposition bands LA, HA
l,k

 and LB, HB
l,k

 based on Eq (3), where L denotes low-
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frequency sub-bands and Hl;k represents high-frequency sub-bands at level l with 

direction k.  

       
                            (3.14) 

      
                        (3.15) 

3.4.2 Low-frequency fusion 

The low-frequency sub-band contains most information of the source images (texture 

structure and background). In this paper, an energy attribute (EA) fusion strategy is 

presented in the low-frequency fusion. This EA fusion strategy is divided into three 

steps:  

1. The intrinsic property values of the low-frequency subband are computed as  

                                                             (3.16) 

                                           (3.17) 

Where µ and Me represent the mean value and the median value of LA and LB, 

respectively. 

1. The EA function EA and EB are calculated by 

                         |)                                          (3.18) 

                         |)                                    (3.19) 

where                  |) represents the exponential operator, and a denotes the 

modulation parameter. 2. The fused low-frequency sub-band is obtained by a weighted 

mean  

          
                               

               
                                    (3.20) 

3.4.3 High-frequency fusion 

While low-frequency sub-band contains most information about the source images 

(such as background and texture), high-frequency sub-bands contain more information 

about details in images (for example, pixel-level information). Since in the PCNN 

model one pixel corresponds to one neuron, it is suitable to use PCNN in high-

frequency subbands. In addition, modulating PCNN with MSMG can increase the 

spatial correlation in the image. Therefore, the MSMG operator can be used to adjust 

the linking strength between    
  and    

   

     
                                                                        (3.21) 

    
                                                                   (3.22) 
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where    and    are computed by. The high-frequency sub-bands are merged based on 

this MSMG-PCNN model until all neurons are activated (equal to 1). The fused high-

frequency sub-bands can be obtained by  

  
         {

  
                        

                                
                                                               

     (3.23) 

where       and       can be computed. 

3.4.4 NSST reconstruction 

The fused image F is reconstructed by LF and   
    

through the inverse NSST according 

to Eq  

                
                                                                            (3.24) 
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CHAPTER – 4 

APPLICATIONS/ADVANTAGES 

 

4.1 APPLICATIONS: 

1) Fusion is basically used remote or satellite area for the proper view of satellite vision. 

2) It must use in medical imaging where disease should analyse through imaging vision 

through spatial resolution and frequency perspectives. 

3) Image fusion used in military areas where all the perspectives used to detect the 

threats and other perspectives used to detect the threats and other resolution work-based 

performance. 

4) For machine vision it is effectively used to visualize the two states after the image 

conclude its perfect for the human vision. 

5) In robotics field fused images mostly used to analyse the frequency variations in the 

view of images. 

4.2 ADVANTAGES: 

1) It is easiest to interpret. 

2) Fused image is true in colour. 

3) It is best for identification and recognition. 

4) It is low in cost. 

5) It has a high resolution used at multiscale images. 

6) Through image fusion there is improved fused images in fog. 

7) Image fusion maintains ability to read out signs in all fields. 

8) Image fusion has so many contrast advantages basically it should enhance the image 

with all the perspectives of image. 

9) Image fusion reduced the data storage and data transmission 
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CHAPTER 5  

EXPERIMENTAL RESULTS  

Simulations are carried out on distinct sets of medical images using the proposed 

algorithm. The quality of fused image is checked using various metrics and compared 

with the results of other two techniques I.e., average and discrete wavelet transform. 

 Below are the images related to different diseases obtained after performing 

average wavelet and shearlet transforms 

5.1 GLIOMA DISEASE 

     
(a) MRI (b) PET (c)  (d)  (e)  

     
(a) MRI (b) SPECT 1 (c)  (d)  (e)  

     
(a) MRI (b) SPECT 2 (c)  (d)  (e)  

Fig. 5.1: Fusion results for Glioma disease (c) Fused image by averaging technique (d) Fused 

image by wavelet transform (e) Fused image by Shearlet transform. 
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TABLE 5.1: Examination of objective parameters for various methods of image fusion for 

Glioma disease image pair shown in Figure 5.1. 

Image 

Pair 
Method API SD AG E MIF FS CC SF Q

AB/F
 

MRI-

PET 

Averaging 23.22 41.83 6.61 2.86 2.54 1.98 0.96 17.30 0.68 

DWT 27.72 52.98 12.4 4.09 1.82 1.97 0.93 31.71 0.79 

Shearlet 

Transform 
23.55 45.80 8.99 3.42 2.10 1.98 0.95 25.36 0.81 

MRI-

SPECT 1 

Averaging 27.41 36.47 5.54 4.04 1.16 1.96 0.78 11.70 0.06 

DWT 52.73 66.19 11.9 5.16 1.24 1.97 0.77 23.80 0.11 

Shearlet 

Transform 
37.26 52.82 9.30 4.65 1.28 1.97 0.78 21.31 0.13 

MRI-

SPECT 2 

Averaging 23.94 37.23 5.33 3.98 1.31 1.96 0.82 11.16 0.13 

DWT 41.84 62.24 11.8 5.02 1.31 1.97 0.81 24.20 0.20 

Shearlet 

Transform 
16.31 33.07 6.64 4.14 1.13 1.96 0.68 17.38 0.13 

 

5.2 HYPERTENSIVE ENCEPHALOPATHY DISEASE 

     
(a) MRI (b) SPECT (c)  (d)  (e)  

Fig. 5.2: Fusion results for Hypertensive encephalopathy disease (c) Fused image by averaging 

technique (d) Fused image by wavelet transform (e) Fused image by Shearlet transform. 

 

TABLE 5.2: Examination of objective parameters for various methods of image fusion 

for Hypertensive encephalopathy disease image pair shown in Figure 5.2. 

Image 

Pair 
Method API SD AG E 

MI

F 
FS CC SF Q

AB/F
 

MRI-

SPECT 

Averaging 38.24 46.60 4.78 4.36 1.07 1.96 0.74 09.13 0.08 

DWT 44.11 57.33 10.2 5.24 1.03 1.98 0.71 19.28 0.15 

Shearlet 

Transform 
34.93 46.18 8.47 4.64 1.04 1.97 0.72 20.59 0.10 
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5.3 METASTATIC NRONCHOGENIC CARCINOMA DISEASE 

     
(a) MRI (b) SPECT (c)  (d)  (e)  

Fig. 5.3: Fusion results for Metastatic bronchogenic carcinoma disease (c) Fused image by 

averaging technique (d) Fused image by wavelet transform (e) Fused image by Shearlet 

transform. 

TABLE 5.3: Examination of objective parameters for various methods of image fusion 

for Metastatic bronchogenic carcinoma disease image pair shown in Figure 5.3. 

Image 

Pair 
Method API SD AG E 

MI

F 
FS CC SF Q

AB/F
 

MRI-

SPECT 

Averaging 38.67 50.24 5.05 4.17 1.36 1.96 0.81 10.52 0.09 

DWT 47.87 69.01 11.1 5.63 1.33 1.97 0.76 22.74 0.17 

Shearlet 

Transform 
36.94 52.71 6.87 4.55 1.32 1.97 0.79 14.52 0.13 

 

5.4 MILD ALZHEIMER’ S DISEASE 

     
(a) MRI (b) SPECT (c)  (d)  (e)  

Fig. 5.4: Fusion results for Mild Alzheimer's disease (c) Fused image by averaging technique 

(d) Fused image by wavelet transform (e) Fused image by Shearlet transform. 

TABLE 5.4: Examination of objective parameters for various methods of image fusion 

for Mild Alzheimer's disease image pair shown in Figure 5.4. 

Image 

Pair 
Method API SD AG E 

MI

F 
FS CC SF 

Q
AB/

F
 

MRI-

SPECT 

Averaging 49.00 55.41 9.64 5.19 1.04 1.95 0.71 16.60 0.13 

DWT 69.45 81.66 21.6 6.09 0.96 1.98 0.68 37.13 0.21 

Shearlet 

Transform 
39.77 50.55 12.8 5.20 0.94 1.98 0.66 22.70 0.16 
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5.5 MOTOR NEURON DISEASE 

     
(a) MRI (b) SPECT (c)  (d)  (e)  

Fig. 9: Fusion results for Motor neuron disease (c) Fused image by averaging technique (d) 

Fused image by wavelet transform (e) Fused image by Shearlet transform. 

TABLE 5.5: Examination of objective parameters for various methods of image fusion 

for Motor neuron disease image pair shown in Figure 5.5. 

Image 

Pair 
Method API SD AG E 

MI

F 
FS CC SF Q

AB/F
 

MRI-

SPECT 

Averaging 31.25 42.84 4.97 4.10 1.32 1.96 0.82 09.27 0.10 

DWT 40.93 57.81 10.8 5.23 1.31 1.97 0.81 20.39 0.18 

Shearlet 

Transform 
25.30 36.59 6.68 4.13 1.17 1.97 0.82 13.26 0.13 

 

5.6 NORMAL AGEING 

     
(a) MRI (b) SPECT (c)  (d)  (e)  

Fig. 5.6: Fusion results for Normal ageing disease (c) Fused image by averaging technique 

(d) Fused image by wavelet transform (e) Fused image by Shearlet transform. 

TABLE 5.6: Examination of objective parameters for various methods of image fusion 

for Normal Ageing image pair shown in Figure 5.6. 

Image 

Pair 
Method API SD AG E 

MI

F 
FS CC SF Q

AB/F
 

MRI-

SPECT 

Averaging 28.22 42.14 4.77 4.02 1.23 1.97 0.80 09.94 0.09 

DWT 33.25 51.45 10.4 4.74 1.08 1.97 0.75 21.81 0.16 

Shearlet 

Transform 
28.27 43.93 6.23 4.20 1.16 1.97 0.78 13.01 0.11 
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CHAPTER 6  

CONCLUSIONS & FUTURE SCOPE  

6.1 Conclusions 

In this project image fusion algorithm is proposed based on non-sub sampled shearlet 

transform. The main advantage of the proposed algorithm over other two techniques is 

that the two fusion strategies are suitable for different scales. Shearlets are very 

competitive for multi-focus image and remote sensing image fusion. Shearlet is 

equipped with a rich mathematical structure similar to wavelet and can capture the 

information in any direction. Because of using PCNN as the fusion rule more precise 

image fusion results are obtained. Several different kinds of images, shown in the 

experimental results, prove that the new algorithm we proposed in this article is 

effective. 

6.2 Future scope 

The time complexity of Shearlets decomposition has been the focus of the study. Which 

need further study, especially in its theory and applications. 
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ABSTRACT 

 
Agriculture plays an important role in ever human life. It is an important sector of Indian 

economy which contributes about 17% of the total GDP. Also, agriculture provides employment 

to over 60% of the population directly or indirectly. But in contrast with the past, numbers of 

farmers have quit this field to other sectors due to some discomforts in farming. These diseases 

cost as social, ecological and economical loss to farmers. The main reasons for this involve high 

requirement of manpower, cost and time. Solving major issues like detecting effected plant and 

the level of occurrence requires more manpower and time that results in high cost. Hence, to 

overcome these fore mentioned problems, image processing is used for the disease detection and 

analysis. In understanding and analyzing information from the images, the technique image 

processing has the at most importance where the processes like modifying or interpreting of the 

existing pictures can be done. As the disease can attack and develop in any part of the plant in 

the whole field, this difficult to test and recognize manually. 

                                     This methodology aims for the approach of plant disease detection and 

analysis based on clustering techniques. This approach runs on pre-processing and feature 

extraction techniques that help to identify the plant affected area.      
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CHAPTER – 1 

INTRODUCTION 

 

 
1.1 INTRODUCTION 

 

India is an agricultural country and about seventy percent of the population depends on 

agriculture. Farmers have a wide range of diversity to select suitable fruit and vegetable crops. 

However, the cultivation of these crops for optimum yield and quality product is highly 

technical. It can be improved with the aid of a technological support. Disease identification is a 

tedious task and most diseases are seen on the leaves or stems of the plant. 

Diseases are important factors to restrict the growth of crops in agriculture producing, which 

may reduce yields of crops greatly and quality of products. At present, the diagnosis of crops 

diseases mostly depends on manual recognition, but some problems occur: on the one hand, it 

can be mistakenly diagnosed by farmers because they usually judge the symptom by their 

experiences; on the other hand, the disease treatment may be dallied over because the  

technician or expert can’t go to locale to diagnose in good time. Relative to the person vision, 

computer image processing technique take on some characteristics such as speediness, huge 

information and distinguish small diversity which can’t be distinguished by persons eyes, so  

image processing technique can help farmers to judge the reasons and severity of crop diseases, 

and it takes on important theoretical and practical significance for improving the automatic 

management of crop. The research on crop disease recognition with image processing 

technology started latterly, which is mainly concentrated in the 80s to 90s years of 20th century 

and the beginning of 21st century. 

Agriculture is the mother of all cultures. The focus is on enhancing productivity, without 

considering the ecological impacts that has resulted in environmental degradation. As disease of 

the plants is inevitable, detecting disease plays a major role in the field of agriculture. Plant 

pathogens consist of fungi, organism, bacteria, viruses, phytoplasmas, viriods etc. Three 

components are absolutely necessary for diseases to occur in any plant system and which may 

infect all types of plant tissues including leaves, shoots, stems, crowns, roots, tuber, fruits, seeds 

and vascular tissues. Therefore, detection and classification of diseases is an important and 



ix 

 

urgent task. The necked eye observation of experts is the main approach adopted in practice for 

detection and identification of plant diseases. However, this requires continuous monitoring of 

experts which might be prohibitively expensive in large farms. We can analyze the image of 

disease leaves by using computer image processing technology and extract the features of 

disease spot according to color, texture and other characteristics from a quantitative point of 

view. 

Due to which consulting experts even cost high as well as time consuming too. In such condition 

the suggested technique proves to be beneficial in monitoring large fields of crops. And 

automatic detection of diseases by just seeing the symptoms on the plant leaves make it easier as 

well as cheaper. This also supports machine vision to provide image based automatic process 

control, inspection, and robot guidance. 

 

1.2 TYPES OF LEAF SPOT DISEASES 

There are many types of plant Leaf Spot Diseases:  

• Fungal  

• Bacterial  

• Viral 

 

 

 

 

 

 

 

Figure 1: Various types of leaf disease 

 

Most leaf diseases are caused by viruses, fungi and bacteria. Viruses are extremely tiny particles 

consisting of protein and genetic material with no associated protein. Fungi are identified 

primarily from their morphology, with emphasis placed on their reproductive structures and 

Bacteria are considered more primitive than fungi and generally have simpler life cycles with the 



x 

 

difference that bacteria exist as single cells and increase in numbers by dividing into two cells 

during a process called binary fission. 

The image processing has become the key technique for the diagnosis of various features of the 

crop, providing a new approach to explore the field of agriculture. The image processing can be 

used in the agricultural applications [3, 4] for the following purposes:  

1. To detect diseased leaf, stem, fruit. 

2. To quantify affected area by disease.  

3. To find the boundaries of the affected area.  

4. To determine the color of the affected area  

5. To determine size & shape of fruits.  

6. To identify the Object correctly.  

Many researchers have proposed image-processing and pattern recognition techniques in  

agricultural applications for detection of weeds in a field, sorting of fruits and vegetables,  

detecting diseases etc. Automatic detection of plant diseases is an essential research topic as it 

may prove benefits [5] in monitoring large fields of crops, and detect the symptoms of diseases 

as soon as they appear on plant leaves. 

 

 

 

 

 

 

 

 

Figure 2: Affected leaves with- (a) Anthracnose disease, (b) Bacterial Blight disease 

Plant disease identification by visual way is more laborious task and at the same time less 

accurate and can be done only in limited areas. Whereas if automatic detection technique is used 

it will take less efforts, less time and more accurately. In plants, some general diseases are brown 

and yellow spots, or early and late scorch, and other fungal, viral and bacterial diseases. 

Image classification refers to the task of extracting information classes from a multiband raster 

image. The resulting raster from image classification can be used to create thematic maps. 
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Depending on the interaction between the analyst and the computer during classification there 

are two types of classification. i) Supervised and ii) unsupervised. There are currently many 

different ways of performing image classification, ranging from thresholding methods. This 

might be color information, boundaries or segment of an image. 

Machine based approaches for disease detection and classification of agricultural product have 

become an important part of civilization. 

 

1.3 RELATED WORK 

Zhang et al proposed an apple leaf disease recognition method that is based on image processing 

techniques and pattern recognition methods. In the experiment, on images (including classes: 

healthy apple leaf, powdery mildew leaf, mosaic leaf and rust leaf), this approach realized a 

recognition accuracy of more than 90%. In the authors provided a fast, automatic, cheap and 

accurate image-based solution for the identification of leaf diseases. The proposed solution is 

composed of four main phases: a color transformation structure, image segmentation via the K-

means clustering technique, calculation of the texture features and, finally, a pre-trained neural 

network for transmitting the extracted features. The experimental results demonstrated that the 

scheme could successfully detect and classify diseases with an accuracy rate of approximately 

93%.and the segmented leaf image was analyzed by using a high pass filter to detect the diseased 

part of the leaf . In the experimental part, common downy mildew, black rot and other. Proposed 

an algorithm for classifying plant leaf diseases according to texture features. In the processing 

scheme, images were subjected to a color conversion structure and a segmentation mechanism. 

Finally, the extracted features were passed through a support vector machine classifier. The 

algorithm an accuracy of 94%. However, traditional machine learning extraction and 

classification steps it is easier to is based on convolution neural networks .In recent years, several 

researchers have studied plant disease recognition based on deep learning approaches. In [9], 

they trained a deep convolution neural network to identify 14 crop species and 26 diseases using 

a public dataset of 54,306 images. The trained model realized an accuracy of 99.35%. When 

tested on a set of images from online sources instead of the images that were used for training, 

the model still realized an accuracy of 31.4%. In, Ferentinos trained multiple CNN architectures, 

such as Alex Net, VGG and Google Net, using an open database that contained 58 combinations 

of plants or diseases. The experimental results demonstrated that the most successful which 
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realized a success rate of 99.53%. In designed a new architecture of deep convolution neural 

networks that was based on Alex Net for detecting apple leaf diseases. On a dataset that 

contained Mosaic, Rust, Brown spot, and Alternaria leaf spot, a recognition accuracy of learning 

to train CNNs to identify three diseases and two types of pest damage and the best model 

realized an overall accuracy of 93%. The main drawback of these studies is the use of image 

recognition technology that can only identify a single object at a time. The various techniques 

have been carried out in this leaf detection by the region of detection by splitting of various 

processes. The HIS color system has been used in the component H and segmentation process 

carried out to disease spot and leaf plants gives the disease spot reduction. In another case the 

grapes disease we can use the image compression and also the K-mean clustering been used to 

segment the affection of the image disease. The can be classified in also the network that is back 

propagation network in the detection of grape classification they also include the radial basis 

function (RBF). Neural networks, the categorized generalized regression network can be 

maintained to regret the data set image to form the clarified form of generalized source. The use 

of (PNNs) is been the process of grapes in the disease detection the network analysis in this 

process can be also similar zed in Farming culture to overused detection on the grape disease 

detection. The three level for stage frame work in the sugar beet leaf Disease detection. The 

segmentation index of g-r is introduced to distinguish leaf parts. 

 

1.4 OBJECTIVES 

• Acquiring image from the data base 

• Segmenting the image into clusters using k-means clustering method 

• Extracting the features from the segmented clusters 

• With the help of extracted features the disease detected and classified  

• Measure the affected area 
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CHAPTER-2 

LITERATURE REVIEW 

 

2.1 BASIC LITERATURE REVIEW 

In this section, image pre-processing methods are discussed. The different classification 

techniques used for plant leaf disease classification was proposed by Savita N. Ghaiwat [6] by 

using some classification techniques like k-Nearest Neighbor Classifier, Probabilistic Neural 

Network, Genetic Algorithm, Support Vector Machine, and Principal Component Analysis, 

Artificial neural network, Fuzzy logic. A classification technique deals with classifying each 

pattern in one of the distinct classes and it is used to classify the leaf based on its different 

morphological features. Selecting classification technique is tricky task because the quality of 

result can vary for different input data. The detection of plant diseases using their leaves images 

is explained by Sachin D. Khirade [16]. The studies of the plant diseases mean the studies of 

visually observable patterns seen on the plant. Health monitoring and disease detection on plant 

is very critical for sustainable agriculture. It is very tricky to monitor the plant diseases manually. 

It needs tremendous amount of work and conjointly requires excessive processing time. Hence, 

image processing is used for the detection of plant diseases. Disease detection involves the steps 

like image acquisition, image pre-processing, image segmentation, feature extraction and 

classification. But, the accuracy of the result is 86% only. The technique to classify and identify 

the different disease affected plant put forth by Mrunalini R. Badnakhe [14].By using the 

automated agricultural inspection, Farmer can given potentially better and accurate productivity 

.The different products can be yield with better quality. The main need for the agriculture is to 

predict the infected crop. With the help of this work we are indirectly contributing for the 

Improvement of the Crop Quality. It is a Machine learning based recognition system which will 

going to help in the Indian Economy. Digital Analysis of crop color is significant and now it’s 

becoming popular day by day. It is the cost effective method. Because changed in the color are a 

valuable indicator of crop health and efficiency and survaibility. Then it can be measured with 

visual scales and inexpensive crop color. Software solution for automatic detection and 

classification of plant leaf diseases was proposed by S. Arivazhagan [2]. The developed 
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processing scheme consists of four main steps, first a color transformation structure for the input 

RGB image is created, then the green pixels are masked and removed by specific threshold value 

using segmentation techniques, the texture information are computed for the useful segments, 

finally the extracted features are passed through the classifier. The proposed algorithm’s 

efficiency can successfully detect and classify the examined diseases with an accuracy of 94%. 

Preparatory outcomes on an informational collection of around 500 plant leaves affirm the 

fitness of the proposed approach. In order to improve disease identification rate at various stages, 

the training samples can be increased and shape feature and color feature along with the optimal 

features can be given as input condition of disease identification. Anand.H.Kulkarni [1] propose 

a strategy for recognizing plant sicknesses at beginning period and with precision, by utilizing 

various picture handling procedures and artificial neural network (ANN).The work begins with 

capturing the images. Filtered and segmented using Gabor filter. Then, texture and color features 

are 

2.2 WHAT IS IMAGE SEGMENTATION? 

In digital image processing and computer vision, image segmentation is the process of 

partitioning a digital image into multiple segments (sets of pixels, also known as image objects). 

The goal of segmentation is to simplify and/or change the representation of an image into 

something that is more meaningful and easier to analyze. Image segmentation is typically used to 

locate objects and boundaries (lines, curves, etc.) in images. More precisely, image segmentation 

is the process of assigning a label to every pixel in an image such that pixels with the same label 

share certain characteristics. 

The result of image segmentation is a set of segments that collectively cover the entire image, or 

a set of contours extracted from the image (see edge detection). Each of the pixels in a region is 

similar with respect to some characteristic or computed property, such as color , intensity, 

or texture. Adjacent regions are significantly different color respect to the same characteristic(s). 

When applied to a stack of images, typical in medical imaging, the resulting contours after image 

segmentation can be used to create 3D reconstructions with the help of interpolation algorithms 

like marching cubes.  

 

 

https://en.wikipedia.org/wiki/Digital_image_processing
https://en.wikipedia.org/wiki/Computer_vision
https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Pixel
https://en.wikipedia.org/wiki/Boundary_tracing
https://en.wikipedia.org/wiki/Contour_line
https://en.wikipedia.org/wiki/Edge_detection
https://en.wikipedia.org/wiki/Color
https://en.wikipedia.org/wiki/Luminous_intensity
https://en.wikipedia.org/wiki/Image_texture
https://en.wikipedia.org/wiki/Medical_imaging
https://en.wikipedia.org/wiki/3D_reconstruction
https://en.wikipedia.org/wiki/Marching_cubes


xvi 

 

2.3 TYPES OF REDUNDANCY 

(i) Coding Redundancy 

A code is system of symbols used for representing information. A code word is a 

sequence of symbols representing a piece of information. Thus, the code length is defined as the 

number of symbols in each code word. A resulting image is said to have coding redundancy if its 

gray levels are coded using more code symbols than actually needed to represent each gray level. 

Average length of code words: The gray-level histogram of an image is used to construct codes 

to reduce data redundancy. Multiplying the number of bits used to represent each gray level with 

the probability of occurrence of that gray level and adding all such products gives the average 

length of code words assigned to different gray levels. The average number of bits needed to 

represent each pixel is given below,  

𝐿𝑎𝑣𝑔 = ∑ (𝑟𝑘) 𝑝𝑟 (𝑟𝑘) 𝐿−1 𝑘=0  

Where, l (rk) – Number of bits used to represent each gray level  

Pr (rk) – Probability of occurrence of gray level rk 

𝑝𝑟 (𝑟𝑘) =   , k = 0, 1… L-1  

Where, L – Number of gray levels  

nk – Number of times the kth gray level appear in image  

n – Total number of pixels Total number of bits:  

The total number of bits required to code an M x N image is given by,  

𝐿𝑀𝑥𝑁 = 𝑀. 𝑁. 𝐿𝑎𝑣𝑔 

To Avoid Redundancy 

Coding redundancy can be avoided and thus data compression can be achieved by assigning 

fewer bits to more probable gray levels and more bits to less probable gray levels. 

(ii)Inter pixel Redundancy 

It’s caused by the inter pixel correlations within an image. Inter pixel correlations are the 

structural and geometric relationships between objects in the image. 1. Autocorrelation 

Coefficient: The autocorrelation coefficients can be computed using,  

        (∆𝑛) = (∆𝑛) (0)  

Where, A(∆n) – Scaling factor given by 

 (∆𝑛) = 1 𝑁 − ∆𝑛 ∑ (𝑥, 𝑦). (𝑥, 𝑦 + ∆𝑛) 𝑁−1−∆𝑛𝑦=0  

Where, n - Number of pixels `  
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To Avoid Redundancy 

Inter-pixel redundancies in an image can be reduced by transforming the 2-D pixel array 

into a more efficient format. Transformations used for this purpose are known as mappings. If 

the original image elements can be reconstructed from the transformed data set, the mappings are 

called reversible mappings.  

(iii) Psycho visual Redundancy 

The human eye doesn’t respond to all information with equal sensitivity. Because, some 

information may be given less importance when comparing to other information in normal visual 

processing. Such information is said to be psycho visually redundant. 

 

2.4 TYPES OF IMAGE SEGMENTATION 

We can broadly divide image segmentation techniques into two types. Consider the below 

images: 

 

Can you identify the difference between these two? Both the images are using image 

segmentation to identify and locate the people present. 

• In image 1, every pixel belongs to a particular class (either background or person). Also, 

all the pixels belonging to a particular class are represented by the same color 

(background as black and person as pink). This is an example of semantic segmentation 
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• Image 2 has also assigned a particular class to each pixel of the image. However, 

different objects of the same class have different colors (Person 1 as red, Person 2 as 

green, background as black, etc.). This is an example of instance segmentation 

 

If there are 5 people in an image, semantic segmentation will focus on classifying all the people 

as a single instance. Instance segmentation, on the other hand. Will identify each of these people 

individually. 

2.4.1 REGION BASED SEGMENTATION 

One simple way to segment different objects could be to use their pixel values. An important 

point to note – the pixel values will be different for the objects and the image’s background if 

there’s a sharp contrast between them. 

In this case, we can set a threshold value. The pixel values falling below or above that threshold 

can be classified accordingly (as an object or the background). This technique is known 

as Threshold Segmentation. 

If we want to divide the image into two regions (object and background), we define a single 

threshold value. This is known as the global threshold. 

  

If we have multiple objects along with the background, we must define multiple thresholds. 

These thresholds are collectively known as the local threshold. 
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 2.4.2 EDGE DETECTION SEGMENTATION 

What divides two objects in an image? There is always an edge between two adjacent regions 

with different gray scale values (pixel values). The edges can be considered as the discontinuous 

local features of an image. 

We can make use of this discontinuity to detect edges and hence define a boundary of the object. 

This helps us in detecting the shapes of multiple objects present in a given image. Now the 

question is how can we detect these edges? This is where we can make use of filters and 

convolutions.  

The below visual will help you understand how a filter convolves over an image : 

 

Here’s the step-by-step process of how this works: 

• Take the weight matrix 

• Put it on top of the image 

• Perform element-wise multiplication and get the output 

• Move the weight matrix as per the stride chosen 

• Convolve until all the pixels of the input are used 

The values of the weight matrix define the output of the convolution. My advice – it helps to 

extract features from the input. Researchers have found that choosing some specific values for 

these weight matrices helps us to detect horizontal or vertical edges (or even the combination of 

horizontal and vertical edges). 
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One such weight matrix is the sobel operator. It is typically used to detect edges. The sobel 

operator has two weight matrices – one for detecting horizontal edges and the other for detecting 

vertical edges. Let me show how these operators look and we will then implement them in 

Python. 

Sobel filter (horizontal) = 

1 2 1 

0 0 0 

-1 -2 -1 

  

Sobel filter (vertical) = 

-1 0 1 

-2 0 2 

-1 0 1 

 

 

2.5 IMAGE SEGMENTATION TECHNIQUES 

There are several existing techniques which are used for image segmentation. These all 

techniques have their own importance. These all techniques can be approached from two basic 

approaches of segmentation i.e. region based or edge based approaches. Every technique can be 

applied on different images to perform required segmentation. These all techniques also can be 

classified into three categories A. Structural Segmentation Techniques The structural 

techniques are those techniques of image segmentation that relies upon the information of the 

structure of required portion of the image i.e. the required region which is to be segmented. B. 

Stochastic Segmentation Techniques The stochastic techniques are those techniques of the 

image segmentation that works on the discrete pixel values of the image instead of the structural 

information of region. C. Hybrid Techniques The hybrid techniques are those techniques of the 

image segmentation that uses the concepts of both above techniques i.e. these uses discrete pixel 

and structural information together [5]. In further parts of this paper the various techniques of 
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segmentation are discussed and compared. Mathematical description is avoided for simplicity 

therefore all the techniques are described theoretically. The popular techniques used for image 

segmentation are: thresholding method, edge detection based techniques, region based 

techniques, clustering based techniques, watershed based techniques, partial differential equation 

based and artificial neural network based techniques etc. These all techniques are different from 

each other with respect to the method used by these for segmentation. 

 

2.5.1 THRESHOLDING 

The simplest method of image segmentation is called the thresholding method. This method is 

based on a clip-level (or a threshold value) to turn a gray-scale image into a binary image. The 

key of this method is to select the threshold value (or values when multiple-levels are selected). 

Several popular methods are used in industry including the maximum entropy method, balanced 

histogram thresholding, Otsu's method (maximum variance), and k-means clustering. 

Recently, methods have been developed for thresholding computed tomography (CT) images. 

The key idea is that, unlike Otsu's method, the thresholds are derived from the radiographs 

instead of the (reconstructed) image.  

New methods suggested the usage of multi-dimensional fuzzy rule-based non-linear thresholds. 

In these works decision over each pixel's membership to a segment is based on multi-

dimensional rules derived from fuzzy logic and evolutionary algorithms based on image lighting 

environment and application 

2.5.2 CLUSTERING METHODS 

                           The K-means algorithm is an iterative technique that is used to partition an 

image into K clusters. The basic algorithm is 

1. Pick K cluster centers, either randomly or based on some heuristic method, for 

example K-means++ 

2. Assign each pixel in the image to the cluster that minimizes the distance between 

the pixel and the cluster center 

3. Re-compute the cluster centers by averaging all of the pixels in the cluster 

4. Repeat steps 2 and 3 until convergence is attained (i.e. no pixels change clusters) 

https://en.wikipedia.org/wiki/Thresholding_(image_processing)
https://en.wikipedia.org/wiki/Balanced_histogram_thresholding
https://en.wikipedia.org/wiki/Balanced_histogram_thresholding
https://en.wikipedia.org/wiki/Otsu%27s_method
https://en.wikipedia.org/wiki/K-means_clustering
https://en.wikipedia.org/wiki/K-means_algorithm
https://en.wikipedia.org/wiki/Iterative
https://en.wikipedia.org/wiki/Cluster_analysis
https://en.wikipedia.org/wiki/Cluster_analysis
https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Random
https://en.wikipedia.org/wiki/Heuristic
https://en.wikipedia.org/wiki/K-means%2B%2B
https://en.wikipedia.org/wiki/Distance
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In this case, distance is the squared or absolute difference between a pixel and a cluster center. 

The difference is typically based on pixel color, intensity, texture, and location, or a weighted 

combination of these factors. K can be selected manually, randomly, or by a heuristic. This 

algorithm is guaranteed to converge, but it may not return the optimal solution. The quality of the 

solution depends on the initial set of clusters and the value of K. 

2.5.3 EDGE DETECTION METHODS 

Edge detection is a well-developed field on its own within image processing. Region boundaries 

and edges are closely related, since there is often a sharp adjustment in intensity at the region 

boundaries. Edge detection techniques have therefore been used as the base of another 

segmentation technique. 

The edges identified by edge detection are often disconnected. To segment an object from an 

image however, one needs closed region boundaries. The desired edges are the boundaries 

between such objects or spatial-taxons. 

Spatial-taxons are information granules, consisting of a crisp pixel region, stationed at 

abstraction levels within hierarchical nested scene architecture. They are similar to 

the Gestalt psychological designation of figure-ground, but are extended to include foreground, 

object groups, objects and salient object parts. Edge detection methods can be applied to the 

spatial-taxon region, in the same manner they would be applied to a silhouette. This method is 

particularly useful when the disconnected edge is part of an illusory contour. 

Segmentation methods can also be applied to edges obtained from edge detectors. Lindbergh and 

Li[28] developed an integrated method that segments edges into straight and curved edge 

segments for parts-based object recognition, based on a minimum description length (MDL) 

criterion that was optimized by a split-and-merge-like method with candidate breakpoints 

obtained from complementary junction cues to obtain more likely points at which to consider 

partitions into different segments. 

 

 

 

 

https://en.wikipedia.org/wiki/Distance
https://en.wikipedia.org/wiki/Hue
https://en.wikipedia.org/wiki/Brightness
https://en.wikipedia.org/wiki/Texture_(computer_graphics)
https://en.wikipedia.org/wiki/Random
https://en.wikipedia.org/wiki/Heuristic
https://en.wikipedia.org/wiki/Global_optimum
https://en.wikipedia.org/wiki/Edge_detection
https://en.wikipedia.org/wiki/Gestalt_psychology
https://en.wikipedia.org/wiki/Image_segmentation#cite_note-28
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2.5.4 REGION GROWING METHODS 

Region-growing methods rely mainly on the assumption that the neighboring pixels within one 

region have similar values. The common procedure is to compare one pixel with its neighbors. If 

a similarity criterion is satisfied, the pixel can be set to belong to the same cluster as one or more 

of its neighbors. The selection of the similarity criterion is significant and the results are 

influenced by noise in all instances. 

The method of Statistical Region Merging[30] (SRM) starts by building the graph of pixels using 

4-connectedness with edges weighted by the absolute value of the intensity difference. Initially 

each pixel forms a single pixel region. SRM then sorts those edges in a priority queue and 

decides whether or not to merge the current regions belonging to the edge pixels using a 

statistical predicate. 

One region-growing method is the seeded region growing method. This method takes a set of 

seeds as input along with the image. The seeds mark each of the objects to be segmented. The 

regions are iteratively grown by comparison of all unallocated neighboring pixels to the regions. 

The difference between a pixel's intensity value and the region's mean, is used as a measure of 

similarity. The pixel with the smallest difference measured in this way is assigned to the 

respective region. This process continues until all pixels are assigned to a region. Because seeded 

region growing requires seeds as additional input, the segmentation results are dependent on the 

choice of seeds, and noise in the image can cause the seeds to be poorly placed. 

Another region-growing method is the unseeded region growing method. It is a modified 

algorithm that does not require explicit seeds. It starts with a single region the pixel chosen here 

does not markedly influence the final segmentation. At each iteration it considers the 

neighboring pixels in the same way as seeded region growing. It differs from seeded region 

growing in that if the minimum is less than a predefined threshold then it is added to the 

respective region .If the n the pixel is considered different from all current regions and a new 

region is created with this pixel  then the pixel is considered different from all current 

regions  and a new region  is created with this pixel. One variant of this technique, proposed 

by Haralick and Shapiro (1985),[1] is based on pixel intensities. The mean and scatter of the 

region and the intensity of the candidate pixel are used to compute a test statistic. If the test 

statistic is sufficiently small, the pixel is added to the region, and the region’s mean and scatter 

https://en.wikipedia.org/wiki/Region-growing
https://en.wikipedia.org/wiki/Image_segmentation#cite_note-SRM-30
https://en.wikipedia.org/wiki/Region-growing
https://en.wikipedia.org/wiki/Similarity_measure
https://en.wikipedia.org/wiki/Similarity_measure
https://en.wikipedia.org/wiki/Region-growing
https://en.wikipedia.org/wiki/Haralick
https://en.wikipedia.org/wiki/Image_segmentation#cite_note-computervision-1
https://en.wikipedia.org/wiki/Brightness
https://en.wikipedia.org/wiki/Arithmetic_mean
https://en.wikipedia.org/wiki/Statistical_dispersion
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are recomputed. Otherwise, the pixel is rejected, is used to form a new region .A special region-

growing method is called connected segmentation (see also lambda-connectedness). It is based 

on pixel intensities and neighborhood-linking paths. A degree of connectivity (connectedness) is 

calculated based on a path that is formed by pixels. For a certain value of two pixels are 

called connected if there is path linking those two pixels and the connectedness of this path is at 

least  connectedness is an equivalence relation. Split-and-merge segmentation is based on a quad 

tree partition of an image. It is sometimes called quad tree segmentation. This method starts at 

the root of the tree that represents the whole image. If it is found non-uniform (not 

homogeneous), then it is split into four child squares (the splitting process), and so on. If, in 

contrast, four child squares are homogeneous, they are merged as several connected components 

(the merging process). The node in the tree is a segmented node. This process continues 

recursively until no further splits or merges are possible.[When a special data structure is 

involved in the implementation of the algorithm of the method, its time complexity can reach , an 

optimal algorithm of the method 
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CHAPTER - 3 

PROPOSED METHOD 

 
3.1 BLOCK DIAGRAM 

The block diagram of the proposed system is shown in below fig. 1. The step by step proposed 

approach consists of leaf and fruit image database collection, pre-processing of those images, 

segmentation of those images using k-means clustering method, feature extraction using GLCM 

method and finally the training of system using SVM algorithm. 

 

 

 

 

 

Fig 1: Framework of the proposed method 

 
 



xxvii 

 

3.2 IMAGE ACQUISITION 

Image acquisition is the first method of digital image processing and it is described as capturing 

the image through digital camera and stores it in digital media for further MATLAB operations. 

It is also an action of retrieving an image from hardware, so it can be passed through further 

process. In our work, using digital camera we captured healthy and diseased images of leaf & 

fruit as shown in figure for MATLAB image processing system. 

 

 

 

Fig 1: Image acquisition and classification 
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Fig 2: Original image of the diseased leaf 

 

In the initial step, the RGB images of all the leaf samples were obtained. Some 

samples of those diseases are shown in the Fig 3a-c. 

 

 

Fig 3: (a-c) Samples images from our dataset (a) Early Scorch, (b) Cottony mold and  

(c) Ashen mold 
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Fig 4: A leaf image infected with (a) tiny whiteness disease and (b) a normal leaf image 

From Fig 3 a-c and 4a,b it is obvious that leaves belonging to early scorch, ashen mold 

and normal classes showed significant difference form greasy spot leaves in terms of 

color and texture. The leaves belonging to these three classes had minute differences as 

discernible to the human eye, which may justify the misclassifications.  

For each image in the data set the subsequent steps were repeated. Image segmentation 

of the leaf is done on each image of the leaf sample using K-Means clustering. A 

sample clustered image with four clusters of the leaf sample image is shown in  Fig 5. 

In our experiments multiple values of number of clusters have been tested. Best results 

were observed when the number of clusters was 4. 

Once the infected object was determined. The image was then converted from RGB 

format to HSI format. The SGDM matrices were then generated for each pixel map of 

the image for only H and S images. The SGDM is a measure of the probab ility that a 

given pixel at one particular gray-level will occur at a distinct distance and orientation 

angle from another pixel, given that pixel has a second particular gray -level. From the 

SGDM matrices, the texture statistics for each image were genera ted. 
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                                 Fig 5: Clustered detected image of a leaf sample (cluster 1) 

Input data preparation: Once the feature extraction was complete, two files were 

obtained. They were: (1) Training texture feature data and (2) Test texture feature data. 

The files had 192 rows each, representing 32 samples from each of the six classes of 

leaves. Each row had 10 columns representing the 10 texture features extracted for a 

particular sample image. Each row had a unique number (1, 2, 3, 4, 5 or 6) which 

represented the class of the particular row of data. 1 represented early scorch disease 

infected leaf. 2 represented Cottony mold disease infected leaf. 3 represented ashen 

mold disease infected leaf. 4 represented late scorch disease infected leaf. 5 

represented tiny whiteness disease infected leaf and 6 represented normal lea f. 

Classification using neural network based on back propagation algorithm:  A 

software routine was written in MATLAB that would take in. mat files representing the 

training and test data, train the classifier using the train files and then use the t est file 

to perform the classification task on the test data. Consequently, a MATLAB routine 

would load all the data files (training and test data files) and make modifications to the 

data according to the proposed model chosen. 

The architecture of the network used in this study was as follows. The number of 

hidden layers in the neural network was 10. The number of inputs to the neural 

network is equal to the number of texture features listed above. The number of output 

is 6 which is the number of classes representing the 6 diseases (Early scorch, Cottony 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=feature+extraction
https://scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&keyword=Neural+Networks
https://scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&keyword=Neural+Networks
https://scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&keyword=Neural+Networks
https://scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&keyword=Neural+Networks
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mold, Ashen mold, late scorch, tiny whiteness) and the normal leafs. The  neural 

network used is the feed forward back propagation. The performance function was the 

Mean Square Error (MSE) and the number of iterations was 10000 and the maximum 

allowed error was 10 -5. 

3.3 IMAGE PRE PROCESSING 

The main purpose of image pre-processing is to improve the image data contained unwanted 

distortions or to enhance some image features for further processing. Pre-processing method uses 

various techniques such as changing image size and shape, filtering of noise, image conversion, 

enhancing image and morphological operations. In this work, we used various MATLAB code to 

resize image, to enhance contrast and RGB to grayscale conversion as shown in fig 3 for further 

operations like creating clusters in segmentation. 

 

 

Fig 3: Contrast enhanced image 

 

3.4 IMAGE SEGMENTATION 

Image segmentation is the method for conversion of digital image into several segments and 

rendering of an image into something for easier analysis. Using image segmentation is used for 

locating the objects and bounding line of that image. 

 In segmentation, we used K-means clustering method for partitioning of images into clusters in 

which at least one part of cluster contain image with major area of diseased part. The k-means 

clustering algorithm is applied to classify the objects into K number of classes according to set of 

https://scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&keyword=Neural+Networks
https://scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&keyword=Neural+Networks
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features. The classification is done by minimizing sum of square of distances between data 

objects and the corresponding cluster. Image is converted from RGB Color Space to L*a*b* 

Color Space in which the L*a*b* space consists of a luminosity layer 'L*', chromaticity-layer 

'a*' and 'b*'.All of the color information is in the 'a*' and 'b*' layers and colors are classified 

using K-Means clustering in 'a*b*'space. From the results of K-means, labeling of each pixel in 

the image is done also segmented images are generated which contain diseases. In this 

experiment we used segmentation technique so input image is partitioned into three clusters for 

good segmentation result. The following fig. 4 shows leaf image segmentation with three clusters 

formed by K-means clustering method. 

 

 

Fig 4: Diseased leaf image clusters 

 

3.5 FEATURE EXTRACTION 

In feature extraction desired feature vectors such as color, texture, morphology and structure are 

extracted. Feature extraction is method for involving number of resources required to describe a 

large set of data accurately. Statistical texture features are obtained by Gray level co-occurrence 

matrix (GLCM) formula for texture analysis and texture features are calculated from statistical 

distribution of observed intensity combinations at the specified position relative to others. 

Numbers of gray levels are important in GLCM also statistics are categorized into order of first, 

second & higher for number of intensity points in each combination .Different statistical texture 

features of GLCM are energy, sum entropy, covariance, information measure of correlation, 

entropy, contrast and inverse difference and difference entropy .E. 
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3.6 TRAINING AND CLASSIFICATION 

Support vector machine is based on maximizing the minimum distance from the separating hyper 

plane to the nearest example. Only binary classification is supported in basic SVM, but in 

extension multiclass classification case can be possible. In these extensions, additional 

constraints and parameters are added to optimization problems for handling the separation of the 

different classes. SVM is 

a binary classifier that means the class labels can only take two values ±1. To get M-class 

classifiers, set of binary classifiers are constructed in this way f1 ,f2 …fM  and each are trained for 

separating one class from the rest. 

 

The gj(x) function returns the signed real value that can be interpreted as distance from 

separation of hyper plane to point x. Value can also be interpreted as a confidence value. The 

larger the value the more confident one is that the point x belong to the positive class. Hence, 

assign point x to the class whose confidence value is largest for this point. We used both K-

means clustering & Multi SVM technique for classification and recognition of leaf and fruit 

disease. For creating database, image is acquired and passed through pre-processing, 

segmentation, features extraction then disease name is selected for given leaf or fruit and lastly 

data is stored in database. 
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                                            CHAPTER - 4 

APPLICATIONS/ADVANTAGES 

 
4.1 REAL TIME APPLICATIONS OF CLUSTERING 

• Clustering analysis is broadly used in many applications such as market research, 

pattern recognition, data analysis, and image processing. 

• Clustering can also help marketers discover distinct groups in their customer base. 

And they can characterize their customer groups based on the purchasing patterns. 

• In the field of biology, it can be used to derive plant and animal taxonomies, 

categorize genes with similar functionalities and gain insight into structures inherent to 

populations. 

• Clustering also helps in identification of areas of similar land use in an earth 

observation database. It also helps in the identification of groups of houses in a city 

according to house type, value, and geographic location. 

• Clustering also helps in classifying documents on the web for information discovery. 

• Clustering is also used in outlier detection applications such as detection of credit card 

fraud. 

• As a data mining function, cluster analysis serves as a tool to gain insight into the 

distribution of data to observe characteristics of each cluster. 

4.1.1 IDENTIFYING FAKE NEWS 

Fake news is not a new phenomenon, but it is one that is becoming prolific.What the problem is: 

Fake news is being created and spread at a rapid rate due to technology innovations such as 

social media. The issue gained attention recently during the 2016 US presidential campaign. 

During this campaign, the term Fake News was referenced an unprecedented number of 

times.How clustering works: In a paper recently published by two computer science students at 

the University of California, Riverside, they are using clustering algorithms to identify fake news 

based on the content.The way that the algorithm works is by taking in the content of the fake 

news article, the corpus, examining the words used and then clustering them. These clusters are 

what helps the algorithm determine which pieces are genuine and which are fake news. Certain 

http://snap.stanford.edu/mis2/files/MIS2_paper_2.pdf
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words are found more commonly in sensationalized, click-bait articles. When you see a high 

percentage of specific terms in an article, it gives a higher probability of the material being fake 

news. 

4.1.2 SPAM FILTER 

You know the junk folder in your email inbox? It is the place where emails that have been 

identified as spam by the algorithm. Many machine learning courses, such as Andrew Ng’s 

famed Coursera course, use the spam filter as an example of unsupervised learning and 

clustering. What the problem is: Spam emails are at best an annoying part of modern 

day marketing techniques, and at worst, an example of people phishing for your personal data. 

To avoid getting these emails in your main inbox, email companies use algorithms. The purpose 

of these algorithms is to flag an email as spam correctly or not. How clustering works: K-

Means clustering techniques have proven to be an effective way of identifying spam. The way 

that it works is by looking at the different sections of the email (header, sender, and content). The 

data is then grouped together. These groups can then be classified to identify which are spam. 

Including clustering intheclassification process improves the accuracy of the filter to 97%. This 

is excellent news for people who want to be sure they’re not missing out on your favorite 

newsletters and offers. 

4.1.3 MARKETING AND SALES 

Personalization and targeting in marketing is big business. This is achieved by looking at specific 

characteristics of a person and sharing campaigns with them that have been successful with other 

similar people. What the problem is: If you are a business trying to get the best return on your 

marketing investment, it is crucial that you target people in the right way. If you get it wrong, 

you risk not making any sales, or worse, damaging your Customer trust.How clustering 

works: Clustering algorithms are able to group together people with similar traits and likelihood 

to purchase. Once you have the groups, you can run tests on each group with different marketing 

copy that will help you better target your messaging to them in the future. 

https://datafloq.com/read/?q=marketing#utm=internal
https://pdfs.semanticscholar.org/0239/e41c47a55fa4f4b1092e90af585bf6d4e134.pdf
https://pdfs.semanticscholar.org/0239/e41c47a55fa4f4b1092e90af585bf6d4e134.pdf
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4.1.4 CLASSIFYING NETWORK TRAFFIC 

Imagine you want to understand the different types of traffic coming to your website. You are 

particularly interested in understanding which traffic is spam or coming from bots.What the 

problem is: As more and more services begin to use APIs on your application, or as your 

website grows, it is important you know where the traffic is coming from. For example, you 

want to be able to block harmful traffic and double down on areas driving growth. However, it is 

hard to know which is which when it comes to classifying the traffic.How clustering works: K-

means clustering is used to group together characteristics of the traffic sources. When the 

clusters are created, you can then classify the traffic types. The process is faster and more 

accurate than the previous Autoclass method. By having precise information on traffic sources, 

you are able to grow your site and plan capacity effectively. 

4.1.5 IDENTIFYING FRADULENT OR CRIMINAL ACTIVITY 

In this scenario, we are going to focus on fraudulent taxi driver behavior. However, the technique 

has been used in multiple scenarios.What is the problem: You need to look into fraudulent 

driving activity. The challenge is how do you identify what is true and which is false? How 

clustering works: By analysing the GPS logs, the algorithm is able to group similar behaviors. 

Based on the characteristics of the groups you are then able to classify them into those that are 

real and which are fraudulent. 

4.1.6 DOCUMENT ANALYSIS 

There are many different reasons why you would want to run an analysis on a document. In this 

scenario, you want to be able to organize the documents quickly and efficiently.What the 

problem is: Imagine you are limited in time and need to organize information held in documents 

quickly. To be able to complete this ask you need to: understand the theme of the text, compare it 

with other documents and classify it.How clustering works: Hierarchical clustering has be used 

to solve this problem. The algorithm is able to look at the text and group it into different themes. 

Using this technique, you can cluster and organize similar documents quickly using the 

characteristics identified in the paragraph. 
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4.1.7 FANTASY FOOTBALL AND SPORTS 

Ok so up until this point we have looked into different business problems and how clustering 

algorithms have been applied to solve them.But now for the critical issues - fantasy 

football!What is the problem: Who should you have in your team? Which players are going to 

perform best for your team and allow you to beat the competition? The challenge at the start of 

the season is that there is very little if any data available to help you identify the winning 

players. How clustering works: When there is little performance data available to train your 

model on, you have an advantage for unsupervised learning. In this type of machine learning 

problem, you can find similar players using some of their characteristics. This has been done 

using K-Means clustering. Ultimately this means you can get a better team more quickly at the 

start of the year, giving you an advantage. 

4.2 ADVANTAGES 

• If variables are huge, then K-Means most of the times computationally faster than 

hierarchical clustering, if we keep k smalls. 

• K-Means produce tighter clusters than hierarchical clustering, especially if the clusters 

are globular. 

• Scales to large data sets. 

• Guarantees convergence. 

• Can warm-start the positions of centroids. 

• Easily adapts to new examples. 

• Generalizes to clusters of different shapes and sizes, such as elliptical clusters. 
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EXPERIMENTAL RESULTS 

 

5.1 SAMPLE DATASET IMAGES 

The proposed system is implemented using MATLAB (R2013b). Fig 1, 2,3,4,5 shows the sample 

dataset images 

 

 

Fig 1: Leaves with Leaf spot disease caused by the Alternaria alternate Fungus 

Fig 2: Leaves with dark lesions caused by the Anthracnose Fungus
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Fig 3: Leaves with Leaf spot disease caused by the Bacterial Blight Fungus 

 

 

 

Fig 4: Leaves with Leaf spot disease caused by the Cercospora Fungus 
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Fig 5: Healthy Leaves 

 

The dataset holds 25 different plants leaves images of JPEG format, divided into five classes as 

follows: Alternaria Alternate, Anthracnose, Bacteria Blight, Cercospora Leaf Spot and Healthy 

Leaves. Each image of encapsulates 22 images of 386*256.In proposed system; the image is 

rescaled to 256*256. An image from dataset was pre-processed and converts to black and white 

image and clustered according to their texture, color, shape. Image was classified by multi-class 

svm classifier, after this process the disease name was detected with accuracy and affected 

percentage. Fig 6 shows the retrieved result of an input image. 
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Fig 6. Retrieval result 

 

5.2 PERFORMANE EVALUATION 

The disease name was detected from the dataset with retrieval affected and accuracy percentage. 

Fig 7 shows the accuracy of the plant leaf disease. 

 

Fig 7. Accuracy of the plant leaf disease. 
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The comparison of the proposed system and existing system for the plant leaves on the 

dataset was shown in the fig 8. 

 

 

 

Fig 8. Comparison of proposed system and existing system. 
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CHAPTER 6 

   CONCLUSIONS & FUTURE SCOPE  

 

6.1 CONCLUSION: 

Plants are the primary source to solve the problem of food starvation, air pollution, global 

warming, etc. Agriculture production is the means to feed ever-growing populations and is the 

major source of income for the majority of the rural poor. Threats by invasive pathogens to 

plants are increasing day by day. The damage caused by emerging, re-emerging, epidemic and 

endemic pathogens, is becoming a nightmare in plant systems leading to potential loss 

economically. Plant diseases are spreading worldwide dramatically causing impairment to the 

normal functioning of the plant and are becoming one of the major reasons for financial 

degradation by significantly degrade the quantity of crops grown. There is a need for systems 

that can help crop producers and farmers to identify early symptoms of plant diseases by means 

of analyses of digital images of crop samples. The identification of the visual symptoms of plant 

diseases by means of a machine vision system and providing a solution for disease control may 

support farmers during their daily struggle against disease outbreaks. This heads the research 

towards development of an intelligent decision support system for identifying plant diseases and 

providing requisite treatment measures .In a word, the image pre-processing can make extracting 

of characteristic parameters not to be affected by background, shape and size of leaf, light and 

camera and make a good foundation for effective characteristic parameters for the disease 

diagnosis, as well as setting up pattern recognition system.  

Main approach of our paper is to recognize diseases on the leaf.  At  first  preprocessing  is  done 

which  include two  steps  gray  conversion  Second  stage  is  k-means based   Image   

segmentation   which   eventually   does image  analysis.  Third  stage  is  feature  extraction  that 

include  color  features  and  shape  features.  And after that classification of diseases is 

performed victimization our projected formula.  The  goal  of  this analysis  work  is  to  develop  

Advance  automatic  data processing  system  which  will  determine  the  illness affected  on  a  

part  of  a  leaf  spot  by  victimization  the image  analysis  technique.  Prediction of the diseases 

and cuss recommendation is finished.  The producers will amend the Yield and scale back the 

loss. Through this projected system the farmer’s burden has been reduced and saves their life. 
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perform  better   than others.  Accuracy  of  detection  can be  increased  when using  SVM  

classifier  with  more  number  of  features including to it. 

This technology gives the survey on different diseases classification techniques that can be used 

for plant leaf disease detection and an algorithm for image segmentation technique used for 

automatic detection as well as classification of plant leaf diseases has been described later. Jute, 

Grape, Paddy, okra are some of those species on which the algorithms and methods were tested. 

Therefore, related diseases for these plants were taken for identification. With very less 

computational efforts the optimum results were obtained which also shows the efficiency of 

algorithm in recognition and classification of the leaf diseases .Another advantage of using these 

methods is that the plant diseases can be identified at early stage or the initial stage. To improve 

recognition rate in classification process Artificial Neural Network, Bayes Classifier, Fuzzy 

Logic and hybrid algorithms can also be used. 

The proposed methodology in this paper depends on K-means and Multi SVM techniques which 

are configured for both leaf & fruit disease detection. The MATLAB software is ideal for digital 

image processing. K-means clustering and SVM algorithm provides high accuracy and consumes 

very less time for entire processing. In future work, we will extend our database for more plant 

disease identification. 

 

 

 

 

 

 

 

 

 

6.2 FUTURE SCOPE: 

The proposed method uses mobile cams for capturing the  diseased  images and  does  not  

require  any  kind of special  training  and  sophisticated  capturing  devices. The proposed 

method is (i)fully  automatic  for  ROI  calculation,  background separation and parameter 

evaluation disease independently,    (ii)  low  cost  and  possibility  for  the wide   usability   in   

field   conditions,   (iii) simpler segmentation method  and  more  advanced  parameters are  
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used.  We  have  developed  a  fully  automatic  color image  sensing  based  system  for  

classifying  the  four most  dangerous  soya  bean  foliar  infections,  namely bacterial blight, 

frog’s eye, brown spot, and soya bean rust. All four infections have similar color shades and are    

confusing for a   non-plant    pathologist.    An algorithm  was  developed  to  find  there  fined  

lesion texture  histogram  and  apply  the  DCT  on  statistical features   of   RLTH,   followed   

by   a  normalization process. We develop a ST-NDCT based hybrid feature descriptor  for  

lesion  areas,  and  proved  the  suitability of  using  the  same  for  classifying  the  infections  

under consideration. 

The methodology has been implemented successfully and performance tested on a real set of 

soya leaf data. The result is quite convincing and wide adaptability in   developing   countries,   

where   such   information plays an important role for improvement in yield. 

       In this study an image processing based approach is proposed and used for leaf disease 

detection. We test for program on five diseases which effect on the plants; they are: early scorch 

,  cottony mold, ashen mold, late scorch, tiny whiteness. The proposed approach is image 

processing based and is highly based on k-means clustering technique and artificial neural 

network (ANN). The approach is composed of four main phases; after the preprocessing phase, 

the images at hand are segmented using the k-means technique, then some texture features are 

extracted in which they are passed through a pre-trained neural network. As a test bed we use a 

set of leaf diseases taken from the ghor area in Jordan. 

       Present experimental results indicate that the proposed approach is a variable approach and 

can significantly support accurate and automatic detection of leaf diseases. Based on our 

experiments, the developed neural network classifier that is based on statistical classification 

perform well and can successfully detect and classify the tested diseases with a precision of 

around 93%. 

         For future research, they have been some directions such as, developing better 

segmentation technique, selecting better feature extraction and culling classification algorithms. 
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LEAF DISEASE DETECTION BY CLUSTERING 

TECHNIQUES 
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Abstract—Agricultural productivity plays a major role 

in an Indian economy; therefore the disease detection in the 

field of agriculture is important. Farmers struggle a lot for 

proper crop production due to multiple diseases affecting 

the plant so there is a need to detect the disease at initial 

stage. One major disease in the crop is leaf spot. The 

purpose of the proposed system is to identify the leaf spot 

using image processing techniques. In this research the 

disease detection is done in four stages, image 

Acquisition, image segmentation, feature extraction and 

classification. For image segmentation is done with K-

means clustering method and features are computed from 

disease affected cluster. Features such as Contrast, 

Correlation, Energy, Homogeneity, Mean, Standard 

Deviation and Variance are extracted. The extracted 

features from disease cluster are given as classifier inputs to 

classify the disease. The classifier used in this paper is 

neural network (NN) classifier. It is observed that the 

accuracies for bacterial leaf spot and target spot of cotton 

leaf diseases as 90% and 80% respectively. For tomato leaf 

diseases-septoria leaf spot and leaf mold as 100%. 

The main objectives of the project are: 

• Acquiring image from the data base 

• Segmenting the image into clusters using k-

means clustering method 

• Extracting the features from the segmented 

clusters 

• With the help of extracted features the disease 

detected and classified  

. 

 

(I) INTRODUCTION 

India is the second largest producer of crops such as rice, 

wheat, pulses and spices. The crop production in India just 

yields 30% to 60% due to losses occurring during 

cultivation .The economy of farmers depends on the 

quantity and quality of the crop. Every crop production 

have turned to be as a nightmare due to multiple diseases 

affecting the plant  It is required to detect automatically the 

symptoms of diseases as early as possible they appear on 

plant leafs. One major disease in the crop is leaf spot. Leaf 

spots are caused due to bacteria-fungi, viruses, oomycetes, 

viroids, phytoplasmas and so on [6]. The detection of plant 

disease in early stage is highly recommended for improving 

the economy of the farmer. 

The leaf disease reduces the quality of food. Monitoring 

crops from remote places for detecting the diseases plays a 

key role for successful cultivation. In the existing method 

naked eye observation is done with large team of experts 

for disease detection, which is very costly [4]. Therefore it 

is required to implement an automatic disease detection 

technique with more accurate and less expensive. Image 

processing with machine learning is one technique used 

for automatic disease detection. In this paper we propose 

and validate the clustering techniques and artificial 

intelligence for automatic disease detection 

 

(II) Related Work: 

Zhang et al proposed an apple leaf disease recognition 

method that is based on image processing techniques and 

pattern recognition methods. In the experiment, on images 

(including classes: healthy apple leaf, powdery mildew 

leaf, mosaic leaf and rust leaf), this approach realized a 

recognition accuracy of more than 90%. In  the authors 

provided a fast, automatic, cheap and accurate image-

based solution for the identification of leaf diseases. The 

proposed solution is composed of four main phases: a 

color transformation structure, image segmentation via the 

K-means clustering technique, calculation of the texture 

features and, finally, a pre-trained neural network for 

transmitting the extracted features. The experimental 

results demonstrated that the scheme could successfully 

detect and classify diseases with an accuracy rate of 

approximately 93%.and the segmented leaf image was 

analyzed by using a high pass filter to detect the diseased 

part of the leaf . In the experimental part, common downy 

mildew, black rot and other. Proposed an algorithm for 

classifying plant leaf diseases according to texture 

features. In the processing scheme, images were subjected 

to a color conversion structure and a segmentation 

mechanism. Finally, the extracted features were passed 

through a support vector machine classifier. The algorithm 

an accuracy of 94%. However, traditional machine 

learning extraction and classification steps it is easier to is 

based on convolution neural networks .In recent years, 

several researchers have studied plant disease recognition 

based on deep learning approaches. In [9], they trained a 

deep convolutional neural network to identify 14 crop 

species and 26 diseases using a public dataset of 54,306 

images. The trained model realized an accuracy of 

99.35%. When tested on a set of images from online 

sources instead of the images that were used for training, 

the model still realized an accuracy of 31.4%. In, 

Ferentinos trained multiple CNN architectures, such as 

Alex Net, VGG and Google Net, using an open database 

that contained 58 combinations of plants or diseases. The 

experimental results demonstrated that the most successful 

which realized a success rate of 99.53%. In designed a 

new architecture of deep convolutional neural networks 

that was based on Alex Net for detecting apple leaf 

diseases. On a dataset that contained Mosaic, Rust, Brown 

spot, and Alternaria leaf spot, a recognition accuracy of 

learning to train CNNs to identify three diseases and two 

types of pest damage and the best model realized an 
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overall accuracy of 93%. The main drawback of these 

studies is the use of image recognition technology that can 

only identify a single object at a time. The various 

techniques have been carried out in this leaf detection by 

the region of detection by splitting of various process . The 

HIS color system has been used in the component H and 

segmentation process carried out to disease spot and leaf 

plants gives the disease spot reduction. In another case the 

grapes disease we can use the image compression and also 

the K-mean clustering been used to segment the affection 

of the image disease. The can be classified in also the 

network that is back propagation network in the detection 

of grape classification they also include the radial basis 

function (RBF). Neural networks, the categorized 

generalized regression network can be maintained to regret 

the data set image to form the clarified form of generalized 

source. The use of (PNNs) is been the process of grapes in 

the disease detection the network analysis in this process 

can be also similar zed in Farming culture to overused 

detection on the grape disease detection. The three level for 

stage frame work in the sugar beet leaf Disease detection. 

The segmentation index of g-r is introduced to distinguish 

leaf parts. 

 

(III) EXISTING SYSTEM 
 

Generally, farmers detect plant diseases by visual 

observation which is based on their experience or 

knowledge .Some government departments also help 

farmers to do /this work. But when we think about an 

electronic expert system for leaf based plant diseases 

detection, in current scenario this kind of system is not 

available for day to day use. An android application may 

boost this concept and make available these researches for 

end users who actually need this kind of technology in their 

day to day life. In Existing System to get the solution for a 

particular crop disease, one needs to communicate the 

agricultural department. Otherwise one needs to search the 

web randomly. This does not provide the exact solution and 

all the persons cannot communicate with the agricultural 

department. More over the process is highly time 

consuming. 

 

 

 

 

(IV) PROPOSED SYSTEM 
The block diagram of the proposed system is shown in 

below fig. 1. The step by step proposed approach consists 

of leaf and fruit image database collection, pre-processing 

of those images, segmentation of those images using k-

means clustering method, feature extraction using GLCM 

method and finally the training of system using SVM 

algorithm 

 
 

Fig. 1 Framework of the proposed system 

 

 

Image Acquisition: Image acquisition is the first method 

of digital image processing and it is described as capturing 

the image through digital camera and stores it in digital 

media for further MATLAB operations. It is also an action 

of retrieving an image from hardware, so it can be passed 

through further process. In our work, using digital camera 

we captured healthy and diseased images of leaf & fruit as 

shown in fig. 2 for MATLAB image processing system. 

 

 
 

Fig 2 : Original image of the diseased leaf 

 

Image Pre-processing: The main purpose of image pre-

processing is to improve the image data contained 

unwanted distortions or to enhance some image features 

for further processing. Pre-processing method uses 

various techniques such as changing image size and 

shape, filtering of noise, image conversion, enhancing 

image and morphological operations. In this work, we 

used various MATLAB code to resize image, to enhance 

contrast and RGB to grayscale conversion as shown in fig. 

3 for further operations like creating clusters in 

segmentation. 

 

 

 
 

Fig 3: Contrast enhanced image 
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Image Segmentation: 

Image segmentation is the method for conversion of digital 

image into several segments and rendering of an image into 

something for easier analysis. Using image segmentation is 

used for locating the objects and bounding line of that 

image. In segmentation, we used K-means clustering 

method for partitioning of images into clusters in which at 

least one part of cluster contain image with major area of 

diseased part. The k-means clustering algorithm is applied 

to classify the objects into K number of classes according 

to set of features. The classification is done by minimizing 

sum of square of distances between data objects and the 

corresponding cluster. Image is converted from RGB Color 

Space to L*a*b* Color Space in which the L*a*b* space 

consists of a luminosity layer 'L*', chromaticity-layer 'a*' 

and 'b*'.All of the color information is in the 'a*' and 'b*' 

layers and colors are classified using K-Means clustering in 

'a*b*'space. From the results of K-means, labeling of each 

pixel in the image is done also segmented images are 

generated which contain diseases. In this experiment we 

used segmentation technique so input image is partitioned 

into three clusters for good segmentation result. The 

following fig. 4 shows leaf image segmentation with three 

clusters formed by K-means clustering method. 

 

 

 
 

Fig 4: Diseased leaf image clusters 

 

Feature Extraction: 

In feature extraction desired feature vectors such as color, 

texture, morphology and structure are extracted. Feature 

extraction is method for involving number of resources 

required to describe a large set of data accurately. 

Statistical texture features are obtained by Gray level co-

occurrence matrix (GLCM) formula for texture analysis 

and texture features are calculated from statistical 

distribution of observed intensity combinations at the 

specified position relative to others. Numbers of gray levels 

are important in GLCM also statistics are categorized into 

order of first, second & higher for number of intensity 

points in each combination .Different statistical texture 

features of GLCM are energy, sum entropy, covariance, 

information measure of correlation, entropy, contrast and 

inverse difference and difference entropy .E. 

 Training & Classification:  

Support vector machine is based on maximizing the 

minimum distance from the separating hyper plane to the 

nearest example. Only binary classification is supported in 

basic SVM, but in extension multiclass classification case 

can be possible. In these extensions, additional constraints 

and parameters are added to optimization problems for 

handling the separation of the different classes. SVM is 

a binary classifier that means the class labels can only take 

two values ±1. To get M-class classifiers, set of binary 

classifiers are constructed in this way f1 ,f2 …fM  and each 

are trained for separating one class from the rest. 

 
The gj(x) function returns the signed real value that can be 

interpreted as distance from separation of hyper plane to 

point x. Value can also be interpreted as a confidence 

value. The larger the value the more confident one is that 

the point x belong to the positive class. Hence, assign 

point x to the class whose confidence value is largest for 

this point. We used both K-means clustering & Multi 

SVM technique for classification and recognition of leaf 

and fruit disease. For creating database, image is acquired 

and passed through pre-processing, segmentation, features 

extraction then disease name is selected for given leaf or 

fruit and lastly data is stored in database. 

  

Advantages: 

• If variables are huge, then  K-Means most of the 

times computationally faster than hierarchical 

clustering, if we keep k smalls. 

• K-Means produce tighter clusters than 

hierarchical clustering, especially if the clusters 

are globular. 

• Relatively simple to implement. 

• Scales to large data sets. 

• Guarantees convergence. 

• Can warm-start the positions of centroids. 

• Easily adapts to new examples. 

• Generalizes to clusters of different shapes and 

sizes, such as elliptical clusters 

Applications: 

• Clustering analysis is broadly used in many 

applications such as market research, pattern 

recognition, data analysis, and image 

processing. 

• Clustering can also help marketers discover 

distinct groups in their customer base. And 

they can characterize their customer groups 

based on the purchasing patterns. 

• In the field of biology, it can be used to 

derive plant and animal taxonomies, 

categorize genes with similar functionalities 

and gain insight into structures inherent to 

populations. 

• Clustering also helps in identification of 

areas of similar land use in an earth 

observation database. It also helps in the 

identification of groups of houses in a city 

according to house type, value, and 

geographic location. 

• Clustering also helps in classifying 

documents on the web for information 

discovery. 
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• Clustering is also used in outlier detection 

applications such as detection of credit card 

fraud. 

• As a data mining function, cluster analysis 

serves as a tool to gain insight into the 

distribution of data to observe characteristics 

of each cluster. 

 

(V) RESULT 

This proposed method of image processing is done in 

MATLAB 2016b software. Image processing performed on 

leaf images and features are extracted from the disease 

affected cluster with the help of k-means clustering 

algorithm. The data considered in this paper is for  tomato.  

Twenty tomato samples are taken for Septoria Leaf spot 

and leaf mold disease. Tomato leaf diseases are classified 

with the help of artificial neural network .Fig 3 shows the 

disease affected cotton leaf and healthy cotton leaf which 

are loaded from the database. Below Fig  shows the clusters 

of the tomato leaf and cluster 3 shows the disease affected 

portion and other clusters, the healthy portion of the tomato 

 

 
 

 

(VI) CONCLUSION 

The accurate detection and classification of the plant 

disease is very important for the flourishing cultivation of 

crop and this can be done using image processing. There 

are various techniques to segment the plant disease. There 

are some Feature extraction and classification techniques to 

extract the features of infected leaf and the classification of 

plant diseases. The use of SVM methods for classification 

of disease in plants such as self-organizing feature map, 

back propagation algorithm, SVM etc. can be efficiently 

used. From these methods, we can accurately identify and 

classify various plant diseases using image processing 

techniques. The future work principally worries with the 

extensive database and propel advance feature of colour 

extraction that contains a better result of detection.. 

Another work worries with look into work in a specific 

field with thrust highlights and innovation. 
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ABSTRACT 

 

 

Forward collision warning systems, lane change assistants or cooperative 

adaptive cruise control are examples of safety relevant applications that rely on accurate 

relative positioning between vehicles. Current solutions estimate the position of 

surrounding vehicles by measuring the distance with a RADAR sensor or a camera 

system. One promising approach to extend the perception range of these sensors is the 

exchange of GNSS raw data measured from a vehicle to a set of satellites by using a 

intervehicle communication link. The aim of this approach is to cancel correlated errors 

in both receivers and thus achieving a better relative position estimate. The present 

project shows the potential of this differential approach by showing the results of a 

series of short-baseline experiments conducted in a simulated environment. The impact 

of uncorrelated errors that are not canceled out by differentiation, such as noise and 

multipath, is analyzed in depth and verified by simulations. The results show that in 

clear sky conditions and in absence of multipath propagation, the baseline of a vehicle 

can be estimated using GNSS pseudorange double differences with less than one meter 

of error. Multipath might severely degrade this performance, even in the case of a short 

baseline experiment.  
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CHAPTER – 1 

INTRODUCTION 

1.1 BASIC INTRODUCTION 

Advanced Driver Assistance Systems (ADAS) play an important role in increasing 

thesafety on today’s roads while the knowledge about other vehicle’s position is a 

fundamental prerequisite for numerous safety critical applications in the Intelligent 

Transportation Systems (ITS) domain. As an example forward collision warning (FCW) 

systems, lane change assistants or adaptive cruise control (ACC) are examples of safety 

relevant applications that rely on accurate relative localization of surrounding vehicles. 

While FCW requires precise position and dynamic behavior of vehicles driving 

immediately in front, lane change assistants additionally need to localize neighboring 

vehicles behind or next to the ego vehicle. ACC systems on the other hand, not only 

need to localize the vehicle driving immediately in-front but also other vehicles ahead. 

This way these systems are able to better predict the platoon dynamics, react 

comfortably to sudden speed variations ahead and decrease the inter-vehicle distance.  

Current solutions estimate the position of surrounding vehicles by measuring the 

distance with a RADAR, laser scanner or a camera system. In the last years RADAR 

sensors are rapidly decreasing in price and can be found even in medium-range compact 

cars. While their along track resolution is quite high, they lack a good angular 

resolution. Stereo vision systems, on the other hand, lack sufficient depth information at 

relatively good cross accuracy. Laser scanners outperform both at a higher cost [1]. 

However, all three solutions have a limitation in their perception range, as all of them 

can only detect objects in their line-of-sight (LOS).  

                    The limited perception range of these sensors can be extended and 

enhanced by the use of cooperative approaches. In recent year big steps in the 

standardization of inter-vehicle communication have been achieved in Europe, North 

America and Japan. The standards IEEE802.11p or ITS-G5 allow to exchange 

information directly between vehicles up to a range of several hundreds of meters. The 

European Telecommunications Standards Institute (ETSI) is currently working on the 

definition of different safety critical messages for the European Car-to-Car technology. 

Each vehicle will transmit periodically Cooperative Awareness Messages (CAM) [2] 
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containing basic information such as position, speed and heading. The global 

coordinates are used by a vehicle to estimate its neighbors’ positions. The own 

coordinates might be estimated using a Global Navigation Satellite System (GNSS), 

like the American GPS System or the future European Galileo System. This estimate 

can be additionally enhanced by supporting it with on-board inertial sensors or 

odometers. 

                A further possibility, though not standardized, is to exchange the GNSS raw 

measurements among the vehicles and estimate the baseline vector between the receiver 

antennas by differentiation. This approach is analogous to Differential GPS (DGPS), 

where a static base station transmits correction data to nearby located rover stations. 

However, in the raw GNSS differential approach for vehicles none of the nodes has the 

predominant role of the base station. The advantage of a raw GNSS differential 

approach is that correlated errors in both receivers are expected to cancel out.  

               This paper aims at analyzing this raw GNSS differential approach in different 

scenarios. A series of zero-baseline measurements both, static and dynamic, have been 

performed in a controlled environment. In a zero-baseline experiment two GPS 

receivers are connected to the same antenna and thus yielding a true baseline of zero 

meters. A Spirent GNSS Constellation Simulator System has been used for verifying 

the cancellation of common errors and the propagation of uncorrelated errors. As a 

motivation Fig. 1 shows the pseudorange double differences to the satellites in view in a 

zero-baseline experiment during a trip on a rural road. From 50 s to 150 s the vehicle 

drives through a small village, while from 150 s the vehicle drives in an open area next 

to fields. However, at 200 s trees at both sides of the road provoke partial shadowing of 

the satellites.  

              In the absence of errors the double difference pseudorange measurements in a 

zero-baseline experiment must be equal zero. It could be argued that multipath and 

noise might be correlated in both receivers and also be canceled out by differentiation. 

Fig. 1, however, reveals large errors above 10 m when obstacles next to the road are 

present. This paper will analyze and quantify these errors.  

                 The experiments show that the proposed pseudorange double differencing 

technique yields an unbiased estimate of the baseline in the absence of multipath 

propagation. While common atmospheric errors are found to cancel out correctly, 
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multipath propagation, however, has shown to produce errors far above 10 m. The 

technique is able to correctly cope with dynamic stress situations that can be 

encountered in the road environment.  

                 This paper is structured as follows: The following section presents related 

work of other groups stating shortly their contribution, their assumptions and their 

results. The third section describes the pseudorange differencing algorithm for 

estimating the baseline between two vehicles. Synchronization, noise, multipath and 

communication load are aspects that are specially addressed in successive subsections. 

Section IV describes the differencing experiments that have been performed along with 

the results that have been retrieved. Finally, Section V presents the conclusions of this 

work. 

 

1.2 IRNSS OR NavIC 

1.2.1 INTRODUCTION  

IRNSS is an independent regional navigation satellite system being developed by India. 

It is designed to provide accurate position information service to users in India as well 

as the region extending up to 1500 km from its boundary, which is its primary service 

area. An Extended Service Area lies between primary service area and area enclosed by 

the rectangle from Latitude 30 deg South to 50 deg North, Longitude 30 deg East to 130 

deg East. 

IRNSS will provide two types of services, namely, Standard Positioning Service (SPS) 

which is provided to all the users and Restricted Service (RS), which is an encrypted 

service provided only to the authorised users. The IRNSS System is expected to provide 

a position accuracy of better than 20 m in the primary service area. 

1.2.2 SIGNIFICANCE OF NavIC 

• It give real time information for 2 services i.e standard positioning service open 

for civilian use and Restricted service which may be encrypted for authorised 

user like for military. Currently we uses GPS system of USA for navigation. 
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• India became one of the 5 countries having their own navigation system like 

GPS of USA, GLONASS of Russia, Galileo of Europe and BeiDu of China. So 

India dependence on other countries for navigation purposes reduces. 

• It will help in scientific & technological advancement of India. 

• It will make Indian Armed Forces self-reliant. While advanced nations like US 

and Russia are having GPS and GLONASS, countries like China, European 

Union and Japan are trying to have their own full-fledged or partial 

constellations. 

• Further with an extensive coverage, one of the stated future use of the project 

includes sharing of the project with the SAARC nations. This will help in 

integrating the regional navigation system further and a diplomatic goodwill 

gesture from India towards countries of the region. 

• It is important for the country’s sovereignty and strategic requirements. 

 

1.3SYSTEM DESCRIPTION OF IRNSS  

The IRNSS system comprises a space segment and a support ground segement . 

1.3.1 SPACE SEGMENT  

The constellation consists of 8 satellites. Three of the eight satellites are locate in 

geostationary orbit (GEO) at 32.5° E, 83° E, and 131.5° E longitude approximately 

36,000 km (22,000 mi) above earth surface. Remaining five satellites are in 

inclined geosynchronous orbit (GSO). Two of them cross equatorat 55° E and two at 

111.75° E. The four GSO satellites will appear to be moving in the form of ‘8’. 

1.3.2 GROUND SEGEMENT 

Ground Segment is responsible for the maintenance and operation of the IRNSS 

constellation. The Ground segment comprises: 

• IRNSS Spacecraft Control Facility (IRSCF) 

• ISRO Navigation Centre (INC) 

• IRNSS Range and Integrity Monitoring Stations (IRIMS) 
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• IRNSS Network Timing Centre (IRNWT) 

• IRNSS CDMA Ranging Stations (IRCDR) 

• Laser Ranging Stations 

• IRNSS Data Communication Network (IRDCN) 

                                   

                                           Figure 1.1 An IRNSS Series 1 Satellite 

 

The IRSCF is operational at Master Control Facility (MCF), Hassan and Bhopal. The 

MCF uplinks navigation data and is used for tracking, telemetry and command 

functions. Seven 7.2-metre (24 ft) FCA and two 11-metre (36 ft) FMA of IRSCF are 

currently operational for LEOP and on-orbit phases of IRNSS satellites. 

The INC established at Byalaluperforms remote operations and data collection with all 

the ground stations.The ISRO Navigation Centers (INC) are operational at Byalalu, 

Bengaluru and Lucknow. INC1 (Byalalu) and INC2 (Lucknow) together provide 

seamless operations with redundancy. 

14 IRIMS are currently operational and are supporting IRNSS 

operations. CDMAranging is being carried out by the four IRCDR stations on regular 

basis for all the IRNSS satellites. The IRNWT has been established and is providing 

IRNSS system time with an accuracy of 2 ns(2.0×10−9 s) (2 sigma) w.r.t UTC. Laser 

ranging is being carried out with the support of ILRSstations around the world. 

Navigation Software is operational at INC since 1 Aug 2013. All the navigation 

parameters viz. satellite ephemeris, clock corrections, integrity parameters and 

secondary parameters viz. iono-delay corrections, time offsets w.r.t UTC and 

other GNSS, almanac, text message and earth orientation parameters are generated and 

uploaded to the spacecraft automatically. The IRDCN has established terrestrial 

and VSAT links between the ground stations. As of March 2021, ISRO and JAXAare 

https://en.wikipedia.org/wiki/Second
https://en.wikipedia.org/wiki/File:IRNSS_Series_1.jpg
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performing calibration and validation experiments for NavIC ground reference station 

in Japan.ISRO is also under discussion with CNES for a NavIC ground reference station 

in France.ISRO is planning a NavIC ground station at Cocos (Keeling) Islandsand is in 

talks with Australian Space Agency. 

 

1.3.3 SIGNAL  

NavIC signals will consist of a Standard Positioning Service and a Precision Service. 

Both will be carried on L5 (1176.45 MHz) and S band (2492.028 MHz).The SPS signal 

will be modulated by a 1 MHz BPSK signal. The Precision Service will use BOC(5,2). 

The navigation signals themselves would be transmitted in the S-bandfrequency (2–

4 GHz) and broadcast through a phased array antenna to maintain required coverage 

and signal strength. The satellites would weigh approximately 1,330 kg (2,930 lb) and 

their solar panels generate 1,400 W. 

A messaging interface is embedded in the NavIC system. This feature allows the 

command center to send warnings to a specific geographic area. For example, fishermen 

using the system can be warned about a cyclone. 

 

1.3.4 ACCURACY 

The system is intended to provide an absolute position accuracy of better than 10 metres 

(33 ft) throughout Indian landmassand better than 20 metres (66 ft) in the Indian Ocean 

as well as a region extending approximately 1,500 km (930 mi) around India.The Space 

Applications Centre in 2017 said NavIC will provide standard positioning service to all 

users with a position accuracy up to 5 m. The GPS, for comparison, had a position 

accuracy of 20–30 m.Unlike GPS which is dependent only on L-band, NavIC has dual 

frequency (S and L bands). When low frequency signal travels through atmosphere, its 

velocity changes due to atmospheric disturbances. US banks on atmospheric model to 

assess frequency error and it has to update this model from time to time to assess the 

exact error. In India's case, the actual delay is assessed by measuring the difference in 

delay of dual frequency (S and L bands). Therefore, NavIC is not dependent on any 

model to find the frequency error and is more accurate than GPS. 
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1.4 SATELLITE BASED SYSTEMS 

The navigation world has just witnessed an important milestone: the advent and 

full operability of a number of different satellite navigation systems aiming at 

competing with and complementing the GPS authority. Europe is urging the 

deployment of its Galileo global satellite system, Russia is radically modernizing its 

global orbiting navigation satellite system (GLONASS), and Japan and India have their 

own regional systems under development, while China is converting its initial regional 

Beidou system into a global one. The United States itself is investing significant 

resources for GPS modernization. The advent of this new panorama in the sky has 

fostered worldwide research in the field of satellite navigation and is going to deeply 

change the market of navigation receivers as well as the consumers' perspective, with 

new applications, new services, and increased availability. However, the undisputed 

lead among satellite-based systems belongs nowadays to GPS. 

GPS is a satellite-based radio navigation system used to compute precise time and 

three-dimensional position anywhere on the earth. An illustration is provided in Fig(1.2) 

GPS position solutions are accomplished by obtaining signal TOA measurements, 

or pseudoranges, from a minimum of four GPS satellites. These raw pseudoranges are 

the measured distances along the line of sight (LOS) of the signals broadcast by each of 

the Nsat satellites. The pseudorange ρk, for each satellite k, is 

  ρk=   √(𝑥𝑘 − 𝑥𝑢)2 +  (𝑦𝑘 − 𝑦𝑢)2 + (𝑧𝑘 − 𝑧𝑢)2  +C.∆. 𝑏𝑢k=1,2…,Nsat, 

where xk, yk, and zk are the Earth-centered, Earth-fixed (ECEF) coordinates for 

satellite k, and c is the speed of light. The subscript u represents the user and xu, yu, 

and zu are the user's ECEF coordinates. The user clock bias, Δbu, is the offset between 

the receiver time reference and the (unknown) GPS time. A set of (at least) four such 

equations is linearized and iteratively solved for the user position and clock bias using a 

least-squares (LS) computation. The user's clock bias is a time-varying term that affects 

all pseudoranges and is caused by the following factors: 

• Local oscillatordrift and bias 

• Antenna and receiver propagation/processing delays. 

• Satellite payload filter (analog and digital) propagation delays. 

 



SHORT-BASELINE MEASUREMENT OF NavIC SATELLITES FOR RELATIVE 
POSITIONING IN VEHICULAR ENVIRONMENTS 

 

Dept. of. ECE, GPCET, Kurnool   
9 
 

                     
 

   

Figure 1.2 : Basic Satellite Structure  

 

 

In principle, highly accurate position solutions may be obtained by solving the system 

of equations mentioned earlier. However, in general, there are several primary error 

sources to GPS. Two of these include unknown atmospheric errors, or delays, 

introduced by the ionosphere and troposphere. These effects cause the LOS signal to 

actually arrive later than predicted by the pseudorange equation. Multipathpropagation 

is another primary pseudorange error source. Multipath signals are (usually undesired) 

signal reflections from the ground or other nearby obstacles. As opposed to the 

atmospheric effects, which directly affect the LOS signal TOA, multipath causes the 

GPS receiver to make erroneous measurements of the TOA of the signal. 

 

1.5GNSS (GLOBAL NAVIGATION SATELLITE SYSTEM) 

1.5.1 GNSS INTRODUCTION 

Christopher Columbus wasn’t the first person to propose the world was round. Far from 

it. By the fifth century BCE, many Greek scholars had accepted a spherical earth as fact. 

Around 240 BCE, Eratosthenes, a Greek mathematician, poet, athlete, geographer and 
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astronomer—a Renaissance man—ingeniously calculated the radius of the earth with 

surprising accuracy.  

Although Columbus knew the earth was round, he had obviously not read or agreed 

with Eratosthenes, for he significantly underestimated its size. He projected that 

heading west, the distance from the Canary Islands to Japan was 3,700 km, not 19,600 

km as we now know it to be. Had Columbus known the true distance, he may have lost 

heart. He would certainly have had trouble convincing others to fund his first voyage or 

to sail with him.  

Columbousnavigated to the New World using dead reckoning, the technique of 

estimating one’s current position based on a previously determined one. For example if 

I head west from a known location at 10 km/hr then, in two hours, I will be 20 km west 

of my starting point. The challenge in dead reckoning was the accurate and regular 

estimation of speed and heading.  

A great deal of exploration was carried out at a time when positioning was not a very 

exact science, sometimes with dire consequences. In 1707, several ships of the Royal 

Navy struck the rocks near the Isles of Scilly, southwest of Cornwall, with a loss of four 

ships and 1,400 men. Navigational error was blamed. Although it is not certain whether 

the error was in the determination of longitude or latitude, the tragedy led to the 

Longitude Act of 1714. Through this act, the British government offered prizes for 

people Who could solve or advance the problem of accurately determining 

longitude, including one of £10,000 for a method that could determine longitude 

to within 60 nautical miles, about 111 kilometers. 

Although none of the larger prizes offered by the Longitude Act were ever awarded, the 

initiative led to the development of many navigation techniques and equipment, 

including significant improvements in shipborne chronometers (clocks), then critical to 

the accurate determination of longitude. With the advent of radio in the early 1900s, 

time signals were sent to ships, which could use the signal to regularly adjust 

their chronometers. In the 1940s, LORAN (LOng-RANge navigation system) was 

introduced. This allowed ships to triangulate their position using radio signals from 
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LORAN stations at known shore-based locations. The first satellite, Sputnik, was 

launched in 1957 and it was not long before scientists contemplated working back from 

a known satellite orbit to determine a position on earth. Many of the problems faced by 

earlier navigators were quickly becoming historical footnotes.  

What has most significantly changed navigation techniques is the advent of Global 

Navigation Satellite Systems (GNSS), which started with the launch of the U.S. 

Department of Defense Global Positioning System (GPS) in the late 1970s. Early 

applications of GNSS were developed for the military and soon expanded to the survey 

and mapping industries—driven largely by the tremendous advances in accuracy, 

efficiency as well as cost reductions. Now, vehicles, whether on land, in the air or at 

sea—routinely rely on the precise positioning information provided by GNSS 

technology. In fact, the ready adoption of the technology, from mining to unmanned, 

and the increasingly complex requirements for positioning, anywhere, anytime, 

is driving innovation in the industry that includes the integration of GNSS technology 

with a variety of other sensors and methodologies. This multifusion approach is sure to 

drive innovation in the industry for many years to come.  
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 BASIC LITERATURE REVIEW  

❖ Richter et al. introduce a relative localization approach on the basis of the 

exchange of GNSS pseudorange data in [3].  

❖  In [4], Alam et al. present a tight integration approach, where pseudorange 

observations from two vehicles are subtracted from each other.  

❖  Yang et al. estimate the baseline between the vehicles using a Weighted Least 

Squares algorithm and weighting each pseudorange according to the received 

carrier to noise ratio ( C N0 ) [5].  

❖ Han et al. [6] propose a relative positioning system for vehicles based on 

pseudorange single differences 

❖  Yang compares two methods for calculating the absolute position for a DGPS 

system [7].  

❖ Garc´ıa et al. perform different zero baseline experiments on the roof of a 

building. GNSS carrier phase measurements are extrapolated with Doppler 

measurements to account for the non-synchronization of different receivers [8]. 

❖ In [9] Alam et al. present a cooperative positioning approach based on 

pseudorange double differences.  

❖ Yang et al. [5] propose a weighted least squares method with pseudorange 

double differences to estimate a baseline between two antennas.  

❖ Zhenhua et al. formulate a Bayesian fusion of an Inertial Navigation System 

(INS) with GPS for absolute positioning where the multipath contributions on 

each pseudorange are explicitly modeled [10] using time correlation constants 

from [11], [12], and [13].  

❖ Marchand et al. characterize the multipath contribution on code and Doppler in 

dense urban environments by using a double difference based method [14].  

❖  A number of groups have addressed the relative positioning problem of vehicles 

by solving differenced carrier phase ambiguities rather than using differenced 

pseudorange techniques [15], [16] , [17], [18]. The potential of this approach 
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comes from the fact that noise in the phase-locked loop (PLL) is smaller by 

several orders of magnitude [13]. 

 

2.2 RELATED WORK 

 
The idea of differencing GNSS measurements is known since the early years of GPS. 

Differential GPS was born as the idea to overcome the random satellite clock error and 

ephemeris data truncation to artificially decrease the system’s accuracy for civil users, 

also known as Selective Availability (SA). In DGPS a receiver located at a known 

position (base station) can determine the artificial offset on the range towards each 

satellite and send this information to other receivers (rover). Since SA is an error 

common to all receivers the broadcasted offset could be directly used to correct each 

pseudorange prior calculating the absolute position.  

                       A series of research groups have proposed the concept of pseudorange 

differentiation for vehicles by moving from the classic base-station/rover setup for 

absolute position towards a two-rover for relative position estimation. Richter et al. 

introduce a relative localization approach on the basis of the exchange of GNSS 

pseudorange data in [3]. They formulate the mathematical problem but their work is not 

backed by real world measurements. In [4], Alam et al. present a tight integration 

approach, where pseudorange observations from two vehicles are subtracted from each 

other. This “cooperative positioning” approach yields a standard deviation error of 3.4 

[meters] for a 12 minute run in mainly sub-urban environment. Here the uncorrelated 

errors not removed by double differencing are treated as observation noise. Yang et al. 

estimate the baseline between the vehicles using a Weighted Least Squares algorithm 

and weighting each pseudorange according to the received carrier to noise ratio ( C N0 ) 

[5]. Their approach achieves an average distance error of around 3 meters over several 

thousand samples. Although the effect of the environment and multipath have the 

largest error contributions they stay unaddressed. Zero-baseline experiments have been 

conducted for various purposes by different groups. In general it is assumed that 

multipath effects cancel out in a zero baseline experiment. Han et al. [6] propose a 

relative positioning system for vehicles based on pseudorange single differences. They 

assume similar uncorrelated error in both receivers and state that their solution is 

unbiased. Their experiments are performed on a open-sky sports field with a robotic 
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vehicle equipped with two antennas placed next to each other. They assume in this 

setup a baseline of zero length as their ground truth. Yang compares two methods for 

calculating the absolute position for a DGPS system [7]. Unfortunately the measuring 

environment is not described in order to conclude if multipath could have been indeed 

discarded. The figures contain slow varying effects that cannot be assumed to be noise. 

Garc´ıa et al. perform different zero baseline experiments on the roof of a building. 

GNSS carrier phase measurements are extrapolated with Doppler measurements to 

account for the non-synchronization of different receivers [8]. 

                   In [9] Alam et al. present a cooperative positioning approach based on 

pseudorange double differences. In their approach noise and multipath at each channel 

is modeled together as an independent Gaussian error. The variance of this error is 

considered the same for each channel. Yang et al. [5] propose a weighted least squares 

method with pseudorange double differences to estimate a baseline between two 

antennas. Multipath errors are not modeled explicitly and are assumed not to be severe. 

Experimental results with static 3 meters and 8 meters baseline on a rooftop yield 

baseline length errors of up to 40 meters. They mention the problem of non-

synchronization of measurement in two receivers, however, they do not explicitly solve 

it. Zhenhua et al. formulate a Bayesian fusion of an Inertial Navigation System (INS) 

with GPS for absolute positioning where the multipath contributions on each pseudo 

range are explicitly modeled [10] using time correlation constants from [11], [12], and 

[13]. Marchand et al. characterize the multipath contribution on code and Doppler in 

dense urban environments by using a double difference based method [14]. They 

assume the availability of a base station in a multipath environment and one 

uncorrupted common satellite.  

                    A number of groups have addressed the relative positioning problem of 

vehicles by solving differenced carrier phase ambiguities rather than using differenced 

pseudorange techniques [15], [16] , [17], [18]. The potential of this approach comes 

from the fact that noise in the phase-locked loop (PLL) is smaller by several orders of 

magnitude [13]. In order to determine the range towards the satellite the integer number 

of cycles has to be resolved. This task is speciallydifficult in vehicular environments 

due to signal disturbances, satellite blockage and multipath, which lead to cycle slips 

that will reset the resolution algorithm. 
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2.3 LITERATURE REVIEW FOR GNSS  

2.3.1 INTRODUCTION TO GNSS 

The literature review began with an overview of how navigation evolved from using the 

stars, first used by the Chinese, the Phoenicians and Vikings, to the magnetic compass, 

to radio direction finding in the Second World War, and to the Global Navigation 

Satellite Systems (GNSS) in use today. Regarding space-based navigation systems, 

there is one fully operational GNSS (GPS), a partially operational system (GLONASS), 

a proposed European GNSS (Galileo), and numerous satellite and ground-based GNSS 

augmentation systems. The literature review [Reference 1] attempted to analyze 

existing navigation infrastructures, and to determine the current state of affairs for the 

following aspects: applications, engineering design, economic contribution, and legal! 

policy framework. Also, the proposed Galileo system was extensively reviewed because 

it is a unique, currently ongoing, case study which demonstrates clearly the challenges 

facing the development of a new GNSS. 

 

2.3.2 ASPECTS OF APPLICATIONS  

Navigation systems today rely on either a pure or an augmented GNSS, while only 

interplanetary navigation relies on a totally ground-based navigation system. The range 

of applications covers a wide spectrum besides the military arena that Originally 

spurred the creation of the system. The major areas utilizing GNSS are now transport, 

agriculture, science, and spacecraft navigation, while hand-held GPS receivers are used 

for leisure activities such as hiking and boating.  

The aviation industry is accepting the use of GNSS and augmented systems for long-

haul flights, landing at airports and airspace surveillance, to improve the effectiveness 

and security of the increasingly congested airspace. Unmanned Aerial Vehicles (UAY) 

take navigation systems a step further and closer to fully autonomous aircraft. In 

emergency situations GNSS are useful. For example, a hiker lost in fog can find his way 

home safely, or a ship in distress can be located. In the near future, when devices 

combining cell phones and GNSS receivers become common, anyone involved in, or 

witness to, an accident will be able to inform the emergency services of its exact 

location when calling for assistance. 
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            The environment will also benefit from the use of these systems. A farmer will 

no longer have to fertilize the entire field with a fixed amount per square meter, sea and 

coastal regions will suffer from fewer oil spills when ships are navigating safely around 

dangerous cliffs, and the air pollution in cities will be reduced by traffic management 

systems, which remove cars from dense traffic and areas with many traffic lights. Also, 

the scientific community and the spacecraft industry itself are increasingly using GNSS. 

On board satellites or aircraft, GNSS receivers are aiding studies in geology, hydrology, 

meteorology and oceanography, leading to an increasing knowledge of both the Earth's 

climate and solid Earth dynamics, as well as providing the possibility for early warning 

systems for storms and earthquakes. GNSS for orbit determination of spacecraft used 

for more than a decade are now finding other application areas such as altitude 

determination and maintaining a formation-flying constellation. For example, the 

navigation system of the Automated Transport Vehicle (ATV), which will perform 

rendezvous-and-docking operations with the International Space Station (ISS), includes 

GPS receivers. 

 

2.3.3 ASPECTS OF ENGINEERING  

The four primary areas of ground operations, space operations, spacecraft deSign, 

and user interfaces, were reviewed to establish a full understanding of the current 

operational systems which provide services for all applications.  

In general, a GNSS requires:  

• A control segment, e.g., ground stations for maintaining the system  

• A space segment (a constellation of spacecraft) 
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CHAPTER 3 

PROPOSED METHOD 

3.1 PSEUDORANGE DIFFERNCING  

The pseudorange differencing approach for relative positioning of vehicles relies on the 

double differentiation of pseudorange measurements. A pseudorange is an estimation of 

the distance (range) between the antennas of a GNSS satellite orbiting the Earth and a 

GNSS receiver on the ground. The range is attained by measuring the propagation time 

through the atmosphere of a signal transmitted by the satellite. Since a receiver is 

usually equipped with an inexpensive, inaccurate and unsynchronized oscillator, the 

measured distance is offset by an unknown amount. Additionally, the pseudorange is 

also corrupted by a series of errors produced at the satellite, the atmosphere or the 

receiver. The measured pseudorange  𝜌𝑖
𝑘of a receiver i towards a satellite k can be 

modeled as follows:  

𝜌𝑖
𝑘 = 𝑅𝑖

𝑘  + 𝜏𝑒𝑟𝑟𝑜𝑟 . c      -------→(1)  

where Rki is the true receiver-to-satellite geometric range in meters, c is the speed of 

light, and 𝜏𝑒𝑟𝑟𝑜𝑟 are the pseudorange errors in seconds. The pseudorange errors are 

divided in different terms corresponding to the different error sources:  

𝜏𝑒𝑟𝑟𝑜𝑟 = 𝜏𝑠𝑎𝑡 + 𝜏𝑢𝑠𝑒𝑟 + 𝜏𝑒𝑝ℎ𝑒𝑚 + 𝜏𝑖𝑜𝑛 + 𝜏𝑡𝑟𝑜𝑝 + 𝜏𝑚𝑝 + 𝜏Є-------→ (2)  

 

3.2 DIFFERENT ERROR SOURCES OF PSEUDO RANGE 

DIFFRENCING 

 

Satellite Clock Error (𝝉𝒔𝒂𝒕):  

         This term represents the error in the signal transmission time due to the satellite 

on-board clock. Each satellite is equipped with an atomic clock. Although atomic clocks 

are highly accurate, their errors are large enough to require correction and must be taken 

into account. The satellite clock error is typically less than 1ms and varies slowly. 

Receiver Clock Error (𝝉𝒖𝒔𝒆𝒓):  

           Likewise, the receiver clock error must be included in the pseudorange error 

model. Receivers incorporate a quartz crystal oscillator that is far less accurate than the 
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atomic clocks on board of the satellites. This error also includes the instrumental delay 

due to antenna, cable and filters.  

 

Ephemeris Error (𝝉𝒆𝒑𝒉𝒆𝒎):  

To calculate the receiverposition the position of each satellite needs to be known. The 

calculation of satellite position is made byusing orbital parameters broadcasted in the 

ephemeris data. Errors in satellite position when calculated from the ephemeris data are 

represented as an additional delay error term in the measured pseudorange.  

Tropospheric Error (𝝉𝒕𝒓𝒐𝒑):  

         The lower part of the Earth’s atmosphere is composed of dry gases and water 

vapor which produce a delay error in the GNSS signal’s propagation time in 

comparison to a vacuum environment. Thus, the measured pseudorange is larger than 

the correct value. This error depends on the path the signal has to travel through the 

atmosphere and therefore depends on the satellite elevation angle. 

IonosphericError (𝝉𝒊𝒐𝒏):  

         The ionosphere consists of gases that are ionized by solar radiation. The ionization 

produces clouds of free electrons that act as a dispersive medium for GNSS signals in 

which propagation velocity is a function of frequency. Ionospheric delay error varies 

over time in a daily cycle and, just as well as the tropospheric error, are highly 

dependent of the satellite elevation angle. 

 Multipath Error (𝝉𝒎𝒑):  

        Objects in the vicinity of a receiver antenna may cause reflections of GNSS signals 

resulting in one or more secondary propagation paths. These secondary-path signals 

always have a longer propagation time and can significantly distort the amplitude and 

phase of the direct-path signal. In case the LOS component is blocked by the 

environment the correlators might track a secondary path causing a large error in the 

estimation.  

Non-modeled Error (𝝉Є): 

         This term collects all the non-modeled errors.  

3.3 SINGLE PSEUDO RANGE DIFFERENCING MEASUREMENT 

              A single difference measurement ∆𝜌𝑖𝑗
𝑘  is obtained by subtracting the 

pseudorange measurements from two different receivers referred to the same satellite k. 
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A single differenced pseudorange measurement can be expressed therefore in the 

following way:  

∆ 𝜌𝑖𝑗
𝑘 =  ∆𝑅𝑖𝑗

𝑘  + ∆𝜏𝑒𝑟𝑟𝑜𝑟 . c      ---------→ (3)  

               where the symbol ∆ denotes the difference between the corresponding terms in 

the two receivers i and j.  ∆𝑅𝑖𝑗
𝑘  is the projection of the baseline in direction to satellite k 

and is the term we are interested in. The error term ∆𝜏𝑒𝑟𝑟𝑜𝑟 represents the difference of 

the error terms between receivers. Under a close proximity assumption the terms 

𝜏𝑖𝑜𝑛 ,  𝜏𝑡𝑟𝑜𝑝 and 𝜏𝑒𝑝ℎ𝑒𝑚 are nearly canceled out with the single difference operation, as 

well as the satellite clock error  𝜏𝑠𝑎𝑡  that is canceled out completely. The remaining 

pseudorange error terms are divided in different terms corresponding to the different 

error sources: 

                                    ∆𝜏𝑒𝑟𝑟𝑜𝑟≈ ∆𝜏𝑢𝑠𝑒𝑟 + ∆ 𝜏𝑚𝑝 + ∆𝜏Є-------→(4) 

 

3.4 DOUBLE PSEUDO RANGE DIFFERENCING MEASUREMENT 

               By subtracting two single differences towards two different satellites k and l a 

double difference measurement ∆ 𝜌𝑖𝑗
𝑘𝑙is computed. With this procedure the common 

error to both satellites is canceled. This is the case for the user clock error 𝜏𝑢𝑠𝑒𝑟.  A 

double difference pseudorange measurement is expressed in the following way 

∇∆ 𝜌𝑖𝑗
𝑘𝑙 =  ∇∆𝑅𝑖𝑗

𝑘𝑙 + ∇∆𝜏𝑒𝑟𝑟𝑜𝑟· c    --------→(5)   

 where the symbol ∇∆ denotes the difference between the corresponding terms in the 

two single differences.  ∇∆𝑅𝑖𝑗
𝑘𝑙is the projection of the baseline in differenced direction to 

satellites k and l.The error term  ∇∆𝜏𝑒𝑟𝑟𝑜𝑟 represents the remaining differential error 

term between two receivers and two satellites: 

∇∆𝜏𝑒𝑟𝑟𝑜𝑟 ≈∇∆𝜏𝑚𝑝  + ∇∆𝜏Є -----------→ (6)  

The remaining errors are mainly multipath and nonmodeled errors like thermal noise 

and interferences. It should be noticed that, while common errors terms are nearly 

canceled out by differencing, uncorrelated error terms increase the noise variance within 

this operation likewise.  

 

Figure (3.1) shows the geometric relationship between the vehicles and the satellites. 

The baseline b˜  = [𝑏𝑥𝑏𝑦𝑏𝑧]𝑇  between two vehicles is a vector in space expressed in a 
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global coordinate frame (earth-centered, earth-fixed - ECEF). Each doubledifference 

measurement ∇∆ 𝜌𝑖𝑗
𝑘𝑙 is a projection of the baseline vector b˜ in the direction of the 

differenced satellite vector 𝑢~𝑘𝑥 . 

𝑢~𝑘𝑥= 𝑢~𝑘- 𝑢~𝑥   ---------------→(7) 

 

 

 

 
 

Figure 3.1 :  Satellite Based Relative Positioning Using Double Differencing 
 

3.4.1 COMMUNICATION LOAD 

A brief analysis on the requirements on the communication channel comparing both, the 

exchange of raw data and the exchange of absolute position information, will follow 

next. Based on the previous theoretical baseline computation the vehicles have to 

exchange the pseudoranges measured towards the satellites along with the 

corresponding Space Vehicle ID. Using 4 Bytes for each pseudorange measure, 
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millimeter precision can easily be achieved. With the current GPS constellation 

consisting of 32 satellites, a receiver on the ground at medium latitudes is able to track a 

maximum of 13 GPS satellites. The usage of low elevation satellites is not 

recommended due to their greater atmospheric delay and their susceptibility to suffer 

stronger multipath [13]. The pseudoranges are assumed to have been extrapolated by 

the clock offset to the nearest point in the common time grid. This timestamp has to be 

exchanged in order to precisely align the pseudo ranges in different cars. The time of 

week consists of the seconds passed since midnight Saturday/Sunday GPS time. Taking 

into account that the proposed relative positioning system will work in real time, it is 

not necessary to transmit the whole integer of seconds of week, a number that can grow 

up to 604800 and would require 20 bits for transmission. Assuming a minimum CAM 

transmission rate of 1Hz [2], it is sufficient to transmit the last bit of the second of week 

to unambiguously relate the measurements at the transmitter. Another 10 bit can be used 

for the fractional part in ms for measurements performed at higher rates than 1 Hz. 

Thus, for instance, a device producing raw data at 4Hz could timestamp the data in the 

following way: 0.250, 0.500, 0.750, 1.000, 1.250, 1.500, 1.750, 0.000, 0.250, etc. This 

way, the maximum amount of data needed to be exchanged in every CAM message for 

pseudorange differentiation would yield 427 bit or 54 Bytes. Compared to the 14 Bytes 

needed to transmit latitude, longitude, altitude and timestamp values in the current 

CAM standard, the proposed approach needs four times more Data.  
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CHAPTER – 4 

SOFTWARE TOOL USED & HARDWARE EQUIPMENT 

 

4.1 SOFTWARE TOOL USED  

4.1.1 MATLAB INTRODUCTION 

Matlab or Matrix Laboratory is a high-level programming language consisting of an 

interactive environment mainly used for numeric computation, programming, and 

visualization. It has been developed by MathWorks. The basic functions of Matlab are 

plotting of functions and data, the creation of user interfaces, matrix manipulations. It 

also provides support for interfacing with other programming languages in C, C++, 

Fortran, and Java. Besides, it is also used to analyze data, create models and 

applications, and also develop algorithms. Along with all this, introduction to Matlab 

also provides numerous built-in functions for mathematical operations involving 

numerous calculations, performing numerical methods, generating plots, and a lot of 

other functions. Matlab also has a very good scope in the automotive domain using 

Rapid control Prototyping or RCP used extensively in medical, automotive, and 

aerospace domains. 

 

4.1.2 CHARACTERISTICS 

Matlab is a versatile tool designed for computational mathematics and supports lots of 

other operations. Below given are a few of the characteristics that make Matlab an 

intelligent tool – 

1. Matlab contents are a huge library of built-in functions providing support for 

various mathematical functions like filtering, optimization, Fourier analysis, 

linear algebra, statistics, numerical integration and solving differential 

equations. 

2. Matlab is a high-level language used for visualization, application development, 

and numerical computation. 

3. Matlab provides support for creating custom plots and data visualization with its 

built-in support for graphics. 

https://www.educba.com/what-is-data-visualization/
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4. Matlab also supports an iterative environment helping to design and problem 

solving along with iterative exploration. 

5. Matlab provides integration support with other languages like C, Java, Microsoft 

Excel, and .NET for integrating Matlab based algorithm with external 

applications. 

6. Matlab, with its uniquely designed programming interface, helps its users with 

development tools for maximizing performance and improving code 

maintainability. 

7. Matlab also supports building applications with custom graphical interfaces. 

4.1.3 APPLICATIONS OF MATLAB 

As we discussed in the introduction to Matlab, we will now learn about Matlab’s 

applications which are as follows: Matlab is widely used in the industry as a tool for 

mathematical computation and different streams of studies like physics chemistry, 

engineering, mathematics, Etc. The various applications involving Matlab are below 

1. Computational Finance 

2. Control systems 

3. Signal Processing and communication 

4. Test and Measurement 

5. Image and video processing 

6. Computational biology 

4.1.4 ADVANTAGES OF MATLAB 

1. Matlab is a compiler independent tool and doesn’t require any compiler to 

execute like as required in C, C ++. Codes are written in sentences and executed 

one by one. 

2. Being compiler independent makes Matlab more efficient and productive. 

3. Matlab is a fourth-generation high-level language. 

4. Matlab coder is used to converting the code that is written in Matlab to Java, 

Python, C++, .NET, etc., making the Matlab language more versatile. 
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5. Different languages can be used to implement scientific theories, and after 

building the library files or .dll files, those can be directly implemented in 

Matlab using other languages. 

6. The inbuilt rich library of Matlab contains a library of the neural network, power 

system, communication, fuzzy logic, hydraulics, Simulink, electromagnetics, 

electrics, etc. Thus, using this reach library, it is always easy to develop and 

implement any scientific simulation. These tools can be controlled by using 

built-in codes so that any manual intervention of the control can be avoided in 

the model. 

7. Complex mathematical operations like matrix multiplication and addition can be 

easily accomplished in a single code by using Matlab. 

8. Matlab also supports loops by using the length of code same or even shorter as 

compared to C or C++ in a much convenient way. 

9. Matlab also supports the writing of user-defined functions, which are extremely 

easy to implement and also can be stored in separate files for future use. This 

potentially saves a lot of time writing the same code which is needed for 

different operations and functions in regular use. 

10. Matlab allows the import and export of data to or from a text or excels file using 

a single command which is very useful for analysis of previously recorded data. 

Matlab allows storage of data in excel file or .mat files. 

11. Data can also be saved in variables with very simple commands, which are easy 

to use by storing numbers in a vector or matrix where no use of loops is needed. 

12. Matlab also gives a feature to use GUI or graphical user interface using add and 

drop boxes. On programming the proper functions of the code by using a 

graphical user interface, the code is automatically generated by the program. 

The compilation of the code is also very easy to implement, where the program 

is compiled in Matlab to a standalone application that can be opened on any 

system. 

13. Matlab offers a huge set of toolboxes and functions, allowing easy solving of 

CFD or fluid flow and heat transfer problems very quickly. 

https://www.educba.com/what-is-fuzzy-logic/
https://www.educba.com/c-vs-c-plus-plus/
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14. Matlab also provides REPL – read, evaluate, print, loop or interactive 

environment to do mathematical computations and data visualization through 

graphs. 

4.1.5 DISADVANTAGES OF MATLAB 

1. Cross-compiling of Matlab code to other languages is very difficult and requires 

deep Matlab knowledge to deal with errors produced. 

2. Matlab is used mainly for scientific research and not suitable for development 

activities that are user-specific. 

3. Matlab is an interpreted language; thus, it can be very slow. 

4. Poor programming practices can contribute to making Matlab unacceptably slow. 

5. Matlab is more expensive. The license is very costly, and users need to buy each 

and every module and need to pay for the same. 

4.2 HARDWARE EQUIPMENT 

4.2.1 PolaRx5 

                                        Photo (4.1 ) : PolaRx5 GNSS Receiver 
 

                                      
       PolaRx5 is a versatile and robust multi-frequency GNSS reference receiver. The 

unique design of its tracking provides measurements with the lowest noise on the 

market while constantly monitoring and protecting against interference, multipath and 

other environmental effects. The PolaRx5 is developed specifically to support the most 

demanding applications for the earth science community offering a select range of 

advanced features which enable maximum accuracy and functionality. Powered by 

Septentrio’s next generation multi-frequency engine, the PolaRx5 offers 544 hardware 
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channels for robust and high quality GNSS tracking.Independent tests have shown the 

PolaRx5 to consistently rank highest among GNSS receivers in many areas of 

measurement quality, including fewest number of cycle slips and lowest power 

consumption well below 2W. 

The IP68 compliant variant, the PolaRx5eis also available which comes complete 

with battery. The GNSS specifications of the PolaRx5 and PolaRx5e are identical. 

The physical specifications differ slightly and are documented in the PolaRx5 

datasheet.  

4.2.2 KEY FEATURES 

• Tracks all visible GNSS signals (GPS, GLONASS, Galileo, BeiDou, IRNSS 

• High precision, low noise measurements 

• Unique Advanced Interference monitoring and mitigation (AIM+) + 

advanced GNSS+ toolkit 

• Powerful web interface and logging tools 

• Rugged housing and multiple interfaces 

• Up to 8 independent logging sessions 

• Logging both internally and to an external device 

• Internal battery for autonomous >24-hour operation (only available 

on PolaRx5e) 

• IP68 compliant (only available on PolaRx5e) 

4.2.3 The GNSS+ toolkit - converting bad environments into good 

positioning 

Septentrio’s field-proven Advanced Interference Mitigation(AIM+) technology enables 

the PolaRx5 to filter out both intentional and unintentional sources of radio interference, 

from narrowband signals over high powered pulsed signals to chirp jammers and 

Iridium interferers. 

Septentrio’s patented Multipath Mitigation(APME+) technology – unique in 

eliminating short delay multipath without introduction of bias – guarantees superior 

https://www.septentrio.com/en/company/septentrio-gnss-technology/apme-multipath-mitigation-technology
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measurement quality. If needed, the user has the ability to activate or deactivate 

APME+ to obtain completely unmodified measurements.Mechanical vibrations or 

shocks caused by rough terrain can wreak havoc with satellite 

tracking. LOCK+automatically adjusts the parameters of your receiver so you never 

lose position. 

AIM+ anti-jamming and RF spectrum monitoring system 

AIM+ offers built-in protection against intentional and unintentional jamming using a 

sophisticated system of sampling and mitigation mechanisms. Your high-precision 

GNSS / GPS receiver can automatically suppress the widest variety of interferers from 

simple continuous narrow-band signals to the more complex wide band and pulsed 

transmitters as well as lnmarsat and Iridium satellite transmissions.  

With your high-precision GPS reference receiver comes an intuitive web user interface 

for easy operation and monitoring allowing you to control the receiver from any mobile 

device or computer. The web interface also uses easy-to-read quality indicators ideal to 

monitor the receiver operation during the job at hand. 
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CHAPTER 5 

ADVANTAGES& APPLICATIONS 

5.1 ADVANTAGES  

• It is extremely easy to navigate as it tells you to the direction for each turns you 

take or you have to take to reach to your destination. 

• It works in all weatherso you need not to worry of the climate as in other 

navigating devices. 

• The equipment costs you very low in comparison other navigation systems. 

• The most attractive feature of this system is its100% coverage on the planet. 

• It also helps you to search the nearby and surrounding vehicles, and it is suitable 

for all types of vehicles. 

• Due to its low cost, it is very easy to integrate into other technologies. 

• This is the best navigating system in water as in larger water bodies we are often 

misled due to lack of proper directions. 

• It helps improve mapping as well as tracking skills and also acts as security 

against vehicular thefts and for locating someone who got lost. 

• All these Global Satellite Navigation Systems contribute to improved 

performance for navigation and positioning in terms of: Independence, 

Availability,Reliability, Accuracy. 

4.2 APPLICATIONS 

• Terrestrial, Aerial and Marine Navigation 

• Disaster Management 

• Vehicle tracking and fleet management 

• Integration with mobile phones 

• Precise Timing 

• Mapping and Geodetic data capture 

• Terrestrial navigation aid for hikers and travellers. 

• Visual and voice navigation for drivers 

• Collision Avoidance System 

• Driverless Cars and Transport System 
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CHAPTER 6 

EXPERIMENTAL RESULTS 

 

6.1 SHORT BASELINE EXPERIMENT  

A short-baseline experiment consists of two receivers which are fed with exactly the 

same GNSS signal received at one common antenna. By using an RF splitter the output 

of the antenna is guided to two receivers. This setup forces a short baseline between the 

receivers, making it an ideal experiment to validate the presented differencing and 

synchronization algorithms. At the same time it represents the best possible solution 

that can be achieved with two receivers, as the configuration forces all allegedly 

common errors to be equal (i.e. satellite and atmospheric errors) and therefore canceling 

out completely. In an ideal case one could assume that noise and multipath could also 

cancel out completely, as the same signals are applied to both receivers. Nevertheless, 

the following deviations from the ideal short-baseline experiment might have an impact 

on the resulting baseline not being zero. 

 

6.1.1 RECEIVER UNSYNCHRONIZATION 

          As the receivers take pseudorange measurements at different points in time the 

white noise at the input of each receiver is not correlated and thus not canceling out. 

Possible multipath contributions are also less correlated the larger the time offset. 

 

6.1.2 QUANTISATION NOISE  

          After downconversion from RF to intermediate frequency an analogue to digital 

converter samples the incoming analogue signals and outputs digital samples. This 

process involves a quantization step that assigns to each output sample the nearest 

discrete value, thus producing quantization noise. As both receivers are not 

synchronized with each other, this noise signal is not correlated and will not cancel out. 

 

6.1.3 RECEIVER RESPONSE  

The receiver automatically adapts the carrier and code loop filters to get the best trade-

off between tracking accuracy and signal dynamics response. In some cases this 
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response can be configured, but in general it is not visible to the user. Two independent 

receivers could respond differently to the same input.  

6.2 RESULTS OF EXPERIMENTS  

The results of conducting the pseudo range differencing for finding the relative 

positioning of vehicles using NavIC is studied below 

 

                       

 

Figure 6.1 :NavIC Signal Carrier to Noise Density ratio  

 

The figure(6.1) depicts the graph of a NavIC (Navigation Indian Constalletion) for 

signal carrier to noise density ratio. On X-axis we have taken GNSS (Global Navigation 

Satellite System) time and on Y-axis we have taken Carrier to Noise density ratio. 

GNSS time can be given by hours: minutes : seconds (hh:mm:ss) and Carrier to Noise 

density signal can be given dB-Hz .And the maximum carrier to noise density (Max 

C/No dB-Hz) and average carrier to noise density (Avg C/No dB-Hz) are calculated in 

dB-Hz. This graph is used to estimate how much noise is present between the relative 

position of two vehicles and how much information can be transmitted without effecting 

the carrier signal performance. As seen in the the graph the maximum and average 
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values of carrier to noise density ratio lies in the range 45(dB-Hz) – 52 (dB-Hz) for a 

given satellite. 

Table 6.1 Statistics of NavIC Signal Carrier to Noise Density Ratio 

 

S.No Satellite Max C/No dB-Hz Average C/No 

dB-Hz 

1 I02 46.5 45 

2 I03 52 50.5 

3 I04 51 48 

4 I05 50.7 47.2 

5 I06 51.4 49.4 

6 I07 48.2 47.8 

 

    The table(6.1) shows values for various satellites named statistics for NavICfor signal 

carrier to noise density ratio. Here we have considered 6 satellites data. Here we 

considered three columns namely satellites, Max C/No(dB-Hz), Avg C/No(dB-Hz). 

As for satellite I02 the maximum value is calculated as 46.5(dB-Hz) and average value 

is calculated as 45(dB-Hz). Like wise for various satellites the maximum and average 

values are calculated.  

As for satellite I03 the maximum value is calculated as 52(dB-Hz) and average value is 

calculated as 50.5(dB-Hz).  

As for satellite I04 the maximum value is calculated as 51(dB-Hz) and average value is 

calculated as 48(dB-Hz). 

 As for satellite I05 the maximum value is calculated as 50.7(dB-Hz) and average value 

is calculated as 47.2(dB-Hz).  

As for satellite I06 the maximum value is calculated as 51.4(dB-Hz) and average value 

is calculated as 49.4(dB-Hz).  

As for satellite I07 the maximum value is calculated as 48.2(dB-Hz) and average value 

is calculated as 47.8(dB-Hz). 
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Figure 6.2 : Relative distance of vehicles using I05 satellite data 

 
As we see in figure (6.2) shows the relative position of two vehicles with respect 

to the I05 satellite data. It depicts the relative position of nearby vehicle in meters (m) 

with respect to UTC (Cordinated Universal Time). On X-axis we have taken UTC and 

on Y-axis we have taken the relative position of nearby vehicle. The exchange of 

information between these two vehicles can be done using two GNSS receiver satellites. 

As we can see in the graph the relative positioning of vehicle is changing for every 

value of UTC (i.e continuous) and it is not constant .The  graph is not constant because 

there exists some errors and multipath error. Due to these errors the value is changing 

continuously. The relative distance between two vehicles may be 3m, but practically its 

values may fluctuate from above or below the 3m. As we see in the graph it is observed 

that themaximum relative positioning distance is approximately 6.8m and the minimum 

relative positioning distance is approximately 3.7m. To obtain accurate relative 

positioning between two vehicles we should completely eliminate all these errors to 

obtain correct relative positioning distance. This would be useful to avoid the collision 

between two vehicles and for autonomous vehicles. 
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Figure 6.3 : Relative distance of vehicles using I07 satellite data  

 

As we see in  figure (6.3) shows the relative position of two vehicles with respect to the 

I07 satellite data. It depicts the relative position of nearby vehicle in meters (m) with 

respect to UTC (Cordinated Universal Time). On X-axis we have taken UTC and on Y-

axis we have taken the relative position of nearby vehicle. The exchange of information 

between these two vehicles can be done using two GNSS receiver satellites.  As we can 

see in the graph the relative positioning of vehicle is changing for every value of UTC 

(i.e continuous) and it is not constant .The  graph is not constant because there exists 

some errors and multipath error. Due to these errors the value is changing continuously. 

The relative distance between two vehicles may be 3m, but practically its values may 

fluctuate from above or below the 3m. As we see in the graph it is observed that the 

maximum relative positioning distance is approximately 3.5m and the minimum relative 

positioning distance is approximately 1.98m. To obtain accurate relative positioning 

between two vehicles we should completely eliminate all these errors to obtain correct 

relative positioning distance. This would be useful to avoid the collision between two 

vehicles and for autonomous vehicles. 
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CHAPTER 7 

CONCLUSIONS & FUTURE SCOPE 

 

7.1 CONCLUSION 

A method to compute pseudorange double differences using unsynchronized 

measurements at two receivers and performing a Doppler extrapolation has been 

presented. Its applicability to the vehicular environment has been discussed. The 

method to compute code double differences has been validated in a error-free 

environment.The Pseudo range differencing technique will be done in two differencing 

techniques.In first technique called single pseudo range differencing will cancel some of 

theerrors  and thereby it is left with the remaining errors from receivers has been 

analyzed. Secondly though the errors are cancelled by using double differencing we are 

left with multipath error.Different multipath models show that multipath is not canceled 

by double differencing but these can be cancelled out by using multipath detection 

algorithms.But this will be severe in urban areas like in practical applications of double 

differencing technique for baseline estimation  for vehicle relative positioning requires 

to place one antenna on each vehicle . Future studies will examine  the potential of 

double differencing for relative position estimation in real world. 

 

 

7.2 FUTURE SCOPE 

In this project we have studied about how to find the relative positioning of vehicles 

using the NavIC signals. But when we are using the NavIC signals there will be some 

errors which will be occurred when the information is exchanging from one vehicle to 

other vehicle. Due to this there may be loss of some information which may not be 

accurate and we cannot obtain correct results. So in addition to use of NavIC signals if 

we also include the use of GPS, Galileo, Glonasstechiniques to exchange the 

information and to find the relative positioning of the vehicles will become easier. And 

use of all these techniques in vehicles with multiple algorithms ensures that it results in 

finding the accurate one. This can be further extended to be used to implement 

driverless cars in a real time world. 
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Abstract 

Accurate relative positioning of vehicles is 

mainly used by some of the applications like 

road lane application system, Forward vehicle 

Collision Warning (FCW) systems and 

cooperative adaptive cruise control. Relative 

positioning among the vehicles can be observed 

by using RADAR Sensors or cameras. This 

approach uses a inter vehicle communication 

link to exchange the measured GNSS raw data  

to a set of satellites  which extends the 

perception of using sensors, so we can best 

estimate the relative position which cancels the 

correlated errors in both the receivers. This 

paper explains a series, a short baseline 

experiments conducted in vehicular 

environment by using differential method and 

correlated errors such as noise, multipath 

occurred because they are not cancelled out by 

differential approach and we analyzed them in 

depth and verified in simulated environments. 

The analysis shows that the usage GNSS pseudo 

range double differencing for several hundred 

meters to find the baseline estimation among the 

vehicles in the absence of multipath conditions. 

KEYWORDS: Forward vehicle Collision 

Warning (FCW) 

 

 

I.INTRODUCTION 

 

Advanced Driver Assistance Systems (ADAS) area 

unit accustomed grasp the positions of the vehicles 

that may be a necessity for safety applications in 

Intelligent Transportation Systems(ITS). 

While Forward Collision Warning (FCW) need 

position and behaviour of vehicles have to be 

compelled to localize the neighbour vehicles, 

adaptational Cruise Control(ACC) have to be 

compelled to localize the vehicles neighbour and 

ahead conjointly .The position of the vehicles will 

be measured by the space with a measuring system 

,laser scanners and cameras. there'll be a scarcity of 

resolution in measuring system sensors however 

optical device scanners perform each at high value 

within the restricted perception vary at Line of 

Sight(LOS).They can be put out and increased by 

the employment of concerted point of view . 

 

      The standards IEEE802.11p or ITS -G5 enable 

to communicate info among the vehicles to a 

spread which are many meters. This paper is 

functioning on the definition of Cooperative 

Awareness Messages for transport technology. The 

coordinates of GNSS (Global Navigation Satellite 

System) area unit employed by a vehicle to 

estimate positions of vehicles this will be improved 

by supporting it with on- based mostly mechanical 

phenomenon sensors or Odometers. Otherwise, by 

Differential GPS the GNSS measure between the 

vehicles and approximate the baseline vector 

among the receiver antennas. The raw GNSS 

differential approach doesn’t have predominant 

role of base station however correlative errors in 

each receiver area unit do away with. 

 

       A series of Zero baseline measurements are 

performed in controlled surroundings. For 

confirmative cancelling of errors, a Spirent GNSS 

Constellation system is used. If the errors are 

absent, the measurements are varied by double 

pseudo during the experiment which should be 

adequate to zero and noise off out by 

differentiation. This pseudo varies the yield of  

double differencing technique associate the 

estimation of unbiased baseline when multipath 

propagation are absent. This system is ready to 

properly address issues encountered within the road 

surroundings. 

 

         The formation of this paper is as follows: the 

subsequent segment is expounded to works of 

different teams like contribution, assumptions and 

results. The third part explains the pseudo vary 

differencing formula which approximates the 

baseline among 2 vehicles. The fourth section 

describes the differencing experiments that are 

performed. Finally, the conclusion of this work is 

presented in the fifth section. 

 

II.  AFFILIATED SERVE 

 

Differential GPS is employed to return the errors to 

decrease accuracy of the system called Selective 

Availabity(SA).Several researchers have planned 

the construct of pseudo vary for vehicles by passing 
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from the base station/rover setup for accurate 

position estimation is named as Cooperative 

Positioning that yields a regular deviation error in 

conveyance atmosphere wherever unrelated errors 

are cancel out by double differencing which is 

defined as Observation Noise.To predict the 

baseline among the vehicles exploitation weighted 

least sq. algorithmic rule and weight every pseudo 

differencing vary in step with the carrier to noise 

quantitative relation at the receivers,during this 

experiment multipath effects are removed. 

This paper proposes relative positioning for 

vehicles supported the pseudo vary single 

variations that assumed to be the unrelated to errors 

in each receivers and expressed as unbiased. It 

compares two strategies for scheming absolutely 

the position for a DGPS system. If multipath might 

are discarded  activity  atmosphere won’t be 

delineate and therefore the figures  are painted 

exploitation slow variables effects that don’t seem 

to be through-about as noise. GNSS carrier part 

measurements square with doppler measurements 

to perform non synchronization of different 

receivers. 

        It presents a cooperative positioning approach 

supported the pseudo double variations,noise and 

multipath at every channel is modelled as 

mathematical error which is same for every channel 

and assumed that they ought not to be severe 

wherever multipath errors are expressly modelled 

by exploitation time correlation constants from the 

multipath’s contribution on code and doppler 

measurements supported the double differentiation 

methodology.By partitioning the range number of 

cycles ,the vary towards satellite are 

determined,however this is considered as a problem 

in controlled surroundings,thanks to satellite 

blockage and cycle slips are the results of multipath 

then it leads to the restart of resolution algorithmic 

rule. 

 

 

III. PSEUDO RANGE   DIFFERENCING 

 

A relative positioning of a vehicle are often 

calculable victimization double differencing 

approach. Pseudo range is associate approximation 

of the space between a satellite and GNSS receiver. 

By measurement of the time taken by a satellite to 

travel in the atmosphere we can find the distance 

between them called as range. If the receiver i with 

a satellite k having the pseudo range as 𝜌𝑖
𝑘 is given 

as  

 

𝜌𝑖
𝑘 = 𝑅𝑖

𝑘  + 𝜏𝑒𝑟𝑟𝑜𝑟  . c   -------→(1)  

 

Where, 

𝑅𝑖
𝑘
→receiver-to-satellite range expressed in meters. 

C  → light speed  

𝜏𝑒𝑟𝑟𝑜𝑟→different errors terms expressed in sec. 

The different error sources corresponding to  𝜏𝑒𝑟𝑟𝑜𝑟  

are  

 

𝜏𝑒𝑟𝑟𝑜𝑟  = 𝜏𝑠𝑎𝑡  + 𝜏𝑢𝑠𝑒𝑟  + 𝜏𝑒𝑝ℎ𝑒𝑚  + 𝜏𝑖𝑜𝑛  + 𝜏𝑡𝑟𝑜𝑝  + 𝜏𝑚𝑝 

+ 𝜏Є------→(2) 

 

• Satellite clock error(𝝉𝒔𝒂𝒕): 

The satellite clock errors exists 

because of the transmission of the signals. 

We can use atomic clocks for each 

satellite and these produces with exact 

results. But it arises and leaves us with 

maximum errors. The value of 𝜏𝑠𝑎𝑡  ranges 

from <1ms and it steadily changes 

• Receiver clock error  (𝝉𝒖𝒔𝒆𝒓): 

Another error what we see is receiver 

clock error. Here we use the oscillators 

which are made of quartz. Because of this 

the exact results cannot be obtained. 

 

• Ephemeris error(𝝉𝒆𝒑𝒉𝒆𝒎): 

As a result of the receiver uses the        

satellite’s location in position calculations, 

associate ephemeris error, a distinction 

between the expected a distinction 

between the expected and actual orbit 

position of a GPS satellite reduces the user 

accuracy. 

• Tropospheric error(𝝉𝒕𝒓𝒐𝒑):    

Troposphere is the knee high part of the 

atmosphere of the earth’s surface. We see 

this error in the atmosphere which consists 

of some water vapour and gases which are 

dried. Because of this there will be some 

latency in the GNSS receivers 

So that it exceeds the measured distance 

between them. Tropospheric errors mainly 

relayson the signal path in the atmosphere 

and elevation angle of the satellite. 

• Ionospheric error  (𝝉𝒊𝒐𝒏): 

Ionopshericerror is due to the ionization of 

gases in the earth’s atmosphere by the 

radiation of sun. The process of ionization 

leaves us with some electrons which are 

free which behaves as andivergence 

medium and the frequency is the impact of 

velocity propagation. Ionospheric error 

also relays on elevation angle of satellite. 

• Multi path error (𝝉𝒎𝒑):  

The multi path error occurs because of the 

signal may travel in many directions in the 

atmosphere from transmitter to the 

receiver. And the device is confused to 

take which of the signal path and in what 

way is should travel and somehow it may 

create some delay. And this delay can be 

modelled using some multipath 

algorithms. But this multipath error is 

maximum in mainly urban areas. 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue VII, July/2021

ISSN NO:0886-9367

Page No: 263



Especially these uses the alternate way of 

signal path and this causes error. 

 

• Non-modelled Errors(𝝉Є): 

This gathers the complete non modelled 

errors. 

 

Single difference measurement can be given as      

 

∆ 𝜌𝑖𝑗
𝑘   =  ∆𝑅𝑖𝑗

𝑘  + ∆𝜏𝑒𝑟𝑟𝑜𝑟  . c  ----→ (3)  

 

And this can be estimated ∆ 𝜌𝑖𝑗
𝑘 by the difference 

between pseudo range measurements of the twin  

satellites of  two receiving antennas. 

Where,  

∆ →subtraction between the i and j satellites  

receivers. 

∆𝑅𝑖𝑗
𝑘
→ called the  prolongation of starting point in 

the way of satellite. 

∆ 𝜏𝑒𝑟𝑟𝑜𝑟 → represents of difference of the error 

terms between receiver. 

 

 By using single differencing operation, we can 

eliminate  𝜏𝑖𝑜𝑛 ,  𝜏𝑡𝑟𝑜𝑝  and 𝜏𝑒𝑝ℎ𝑒𝑚   as well as 𝜏𝑠𝑎𝑡  

are aborted fully. And the remaining error equation 

what is left is given as  

 

∆𝜏𝑒𝑟𝑟𝑜𝑟  ≈ ∆𝜏𝑢𝑠𝑒𝑟+ ∆ 𝜏𝑚𝑝 + ∆𝜏Є--------→(4) 

 

        To eliminate the remaining errors, we use the 

double differencing approach this can be done by 

differencing the single range differencing by using 

two unique satellites k and l given as ∆ 𝜌𝑖𝑗
𝑘𝑙. With 

this procedure we can eliminate the common error 

to both satellites i.e, 𝜏𝑢𝑠𝑒𝑟 . A distance measurement 

by using double differncing is given as 

 

∇∆ 𝜌𝑖𝑗
𝑘𝑙   = ∇∆𝑅𝑖𝑗

𝑘𝑙  + ∇∆𝜏𝑒𝑟𝑟𝑜𝑟· c    -----→(5) 

 

Where,  

∇∆ →the subtraction of two single range 

measurements  

∇∆𝑅𝑖𝑗
𝑘𝑙
→the  prolongation of starting pointin the 

way of  unique satellites k and l. 

∇ ∆𝜏𝑒𝑟𝑟𝑜𝑟→ represents the remaining differential 

errors between two receivers and two satellites. 

 

∇∆𝜏𝑒𝑟𝑟𝑜𝑟  ≈ ∇∆𝜏𝑚𝑝  + ∇∆𝜏Є ----→(6)  

 

The errors we are left with are non modelled 

(∇∆ 𝜏Є) and multipath errors (∇∆ 𝜏𝑚𝑝) . And the 

common errors can be aborted  out during 

differencing technique. The below fig (1)  gives the 

relation of vehicles using double differencing  

 

𝑢~𝑘𝑥= 𝑢~𝑘- 𝑢~𝑥   ---------------→(7) 

 

 

 
Fig (1):  Satellite Based Relative Positioning Using 

Double Differencing 

 

Communication Load: 

The information among the vehicles is shared by 

using pseudo range measurements. By 

victimization four bytes for every pseudo vary live. 

With the present GPS constellation having 32 

satellites and receiver connected at the bottom 

leads to larger region delay and condition to suffer 

stronger multipath in which low elevation satellites 

are used .The clock offset which is in the common 

grid is used to calculate pseudo ranges. The time 

stamp should be changed so as to exactlyassign 

pseudo ranges among the vehicles. 

The time is described with the help of seconds in an 

hour (GPS time) of a week, relative position of a 

vehicle is displayed with real time which might 

need 20 bits to transmit here a minimum of 

transmission rate is of 1Hz.First 10 bits are used to 

transmit the little bit of the second in a week  for 

relating the unambiguous measurements which are 

at the transmitter.Remaining 10 bits are used for 

incomplete half in microseconds of measurements 

which are done at highrate than  one cycle/second. 

       consider an example a tool manufacturing 

information at 4Hz might time stamp the 

information within the following way :   0.250, 

0.500, 0.750, 1.000, 1.250, 1.500, 

1.750,0.000,0.250 etc.This way,the most quantity 

of information  required to changedin every CAM 

message.The planned attempt wants four fold a lot 

of information. 

 

IV. SHORT-BASELINE EXPERIMENT: 

 

The experimental setup forces the two receivers of 

short baseline. The short-baseline experiment has 

two receivers which are been fed same way as 

GNSSsignal and they received at one common 

antenna. RF splitter is used as output of antenna 

and they have been guided to two receivers, and 

therefore this makes it an ideal experiment as it 

validates differencing and synchronization 

algorithms. And we can get the best solution which 

can be achieved by the two receivers. All the 

common errors to be equal and hence they are been 

cancelled completely. The deviations of ideal short-
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baseline experiment might have an impact on non-

short baseline. Once we are considering it as the 

ideal case then noise and multipath should cancel 

out completely.   

• Receiver Un-synchronization. 

The white noise is not cancelled out as the 

input they are not correlated. The pseudo 

range measurements are taken by receivers 

at different points at different times, and 

multipath are also not more correlated. 

• Quantization Noise.  

Quantization noise is produced as the 

process of the output sample of nearest 

discrete value which is assigned by 

quantization step. The incoming analogue 

signals and output digital signals are 

sampled by analogue to digital converter. 

After the down conversion from RF to 

intermediate frequency. If two receivers 

are not in synchronize manner, and the 

signal noise is not correlated then they will 

not be cancelled out.  

• Receiver Response.  

To the same input the two 

independentreceivers respond differently. 

We get the best trade off   accuracy of 

tracking and signal dynamics response of 

code loop 

filters and carrier as it has been adapted by 

the receiver automatically. It is not 

visibleto users. 

Here we try to understand the environment of 

different error sources which has been given from 

double difference. The experiment setup as 

follows: RF splitter connects two Ublox LEA 4T 

receivers to output of spirent GSS7790 GNSS 

constellation simulator. For preventing the antenna 

supply component by damaging spirent simulator 

each input of antenna is DC-blocked. The 

automotive platform model is configured in Ublox 

receiver and at 4HZ output of raw GPS 

measurements are setup. The simulator which is 

connected to the Ublox receivers will track 

different signals.  As well as they will also decode 

navigation messages , they will also find its 

position ,time and velocity. The GPS L1 and L2 

signals are simulated by spirent simulator which 

are arrived from a constellation of satellite antenna. 

And are located at some specific position in time. 

The software which has been used is SimGen , also 

used to test different scenarios. The power level 

signal of single satellite is diverse, and this satellite 

allows it. The different errors are activated such as 

atmospheric, satellite, ephemeris, satellite clock 

error and multipath. The predefined ground 

vehicles motion model is used for simulation of the 

movement of the receiver antenna. 

 

 

 

(V) RESULTS OF THE MODEL: 

 

The model results are performed in the absence of 

errors and these results uses NavIC signals so that 

we can get approximate results without much 

errors. These results are as shown below 

 

 
 

        Figure 2 :NavIC Signal Carrier to Noise 

Density ratio  

 

 

  The figure (2) depicts the graph of a NavIC 

(Navigation Indian Constalletion) for signal carrier 

to noise density ratio. On X-axis we have taken 

GNSS (Global Navigation Satellite System) time 

and on Y-axis we have taken Carrier to Noise 

density ratio. GNSS time can be given by hours: 

minutes : seconds (hh:mm:ss) and Carrier to Noise 

density signal can be given dB-Hz .And the 

maximum carrier to noise density (Max C/No dB-

Hz) and average carrier to noise density (Avg C/No 

dB-Hz) are calculated in dB-Hz. This graph is used 

to estimate how much noise is present between the 

relative position of two vehicles and how much 

information can be transmitted without effecting 

the carrier signal performance. As seen in the the 

graph the maximum and average values of carrier 

to noise density ratio lies in the range 45(dB-Hz) – 

52 (dB-Hz) for a given satellite. 

 

    The table (1) shows values for various satellites 

named statistics for NavIC for signal carrier to 

noise density ratio. Here we have considered 6 

satellites data. Here we considered three columns 

namely satellites, Max C/No(dB-Hz), Avg 

C/No(dB-Hz). 

As for satellite I02 the maximum value is 

calculated as 46.5(dB-Hz) and average value is 

calculated as 45(dB-Hz). Like wise for various 

satellites the maximum and average values are 

calculated.  
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Table 1 Statistics of NavIC Signal Carrier to Noise 

Density Ratio 

 

 

 

S.No 

 

Satellite Max C/No 

dB-Hz 

Average 

C/No dB-

Hz 

1 I02 46.5 45 

2 I03 52 50.5 

3 I04 51 48 

4 I05 50.7 47.2 

5 I06 51.4 49.4 

6 I07 48.2 47.8 

 

As for satellite I03 the maximum value is 

calculated as 52(dB-Hz) and average value is 

calculated as 50.5(dB-Hz).  

As for satellite I04 the maximum value is 

calculated as 51(dB-Hz) and average value is 

calculated as 48(dB-Hz). 

As for satellite I05 the maximum value is 

calculated as 50.7(dB-Hz) and average value is 

calculated as 47.2(dB-Hz).  

As for satellite I06 the maximum value is 

calculated as 51.4(dB-Hz) and average value is 

calculated as 49.4(dB-Hz).  

As for satellite I07 the maximum value is 

calculated as 48.2(dB-Hz) and average value is 

calculated as 47.8(dB-Hz). 

 

 
 

Figure 3 : Relative distance of vehicles using I05 

satellite data 

 

As we see in figure (3) shows the relative position 

of two vehicles with respect to the I05 satellite 

data. It depicts the relative position of nearby 

vehicle in meters (m) with respect to UTC 

(Cordinated Universal Time). On X-axis we have 

taken UTC and on Y-axis we have taken the 

relative position of nearby vehicle. The exchange 

of information between these two vehicles can be 

done using two GNSS receiver satellites. As we 

can see in the graph the relative positioning of 

vehicle is changing for every value of UTC (i.e 

continuous) and it is not constant .The  graph is not 

constant because there exists some errors and 

multipath error. Due to these errors the value is 

changing continuously. The relative distance 

between two vehicles may be 3m, but practically its 

values may fluctuate from above or below the 3m. 

As we see in the graph it is observed that 

themaximum relative positioning distance is 

approximately 6.8m and the minimum relative 

positioning distance is approximately 3.7m. To 

obtain accurate relative positioning between two 

vehicles we should completely eliminate all these 

errors to obtain correct relative positioning 

distance. This would be useful to avoid the 

collision between two vehicles and for autonomous 

vehicles. 

 

 
Figure 4: Relative distance of vehicles using I07 

satellite data 

 

As we see in  figure (4) shows the relative position 

of two vehicles with respect to the I07 satellite 

data. It depicts the relative position of nearby 

vehicle in meters (m) with respect to UTC 

(Cordinated Universal Time). On X-axis we have 

taken UTC and on Y-axis we have taken the 

relative position of nearby vehicle. The exchange 

of information between these two vehicles can be 

done using two GNSS receiver satellites.  As we 

can see in the graph the relative positioning of 

vehicle is changing for every value of UTC (i.e 

continuous) and it is not constant .The  graph is not 

constant because there exists some errors and 

multipath error. Due to these errors the value is 

changing continuously. The relative distance 

between two vehicles may be 3m, but practically its 

values may fluctuate from above or below the 3m. 

As we see in the graph it is observed that the 

maximum relative positioning distance is 

approximately 3.5m and the minimum relative 

positioning distance is approximately 1.98m. To 

obtain accurate relative positioning between two 
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vehicles we should completely eliminate all these 

errors to obtain correct relative positioning 

distance. This would be useful to avoid the 

collision between two vehicles and for autonomous 

vehicles. 

 

 

(VI)  CONCLUSION 

 

In this project vehicle to vehicle communication is 

done by knowing the relative position of vehicles 

and their baseline measurements. The proposed 

method is pseudo range differencing. Two ublox 

LEA 4T receivers are used to assess performance 

of this method in vehicular environment. The range 

between GNSS satellite orbiting the earth and a 

GNSS receiver on the ground is estimated. As the 

receiver is unsychronizedthe pseudo range value is 

corrupted by a series of error. Single differencing is 

performed which cancelled some of the errors. To 

cancel the remaining errors double differencing is 

carried out. Even though we are left with multipath 

error. 

This Multipath errors can be cancelled out by using 

multipath detection algorithms. However this will 

be setout in urban areas like in practical  

applications of double differencing technique for 

estimating the baseline for vehicle relative 

positioning requires vehicles with antennas placed 

on each of it. Further studies will scrutinize 

differencing to estimate the relative position in real 

world. 
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                                ABSTRACT 
 

 

 
        NavIC Spoofing Detection Technique Using Double-Difference Carrier Phase 

Measurements helps to find the spoofed signals. With electronic warfare increasingly 

complicated and military confrontations increasingly intense, the potential security threat 

to satellite navigation has become a difficult issue to deal with. Traditional satellite 

navigation anti-interference technology generally refers to jamming, but less 

consideration has been given to spoofing. It should be noted that the potential risk induced 

by spoofing interference is worse than that caused by jamming as the loss of positioning 

integrity may not be immediately obvious.  

             This project introduces a spoofing detection method based on a two-antenna 

structure using double-difference carrier phase observables. If all spoofing signals are 

transmitted by one single antenna, a spoofing detection hypothesis test can be carried out 

through the normalisation of double-difference carrier phase observables, without need 

to consider the integer ambiguity problem, measure the baseline vector and estimate the 

real directions of signals. 
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                                        CHAPTER – 1 

  INTRODUCTION 

The Indian Regional Navigation Satellite System (IRNSS), with an operational name of 

NavIC (acronym for Navigation with Indian Constellation), is an autonomous regional 

satellite navigation system that provides accurate real-time positioning and timing 

services. It covers India and a region extending 1,500km (930 mi) around it, with plans 

for further extension. An extended service area lies between the primary service area and 

a rectangle area enclosed by the 30th parallel south to the 50th parallel north and the 30th 

meridian east to the 130th meridian east, 1,500-6,000 km (930-3730 mi) beyond borders. 

The system currently consists of a constellation of seven satellites, with two additional 

satellites on ground as stand-by. 

The constellation is in orbit as of 2018, and the system was expected to be operational 

from early 2018 after a system check. NavIC will provide two levels of service, the 

“standard positioning service”, which will be open for civilian use, and a “restricted 

service” (an encrypted one) for authorized users (including the military).  

NavIC based trackers are compulsory on commercial vehicles in India and it is Planned 

to become available in consumer mobile phones in the first half of 2020. 

1.1 Background: 

 The system was developed partly because access to foreign government-controlled 

global navigation satellite systems is not guaranteed in hostile situations, as happened to 

the Indian military in 1999 when United States denied the Indian request for Global 

Positioning System (GPS) data for the Kargil region which would have provided vital 

information. The Indian government approved the project in May 2013. 

As per National Defense Authorization Act (NDAA) 2020, United States Secretary of 

Defense in consultation with Director of National Intelligence will designate NavIC, 

Galileo and QZSS as allied navigational satellite system.  
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1.2 Development: 

As part of the project, the Indian Space Research Organization (ISRO) opened a new 

satellite 

center with in the campus of ISRO Deep Space Network (DSN) at Byalalu, in Karnataka 

on 28th May2013. A network of 21 ranging stations located across the country will 

provide data for the orbital determination of the satellite and monitoring of the 

navigational signal  

A goal of complete Indian control has been stated, with the space segment, ground 

segment and user receivers all being built in India. Its location in low latitudes facilitates 

a coverage with low-inclination satellites. Three satellite will be in geostationary orbit 

over the Indian Ocean. Missile targeting could be an important military application for 

the constellation. 

On 20 January 2020, Qualcomm launched three new 4G chipsets, Snapdragon 460, 

Snapdragon 662 and Snapdragon 720G with support for Navigation with Indian 

Constellation (NavIC). On 31 August 2020, Qualcomm launched new 4G chipset, 

Snapdragon 732G with support for Navigation with Indian Constellation (NavIC). On 22 

September 2020, Qualcomm launched new 5G chipset, Snapdragon 750G with support 

for Navigation with Indian Constellation (NavIC). NavIC is planned to be available for 

civilian use in mobile devices, after Qualcomm and Indian Space Research Organisation 

signed an agreement. 

1.3 Architecture of IRNSS: 

The IRNSS architecture mainly consists of: 

➢ Ground Segment 

➢ User Segment  

➢ Space Segment 
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                                              Figure 1.1: IRNSS Architecture 

The IRNSS system comprises a space segment and a support ground segment. 

1.3.1 Ground segment: The ground segment is responsible for the maintenance and 

operation of the IRNSS constellation. It contains a whole complement of the elements 

required for a basic constellation and is mainly comprised of: 

Master Control center for spacecraft control and navigation, IRNSS tracking and integrity 

monitoring stations, CDMA ranging stations, up-linking and telemetry stations, 

communication links and network timing center. 

 

             Figure 1.2 The IRNSS ground system architecture (image credit: ISRO) 
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The IRNSS ground segment includes the major systems for controlling the satellite 

constellation and will consist of the IRNSS Spacecraft Control Facility (IRSCF), IRNSS 

Navigation Control Facility, IRNSS Range and Integrity Monitoring Stations, ranging 

stations, a timing center, IRNSS TTC and uplink stations, and the IRNSS Data 

Communication Network. 

IRNSS Ground Segment Elements: 

• IRSCF (IRNSS Satellite Control Facility) 

• IRTTC (IRNSS TTC and Land Uplink Stations) 

• IRSCC (IRNSS Satellite Control Center) 

• IRIMS (IRNSS Range and Integrity Monitoring Stations) 

• IRNCF (IRNSS Navigation Control Facility) 

• IRDCN (IRNSS Data Communication Network) 

Seventeen IRIMS sites will be distributed across the country for orbit determination and 

ionospheric modelling. Four ranging stations, separated by wide and long baselines, will 

provide two-way CDMA (Code Division Multiple Access) ranging. The IRNSS timing 

center will consist of highly stable clocks. The navigation center will receive all this data 

through communication links, then process and transmit the information to the satellites.  

 

            Figure 1.3 Rendering of an IRNSS Series 1 satellite 

1.3.2 User segment: Specially designed receivers and antennas are needed to receive 

the IRNSS signals. The receivers are also planned for receiving multi-constellation 

signals inclusive of GPS, GLONASS, Galileo and IRNSS. It is planned to broadcast the 

time difference between the IRNSS time and the time of the other constellations to enable 

the users to take advantage of the signals available to them. 

 

https://en.wikipedia.org/wiki/File:IRNSS_Series_1.jpg
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The user segment consists of IRNSS receivers operating in: 

• Single frequency (L5 at 1176.45 MHz or S-band at 2492.028 MHz) 

• Dual frequency (L5 and S-band) 

The single frequency and dual frequency receivers shall receive both SPS (Special 

Positioning System), which is provided to all users, and RS (Restricted/Authorized 

Service) signals, which is an encrypted service provided only to authorized users. 

The IRNSS user receiver calculates its position using the timing information embedded 

in the navigation signal, transmitted from the IRNSS satellites. The timing information 

being broadcast in the navigation signal is derived from the atomic clock onboard the 

IRNSS satellite.  

1.3.3 Space Segment: 

The IRNSS satellites carry a navigation payload in a redundant configuration. A separate 

C-band transponder for precise CDMA ranging is included in the payload configuration. 

The important functions of the IRNSS payload are: Transmission of the navigational 

timing information in the L5 bands; transmission of navigation, timing information in S-

band; generation of navigation data on-board, CDMA ranging transponder for precise 

ranging. 

         The navigation payload will have the following subsystems: NSGU (Navigation 

Signal Generation Unit), Atomic clock unit, comprising of Rubidium atomic clocks, clock 

management and control unit, frequency generation unit, modulation unit, high power 

amplifier unit, power combining unit and navigation antenna. 

        The IRNSS spacecraft are dedicated for navigation services and they are configured 

to be of a class that can be launched by the Indian launcher PSLV. The design incorporates 

most of the proven subsystems available indigenously tailoring it specifically for the 

navigation. 
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                                                      Figure 1.4 Space Segment 

The space segment consists of seven satellites:   

• 3 satellites in GEO (Geostationary Orbit) at 32.5°, 83° and 131.5° East. 

• 4 satellites in geosynchronous orbit placed at inclination of 29° with longitude crossing 

at 55°    and 111.75° East 

• Two spare satellites are also planned 

• The satellites are specially configured for the navigation. Same configuration for GEO 

and GSO which is desirable for the production of the satellites. 

• Plans call for the IRNSS satellites to be launched by the Indian launcher PSLV 

• The first satellite will be launched in the summer of 2013. The subsequent launches are 

planned once in six months. The full constellation will be operational by 2016. 

1.4 Spacecraft: 

The IRNSS satellites are configured around the spacecraft bus I-1K, which is similar to 

ISRO's meteorological satellite, Kalpana-1, with a dry mass of ~600 kg and a launch mass 

of 1,425 kg. The solar panels are generating a power of 1600 W (with a payload power 

requirement of 900 W. 
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The spacecraft are 3-axis stabilized. Attitude control of the satellite is provided with yaw 

steering, a capability to optimize the use of the solar panels and to support the thermal 

control of the satellite.  

                     Table 1: Parameters of the IRNSS-1 spacecraft 

 

1.5 IRNSS signals: 

The IRNSS constellation is expected to provide a position accuracy (2σ) of better than 20 

m over India and a region extending outside the Indian land mass to about 1,500 km. The 

system will provide two types of services:   

1) SPS (Standard Positioning Service) 

2) RS (Restricted/Authorized Service) 

Both of these services will be provided at two frequencies, one in the L5 band and the 

other in S-band. 

Launch mass 1432 kg, dry mass of 614 kg 

Spacecraft size (launch configuration) 1.58 m x 1.5 m x 1.5 m 

EPS (Electrical Power Subsystem) Two solar panels generating 1660 W, one 

lithium-ion battery of 90 Ah capacity 

ADCS (Attitude Determination and Control 

Subsystem) 

Zero momentum system, orientation 

input from sun & star sensors and 

gyroscopes; reaction wheels, magnetic 

torquers and 22 Newton thrusters as 

actuators 

Mission design life 10-12 years 

Propulsion 440 N LAM (Liquid Apogee Motor) with 

twelve 
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SPS will use bi-phase shift keying BPSK (1) modulation, whereas the RS service will 

employ binary offset carrier (BOC (5, 2)) modulation. An additional BOC pilot signal is 

being provided for the RS Service in order to help provide better acquisition and 

performance. As each L5-band and S-band contains three signals, the IRNSS design adds 

an interplex signal in order to maintain the constant envelope characteristic of the 

composite signal. 

The transmission is done using the L-band and S-band helix array antenna to provide 

global coverage in right-hand circularly polarized 

(RHCP) signals. Thus, user receivers can operate in single-and/or dual-frequency mode. 

1.5.1 Timing group delay: 

The time of radiation of the navigation signals on each carrier frequency and among 

frequencies is not synchronized due to the different digital and analog signal paths that 

each signal must travel from the IRNSS satellite signal generator to the transmit antenna. 

This hardware group delay is defined as a time difference between the transmitted RF 

signal (measured at the phase center of a transmitting antenna) and the signal at the output 

of the onboard frequency source. 

1.5.2 Time-frame:  

In April 2010, it was reported that India plans to start launching satellite by the end of 

2011, at a rate of one satellite every six months. This would have made NavIC functional 

by 2015. But the program was delayed, and India also launches three new satellite to 

supplement this Seven satellites with the prefix “IRNS-1” will constitute the space 

segment of the IRNSS. IRNS-1A, the first of the seven satellites, was launched on July 

2013.IRNSS-1Bwas launched on 4 April 2014 on-board PSLV-C24 rocket. The satellite 

has been placed in geosynchronous orbit. IRNSS-1C was launched on 16 October 2014, 

IRNSS-1D on 28 March 2015, IRNSS-1E was launched on 28 April 2016. 

 

 



NavIC Spoofing Detection Technique Using Double-

Difference Carrier Phase Measurements 

   

Dept. of. ECE, GPCET, Kurnool                                           10 
                                       
 

 

 

The eighth satellite, IRNSS-1H, which was meant to replace IRNSS-1A, failed to deploy 

on 31 August 2017 as the heat shields failed to separate from 4th stage of the rocket. 

IRNSS-1I was launched on 11 April 2018 to replace it. 

1.6 Applications of IRNSS: 

• Terrestrial, Aerial and Marine Navigation 

• Disaster Management 

• Vehicle tracking and fleet management 

• Integration with mobile phones 

• Precise Timing 

• Mapping and Geodetic data capture 

• Terrestrial navigation aid for hikers and travellers 

• Visual and voice navigation for drivers 
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                                           CHAPTER – 2 

  LITERATURE REVIEW 

Today, a variety of anti-spoofing measures are available for safeguarding GNSS receivers 

against spoofing attacks (Kuhn, 2005; Bardout, 2011). These countermeasures based on 

GNSS receivers can be generally divided into two types: cryptographic techniques and 

non-cryptographic techniques. Cryptographic techniques are classified into three 

categories: spreading code cryptographic measures (Humphreys, 2013), Navigation 

Message Authentication (NMA) measures (Wesson et al., 2012b; Kerns et al., 2014) and 

codeless cross correlation measures (Heng et al., 2015; O’Hanlon et al., 2010; Psiaki et 

al., 2013a). The first two require obvious modifications in the signal structure, but they 

are impractical for immediate use because of their significant cost and complexity. The 

third does not need to change the signal inner architecture. It is a relatively practical 

approach compared with the first two. From previously published papers (Heng et al., 

2015; O’Hanlon et al., 2010), the reference receiver is generally assumed to be reliable 

(non-spoofed). Psiaki et al. (2013b) extended the application of the dual-receiver P(Y)-

code correlation method to a network of receivers with high availability. Non-

cryptographic techniques can be classified into two categories: external assistance and 

signal processing. The first refers to those techniques that need external assistance from 

other devices, such as inertial sensors (accelerometer, angular acceleration sensor, etc) 

(Khanafseh et al., 2014; Lee et al., 2015), odometers and high stability clocks (Hwang 

and McGraw, 2014; Jafarnia-Jahromi et al., 2013; Shepard et al., 2012). Also, compound 

navigation modes such as multi-GNSS, GNSS/Regional Navigation Satellite Systems 

(RNSS) and GNSS/Inertial Navigation Systems (INS), can effectively cope with GNSS 

spoofing attacks. The second focuses on analysing the features of received signals, 

without the aid of other devices. Generally, spoofing signals may have different features 

in some aspects such as paths of propagation, absolute signal power, relative power, noise 

level and multipath. GNSS receivers can detect the existence of spoofing signals by 

analysing abnormal features (Akos, 2012; Broumandan et al., 2012; Dehghanian et al., 

2012; Jafarnia-Jahromi et al., 2012). 
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                                              CHAPTER – 3 

PROPOSED METHOD 

3.1 New spoofing detection method using double-difference carrier 

phases: Generally, a spoofer transmits all of the false signals from a single antenna, as 

it is quite difficult to solve problems such as time synchronisation that exist for a 

multiantenna-spoofer (Humphreys et al., 2008; Wesson et al., 2012b). This paper 

introduces a two-antenna spoofing detection method into a new test in which double-

difference carrier phase observables are used. Psiaki et al. (2013a; 2013b; 2014) 

investigated a spoofing detection method based on single-difference processing. 

Broumandan et al. (2016) and Jafarnia-Jahromi et al. (2014) have researched a spoofing 

detection method based on double-difference processing with the integer problem taken 

into account. In contrast, the method proposed in this paper gives emphasis to the use of 

the fraction parts of double-difference carrier phases without considering the integer 

ambiguity problem. 

                         

                   NAVIC SPOOFING DETECTION TECHNIQUE   
 

 

                                                                      

                    

                                                                         Antenna 
 

 

 

 

 

 

 

                                                             Carrier beat phases 
 

                                                                  
 

 

 

        Fig 3.1 The primary structure of the spoofing detection system  
 

 

 

   receiver A    receiver B 

         Spoofing detection unit 
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3.2 SPOOFING DETECTION SYSTEM STRUCTURES: Our detection 

system mainly consists of two GNSS receivers (receiver A and receiver B) and a spoofing 

detection unit. This system is depicted in Figure 1. The antenna of receivers A and B are 

respectively expressed as Antenna A and Antenna B. �⃗� BA denotes the baseline vector from 

Antenna A to Antenna B, of which the direction is from A to B (depicted in Figure 2). 𝑟 j 

denotes the authentic signal propagation vector from satellite j to the GNSS receiver and 

𝑟 sp denotes the spoofing signal propagation vector from the spoofer to the GNSS receiver. 

When it meets the terms |�⃗� BA| << 𝑟 j, |�⃗� BA| << 𝑟 sp, the signal propagation vector to the 

phase centre of Antenna A can be assumed to be parallel to that of Antenna B.  

        

                 NavIC                                                                  
                 satellites 
                                                            
                                                           𝑟 j-1                               𝑟 j                 𝑟 j+1                                         

                                                                                       

 

 

                               

                  Antenna(spoofer) 

 

 

 

 
                                            Spoofing signals   𝑟 sp 

                                                                       

 

 

                                                                                            �⃗� BA 
                                                                            A            Antenna              B         

                                                             

                                                                       Fig 3.2 Spoofing attack scenario.     

 

The primary principle of this detection system is to use the two-antenna 

geometry to analyse the features of the in -space signal. As shown in Figure  
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3.1, in the no-spoofing case, the propagation paths of satellites available are 

(. . . , 𝑟 j -1, 𝑟 j, 𝑟 j+1), which are generally different from one another; in the 

spoofed case, different GNSS signals come from the same direction, namely  

𝑟 sp.     

 The spoofing detection unit is used to judge whether spoofing is present or 

not, according to the carrier beat phases from two GNSS receivers. This 

module can serve as a separate module with its own hardware and software. 

It can also be incorporated into one of the GNSS receivers (A or B). It can 

also be just a set of software which can run well on a PC or other platforms.  

 The spoofing detection unit gets the carrier phase observation 𝜙𝐴
𝑗
 (j = 1. . . 

N) from GNSS receiver A and  𝜙𝐵
𝑗
 from GNSS receiver B. Then it obtains 

single-difference carrier phase ∆𝜑𝐵𝐴
𝑗

 and double-difference carrier phase ∆𝜑𝐵𝐴
𝑖𝑗

 

(i ≠ j). To eliminate the influence  of GNSS integer ambiguity resolution, the 

fraction parts, namely 𝜙𝐵𝐴
𝑖𝑗

, can be obtained by use of the rounding-off method. 

When 𝜙𝐵𝐴
𝑖𝑗

 is obtained, the unit enters the decision scheme stage, which will 

be introduced in the next chapter.   

3.3 DOUBLE-DIFFERENCE CARRIER PHASES NORMALISATION:  

           The proposed spoofing detection method is based on double-difference carrier phase 

observations, the characteristics of which are different in the non-spoofed case and in the 

spoofed case. However, due to the existence of integer ambiguity, the double-difference 

carrier phase observations are not directly available for use, and this needs to be normalised 

in some way. The flow diagram of this unit is shown in Figure 3. 

3.3.1 Specific analysis of non-spoofed case and spoofed case: 

       The single-difference carrier phase model for the non-spoofed case is: 

             ∆ 𝜑𝐵𝐴
𝑗

 = 𝜑𝐵
𝑗
 - 𝜑𝐴

𝑗
                                                                            

                            =-𝜆−1( 𝑟 𝑗)
𝑇
𝐴�⃗� 𝐵𝐴 + ∆𝑁𝐵𝐴

𝑗
+ 𝑛𝑚𝑢𝑙_𝐵𝐴

𝑗
+ 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴

𝑗                  (1)  



NavIC Spoofing Detection Technique Using Double-

Difference Carrier Phase Measurements 

   

Dept. of. ECE, GPCET, Kurnool                                           17 
                                       
 

 

Where 𝜙𝐵
𝑗
 and 𝜙𝐴

𝑗
 respectively represent the beat carrier phases of the signal 

from satellite j received by Antenna A and Antenna B. The single-difference 

carrier phase is denoted as ∆  𝜙𝐵𝐴
𝑗

, the nominal carrier wavelength is λ, the 

transfer matrix from body coordinates to reference  coordinates is A (𝑟 𝑗 is 

defined in the reference coordinates and �⃗� 𝐵𝐴 is defined in the local antenna 

body coordinates), the single-difference integer ambiguity term is  ∆𝑁𝐵𝐴
𝑗

, the 

single-difference multipath noise   term is 𝑛𝑚𝑢𝑙_𝐵𝐴
𝑗

 (zero-mean Gaussian noise, 

standard deviation  is σmul) and the single-difference thermal noise term is 

𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

(zero-mean Gaussian noise, standard deviation is σ ther). 

         The receiver thermal noise standard deviation σt can be estimated according to the 

following formula (Betz, 2000). 

                       

                                                    𝜎𝑡 = 
1

2𝜋
√

𝐵𝐿

𝐶 𝑁0⁄
[1 +

1

2𝑇𝑐𝑜ℎ𝐶 𝑁0⁄
]                                                   (2)

 

Where BL is the noise bandwidth of the phase-lock loop. As 𝐵𝐿 decreases, the filtering 

effect gets better, and the performance of tracking high dynamic signals gets worse. That 

is to say, the value of BL cannot be extremely high or extremely low. As for an on board 

user, the reasonable range of 𝐵𝐿 is 1Hz ∼25 Hz. In this paper, 𝐵𝐿 = 20Hz is taken as an 

average example. σt denotes the standard deviation of receiver thermal noise from 

𝜑𝐵
𝑗
 ( 𝑜𝑟 𝜑𝐴

𝑗
 ) and σther refers to the standard deviation of the single-difference thermal 

noise term 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

 from (𝜑𝐵
𝑗
− 𝜑𝐴

𝑗
). According to signal processing theory, σther is √2 

times as much as σt in the single-difference process. When the received carrier-to-noise 

ratio for each branch of signals is 35 dB-Hz, and Tcoh = 1 ms is the integration time, we 

can get σther = √2σt ≈ 0·0193(cycles). The single-difference multipath error standard 

deviation is σther = 0·33(rad) ≈ 0·0525(cycles) (Psiaki et al., 2014). 
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             NavIC SPOOFING DETECTION TECHNIQUE 

 

 

          

 

 

 

 

 

 

   

 

                    

 

 

 

 

 

 

 

 

 

 

 

 

                  Figure 3.3 Work flowchart of spoofing detection unit. 
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The multipath sigma formula is simplified in order to simulate an average multipath 

environment. Considering the flexibility of multipath signals, such as in complex urban 

conditions, further research is needed to improve the model. 

The double-difference carrier phase in the non-spoofed case can be expressed as:                 

 

                     ∆𝜑𝐵𝐴
𝑖𝑗

 = ∆𝜑𝐵𝐴
𝑖 − ∆𝜑𝐵𝐴

𝑗
  

                                                

                         = −𝜆−1(𝑟 𝑖 − 𝑟 𝑗)
𝑇
𝐴�⃗� 𝐵𝐴 + (∆𝑁𝐵𝐴

𝑖 − ∆𝑁𝐵𝐴
𝑗

) + (𝑛𝑚𝑢𝑙𝐵𝐴

𝑖 − 𝑛𝑚𝑢𝑙𝐵𝐴

𝑗
) +

                                  (𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖 − 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴

𝑗
)   

 

                                                = −𝜆−1(𝑟 𝑖 − 𝑟 𝑗)
𝑇
𝐴�⃗� 𝐵𝐴 + ∆𝑁𝐵𝐴

𝑖𝑗
+ 𝑛𝑚𝑢𝑙_𝐵𝐴

𝑖𝑗
+ 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴

𝑖𝑗              (3)                 

 

Where ∆𝜑𝐵𝐴
𝑖𝑗

 denotes the double-difference carrier phase, ∆𝑁𝐵𝐴
𝑖𝑗

 is the double-difference 

integer-ambiguity term, 𝑛𝑚𝑢𝑙_𝐵𝐴
𝑖𝑗

(zero-mean Gaussian noise, standard deviation is 

√2𝜎𝑚𝑢𝑙) is the double-difference multipath noise term and 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

 (zero-mean Gaussian 

noise, standard deviation is √2𝜎𝑡ℎ𝑒𝑟) the double-difference thermal noise term. 𝜎𝑚𝑢𝑙 

represents the standard deviation of 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖 , 𝑎𝑛𝑑 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴

𝑖𝑗
 𝑒𝑞𝑢𝑎𝑙𝑠 (𝑛𝑡ℎ𝑒𝑟_𝐵𝐴

𝑖 −

𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

). Obviously, the standard deviation of 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

 𝑖𝑠 √2𝜎𝑡ℎ𝑒𝑟  , according to signal 

processing theory. Similarly, the standard deviation of 𝑛𝑚𝑢𝑙_𝐵𝐴
𝑖𝑗

 is √2𝜎𝑚𝑢𝑙. 

 

The single-difference carrier phase model in the spoofed case can be expressed as: 

                        ∆𝜑𝐵𝐴
𝑗

= 𝜑𝐵
𝑗
− 𝜑𝐴

𝑗   

                               = -𝜆−1(𝑟 𝑠𝑝)𝑇𝐴�⃗� 𝐵𝐴 + ∆𝑁𝐵𝐴
𝑗

+ 𝑛𝑚𝑢𝑙_𝐵𝐴 + 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

           (4) 

Where 𝑛𝑚𝑢𝑙_𝐵𝐴 represents the single-difference multipath noise term. As all the false 

signals have the same propagation, all the spoofing signals have the same multipath noise 

term and the same single-difference multipath noise term. 
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The double-difference carrier phase in the spoofed case is:    

                       ∆𝜑𝐵𝐴
𝑖𝑗

= ∆𝜑𝐵𝐴
𝑖 − ∆𝜑𝐵𝐴

𝑗
        

                                    = (∆𝑁𝐵𝐴
𝑖 − ∆𝑁𝐵𝐴

𝑗
) + (𝑛𝑡ℎ𝑒𝑟_𝐵𝐴

𝑖 − 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

)              (5)           

                                        = ∆𝑁𝐵𝐴
𝑖𝑗

+ 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

  

In Equation (5), the double-difference carrier phase in the spoofed case only includes the 

double-difference integer-ambiguity term and the single-difference thermal noise term, 

since the -𝜆−1(𝑟 𝑠𝑝)𝑇𝐴�⃗� 𝐵𝐴 term and the 𝑛𝑚𝑢𝑙_𝐵𝐴 term are eliminated through double 

difference. If ∆𝑁𝐵𝐴
𝑖𝑗

  can be removed, ∆𝜑𝐵𝐴
𝑖𝑗

 should only include 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

. 

 

3.3.2. Algorithm to obtain the  double-difference carrier phase 

measurements:     

In order to obtain ∆𝜑𝐵𝐴
𝑖𝑗

, 𝑟 𝑗 , 𝐴 𝑎𝑛𝑑 ∆𝑁𝐵𝐴
𝑖𝑗

  must be known accurately. However, there is 

much difficulty in doing so. Here, a practical way is proposed to obtain 

∆𝜑𝐵𝐴
𝑖𝑗

 𝑤ℎ𝑖𝑙𝑒 𝑟 𝑗, 𝐴, 𝑎𝑛𝑑 ∆𝑁𝐵𝐴
𝑖𝑗

 can be ignored. 

 

                     𝜙𝐵𝐴
𝑖𝑗

= ∆𝜑𝐵𝐴
𝑖𝑗

− < ∆𝜑𝐵𝐴
𝑖𝑗

> 
                           

                                = 𝑓(∆𝜑𝐵𝐴
𝑖𝑗

)                                                                                (6) 

 

Where < ∆𝜑𝐵𝐴
𝑖𝑗

> means taking the Rounding Numbers (omitting decimal fractions 

smaller than 0·5 and counting all others) of ∆𝜑𝐵𝐴
𝑖𝑗

; 𝜙𝐵𝐴
𝑖𝑗

 ranging from −0·5 cycles to 0·5 

cycles denotes the normalised result of ∆𝜑𝐵𝐴
𝑖𝑗

. f (x) = x −< 𝑥 > is a user-defined function. 

For example, ∆𝜑𝐵𝐴
𝑖𝑗

 

                 −1·22, 0 ·51, 3·42, 5 

After normalisation, 𝜙𝐵𝐴
𝑖𝑗

 

               −0·22, −0·49, 0·42, 0 
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In the spoofed case, the normalised result is equivalent to that of eliminating the double-

difference integer-ambiguity term ∆𝑁𝐵𝐴
𝑖𝑗

. 

In the non-spoofed case,−𝜆−1(𝑟 𝑖 − 𝑟 𝑗)𝑇𝐴�⃗� 𝐵𝐴 will not always be an integer, so 𝜙𝐵𝐴
𝑖𝑗

will 

not always be close to a value of zero, which is different from that in the spoofed case. 
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4.1 Hardware 

PolaRx5 

 

       Fig 4.1: Multi-frequency, multi-constellation GNSS reference receiver 

PolaRx5 is a versatile and robust multi-frequency GNSS reference receiver. The unique 

design of its tracking provides measurements with the lowest noise on the market while 

constantly monitoring and protecting against interference, multipath and other 

environmental effects.  

The PolaRx5 is developed specifically to support the most demanding applications for 

the earth science community offering a select range of advanced features which enable 

maximum accuracy and functionality. Powered by Septentrio’s next generation multi-

frequency engine, the PolaRx5 offers 544 hardware channels for robust and high quality 

GNSS tracking.  

Independent tests have shown the PolaRx5 to consistently rank highest among GNSS 

receivers in many areas of measurement quality, including fewest number of cycle slips 

and lowest power consumption well below 2W. 

The IP68 compliant variant, the PolaRx5e is also available which comes complete 

with battery. The GNSS specifications of the PolaRx5 and PolaRx5e are identical. 

The physical specifications differ slightly and are documented in the PolaRx5 datasheet. 

https://www.septentrio.com/en/products/gnss-receivers/reference-receivers/polarx5e
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 Key features 

• Tracks all visible GNSS signals (GPS, GLONASS, Galileo, BeiDou, IRNSS) 

• High precision, low noise measurements 

• Unique Advanced Interference monitoring and mitigation (AIM+) + 

advanced GNSS+ toolkit 

• Powerful web interface and logging tools 

• Rugged housing and multiple interfaces 

• Up to 8 independent logging sessions 

• Logging both internally and to an external device 

• Internal battery for autonomous >24-hour operation (only available on PolaRx5e) 

• IP68 compliant (only available on PolaRx5e) 

The GNSS+ toolkit - converting bad environments into good positioning 

Septentrio’s field-proven Advanced Interference Mitigation (AIM+) technology 

enables the PolaRx5 to filter out both intentional and unintentional sources of radio 

interference, from narrowband signals over high powered pulsed signals to chirp jammers 

and Iridium interferers. 

Septentrio’s patented Multipath Mitigation (APME+) technology – unique in 

eliminating short delay multipath without introduction of bias – guarantees superior 

measurement quality. If needed, the user has the ability to activate or deactivate 

APME+ to obtain completely unmodified measurements. 

Mechanical vibrations or shocks caused by rough terrain can wreak havoc with satellite 

tracking. LOCK+ automatically adjusts the parameters of your receiver so you never lose 

position. 

 

 

https://www.septentrio.com/en/company/septentrio-gnss-technology/advanced-interference-monitoring-mitigation-aim
https://www.septentrio.com/en/company/septentrio-gnss-technology
https://www.septentrio.com/en/products/software
https://www.septentrio.com/en/products/gnss-receivers/reference-receivers/polarx5e
https://www.septentrio.com/en/products/gnss-receivers/reference-receivers/polarx5e
https://www.septentrio.com/en/company/septentrio-gnss-technology/advanced-interference-monitoring-mitigation-aim
https://www.septentrio.com/en/company/septentrio-gnss-technology/apme-multipath-mitigation-technology
https://www.septentrio.com/en/company/septentrio-gnss-technology/lock-robust-tracking-under-rapid-signal-changes
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Intuitive Web user interface 

                                 

 Fig 4.2: Web interface of the Septentrio PolaRx5 reference receiver 

With your high-precision GPS reference receiver comes an intuitive web user interface 

for easy operation and monitoring allowing you to control the receiver from any mobile 

device or computer. The web interface also uses easy-to-read quality indicators ideal to 

monitor the receiver operation during the job at hand. 
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4.2 SOFTWARE REQUIREMENT  

4.2.1 MATLAB  

Matlab is a high performance language for technical computing. It integrates computation 

visualization and programming in an easy to use environment. Matlab stands for matrix 

laboratory. It was written originally to provide easy access to matrix software developed 

by LINPACK (linear system package) and EISPACK (Eigen system package) projects. 

Matlab is therefore built on a foundation of sophisticated matrix in which the basic 

element in matrix that does not require pre dimensioning which to solve many technical 

computing problem especially those with matrix and vector formulations, in a fraction of 

time. Matlab features of applications specific solutions called toolbox. Very important to 

most users of matlab, toolboxes allow learning andapplying specialized technology. 

These are comprehensive collections of matlab functions that extend the matlab 

environment to solve particular classes of problems. Areas in which toolboxes are 

available include signal processing, control system, neural networks, fuzzy logic, 

wavelets, simulation and many others. 

4.2.2 TYPICAL USES OF MATLAB  

The typical using areas of matlab are 1. Math and computation 2. Algorithm and 

development +3. Data acquisition 4. Data analysis, exploration and visualization 5. 

Scientific and engineering graphics 6. Modelling 7. Simulation 8. Prototyping 9. 

Application development and including graphical user interface building. Matlab is an 

interactive system whose basic data element is an array that does not require 

dimensioning. This allows you to solve many technical computing problems, especially 

those with matrix and vector formulations, in a fraction of the time it would take to write 

a program in a scalar non-interactive language such as C or FORTRON. Matlab features 

a family of add-on application-specific solutions called toolbox. Very important to most 

users of matlab, toolbox allows you to learn and apply specialized technology. Toolbox 

is comprehensive collections of matlab functions that extend the matlab environment to 
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solve particular classes of problems. Areas in which toolboxes are available include signal 

processing, control systems, neural networks, fuzzy logic, wavelets, simulation and many 

others. 

4.2.3 FEATURES OF MATLAB 

 1. Advance algorithm for high performance numerical computation, especially in the 

field matrix algebra. 

 2. A large collection of predefined mathematical functions and the ability to define one’s 

own functions.  

3. Two- and three dimensional graphics for plotting and displaying data. 

4. Powerful, matrix or vector oriented high level programming language for individual 

applications.  

5. Toolboxes available for solving advanced problems in several application areas. 

4.3 MATLAB WINDOW 

 The mat lab works based on five windows 

 1. Command window 

 2. Work space window 

 3. Current directory window  

4. Command history window  

5. Editor window   
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6. Graphics window 

 7. Online-help window 

4.4 MATLAB FILES 

 Matlab has three types of files for storing information. They are M-files and MAT- files. 

4.4.1 M-FILES 

These are standard ASCII text file with ‘m’ extension to the file name and creating own 

matrices using m-files which are text files containing MATLAB code. MATLAB editor 

or another editor is used to create a file containing the same strengths which are typed at 

the MATLAB command line and save the file under a name that ends in m.   

4.4.2 MAT-FILES 

 These are binary files with .mat extension to that files created by matlab when the data 

is saved. The data written in a special format thatonly matlab can read. These are located 

into matlab with load command. 

 4.5 MATLAB SYSTEM 

 The matlab system consists of five main parts: 

 4.5.1 DEVELOPEMET ENVIRONMENT  

This is the set of tools and facilities that help you see use matlab functions and files. Many 

of these tools are graphical user interface. In includes the matlab desktop and command 

window, a command history, an editor and debugger, and browser for viewing help, the 

work space, files and search path.  
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4.5.2 MATLAB MATHEMATICAL FUNCTION 

This is a vast collection of computational algorithms ranging from elementary functions 

like sum, sine, cosine and complex arithmetic to more many functions like matrix inverse, 

matrix Eigen values, Bessel functions and fast Fourier transforms. 

 4.5.3 MATLAB LANGUAGE 

This is a high level matrix or array language with control flow statements, functions, data 

structures, input or output and object oriented programming features. It allows both 

programming in the small to rapidly create quick and dirty throw-away programs, and 

programming in the large to create complete large and complex application programs. 

 4.5.4 GUI CONSTRUCTION 

Matlab has extensive facilities for displaying vectors and matrices as graphs, as well as 

annotating and printing these graphs. It includes high-level functions for two-dimensional 

and three-dimensional data visualization, image processing, and animation and 

presentation graphics. It also includes low-level functions that allow you to fully 

customize the appearance of graphics as well as to build complete graphical user interface 

on your mat lab applications.  

4.5.5 MATLAB APPLICATION PROGRAM INTERFACE  

It is a library that allows you to write C and FORTRAN programs that interact with 

matlab. It includes facilities for calling routines from matlab, calling matlab as a 

computational engine and for reading and writing MAT-files. 
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                                                 CHAPTER-5 

                          RESULTS AND DISCUSSIONS 

The project “NavIC Spoofing Detection Technique Using Double-difference Carrier 

Phase Measurements” is implemented with MATLAB software. It is tested successfully 

for the following images. 

 

Fig 5.1 Experiment scene in the non-spoofed case 

 

The above figure 5.1 shows the experiment scene in the non-spoofed case. In our 

college we are having NavIC receiver station. In the diagram we can see that the 

antenna is mounted on the roof on our college building. This antenna takes the signals 

from the satellites and pass those signals to the receivers through the cables. From those 

receivers we are collecting the raw data. This raw data that is obtained will again be 

converted into RINEX. By using this raw data we plot the sky plot. So that we can 

connect the signals that are present in the cables to any device like laptop, system, etc., 
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Fig 5.2 Sky plot of all visible satellites of multiple constellations. 

The above figure 5.2 depicts the sky plot of all visible satellites of multiple constellations. 

Sky plots explains us about the location and position of the satellites. Here we can see 

different satellites like C, E, G, B, P. Those are multiple constellations. Because of these 

different satellites we get multiple signals. 

 

 

Fig 5.3 NavIC satellites L5 signal strength bar diagram. 
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The above figure 5.3 shows the bar diagram of NavIC (Navigation Indian Constellation) 

satellites for L5 signal strength. On X-axis we have taken satellites with channels and on 

Y-axis we have taken signal strength in terms of carrier to noise density ratio. Signal 

strength can be measured in decibels Hertz(dB-Hz). Here we have taken seven satellites 

to measure the signal strength. At one instant of time the signal strength of all NavIC 

satellites is measured and it is mentioned below. 

In ch01 the signal is received from I01 and the strength of the signal is 48 dB-Hz 

In ch34 the signal is received from I02 and the strength of the signal is 52 dB-Hz 

In ch35 the signal is received from I03 and the strength of the signal is 51 dB-Hz 

In ch41 the signal is received from I04 and the strength of the signal is 47 dB-Hz 

In ch50 the signal is received from I05 and the strength of the signal is 49 dB-Hz 

In ch51 the signal is received from I06 and the strength of the signal is 46 dB-Hz 

In ch60 the signal is received from I07 and the strength of the signal is 45 dB-Hz 

Here ch01, ch34, ch35, ch41, ch50, ch51, ch60 are the receiver channels. The receivers 

here used are capable to receive 200 signals (it can receive signals from 200 satellites). 

For the satellites used the minimum signal strength is 45 dB-Hz and the maximum 

signal strength is 52 dB-Hz. For all the satellites the received signal strength is above 45 

dB-Hz. This 45 dB-Hz value is large. 

 

 

Fig 5.4 Variation of Double difference carrier phase in the non-spoofed 

case 
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The above figure 5.4 shows the variations of double difference carrier phase in the non-

spoofed case. Here the normalized double difference carrier phase values are changing 

with respect to Time/s. On X-axis we have taken Time/second and on Y-axis we have 

taken the normalized double difference carrier phase. The normalised carrier differences 

in the non-spoofed case changes considerably between −0·5∼0·5. Taking blue curve as 

an example, when the normalised double difference carrier phases are around the −0·5 or 

0·5 values, a constant phase cycle slip appears among the adjacent values. As we can see 

in the graph it is observed that the maximum normalized double difference carrier phase 

is approximately 0.5 cycles and the minimum double difference carrier phase is 

approximately -0.5 cycles. In this figure we considered two satellites data named I02 and 

I03. The graph is not constant because there exists some errors. Due to these errors the 

value is changing continuously. To obtain accurate normalized carrier phase double 

difference between two satellites we should completely eliminate all these errors to get 

correct normalized carrier phase difference.  

 

 

Fig 5.5 Variation of Double difference carrier phase in the spoofed case 

The above figure 5.5 shows the variation of Double difference carrier phase in the spoofed 

case. Here the normalized double difference carrier phase values are changing with 

respect to  
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Time/s. On X-axis we have taken Time/second and on Y-axis we have taken normalized 

double difference carrier phase. The normalized double difference carrier phase is 

measured in cycles.  

          The normalized double difference carrier phase in the spoofed case fluctuate 

slightly between −0·05∼0·05. it is observed that the maximum normalized double 

difference carrier phase is approximately 0.05 cycles and the minimum normalized 

double difference carrier phase is approximately -0.05 cycles.   
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 CHAPTER-6 

ADVANTAGES & APPLICATIONS 

6.1  Advantages: 

• Better location help with accuracy 

• Indian consumers do not have to rely on foreign technology for navigation 

purposes. This make it more important for military purposes 

• NAVIC can offer its services in all weather conditions as it accesses frequency 

bands that are less volatile to changes in ionospheric properties. 

• It will help in navigation in remote areas. Hence will ensure supply of goods and 

services to those remote parts of the country. 

• It will help in detection of natural disasters. NAVIC has the potential for 

generating significant revenue for the country. 

• Ease of integration with third party apps. 

• It should go for a more differential access model with customized contracts for 

higher precision services, and consider assumption of contractual liability for 

navigational errors. 

• Government should actively consider the claims arising from civilian use by 

assuming liability for NAVIC’s navigational errors. 

• Government should introduce a strong data protection regime made applicable 

statutorily or even contractually to developers who gain customer location data 

through NAVIC. It will increase reliability & trust. 

• NAVIC will guide fishermen and sailors by showing shortest route to place of 

large fish availability. 

• NAVIC will aid the armed forces in accurately determining their position in 

combat and help direct missiles straight into enemy territory 

• NAVIC's position accuracy will aid relief and rescue operations conducted during 

disaster situations like floods and earthquakes.  
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6.2 Applications: 
 

➢ Navigation 

• Boats and ships 

• Spacecraft 

• Hikers, climbers 

• Air navigation 

• Cyclists 

• Automobiles 

• Heavy Equipments 

 

➢ Geographic Data collection 

• Surveying 

• Mapping and Geographic information systems 

• Archeology 

• Geophysics and Geology 

• Engineering 

 

➢ Emergency Response 

• Disasters 

• Search and Rescue 

 

➢ Other Uses 

• Military Precision 

• Mobile Satellite Communications 

• GPS Tracking 

• Weather Prediction 
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                                        CHAPTER-7 

                                       CONCLUSION 

NavIC is one of the recent regional navigation satellite system launched specifically for 

the Indian sub-continent. This paper proposes the method of NavIC Spoofing detection 

technique by using Double - difference carrier phase which can function well in detecting 

the false signals. By using NavIC satellite we get better Accuracy and Precision. In this 

spoofing detection technique double difference carrier phase plays a vital role to identify 

the false signals. Based on the calculations of the double difference carrier phase we can 

identify the spoofed and non-spoofed signals. If the signal is non-spoofed signal the 

double difference carrier phase values ranges from -0.5 to 0.5 cycles and if the signal is 

spoofed signal double difference carrier phase values ranges from -0.05 to 0.05 cycles. 

With NavIC India has placed itself in the prestigious league of countries having their own 

satellite navigation system. The spoofing detection is relatively simple and is highly 

reliable. NavIC Satellites are always present for the users from India. 
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ABSTRACT 

Many applications today rely on data provided by NavIC, 

but the inability of NavIC signals to generate spoofing and 

jamming is a design challenge. It is worth noting that the 

risk of jamming is higher than the risk of spoofing, 

because the loss of location integrity is not always 

obvious. This project presents a spoofing detection 

approach primarily based totally on a dual antenna shape 

and uses double difference carrier phase measurements. 

Since all interfering signals are carried by a single antenna, 

it is possible to perform spoofing detection hypothesis 

testing by normalizing the double difference carrier phase 

measurement without considering the entire ambiguity 

problem, basis vector measurement, and true direction 

estimation. This is confirmed by actual experiments. This 

spoofing detection method can be easily applied to the 

NavIC anti-spoofing receiver without re-architecting, and 

the function is simple and effective. 

(1) INTRODUCTION: 

NavIC is India’s first strive at a satellite navigation device 

with industrial and strategic applications. It terms 

Navigation with Indian Constellation.Thatgoals to offer 

unique positioning offerings to fulfil the increasing 

demands of citizens and civil aviation. The name of the 

Indian Regional Navigation Satellite System or IRNSS. 

NavIC turned into advanced with the aid of using ISRO 

(Indian Space Research Organization). 

NavIC is an autonomous satellite navigation system 

composed of eight satellites. Three of them are 

geostationary satellites located in suitable orbital positions 

on the geostationary orbit. The remaining 5 satellites are 

geostationary satellites, which rotate with the equatorial 

plane at a slope angle of 29° and orbit the earth. The 

IRNSS constellation consists two kinds of services. The 

Restricted service (RS), which will be an encrypted service 

and the Standard Positioning service (SPS), which is for all 

users. However, the sensitivity of navigation signals to 

spoofing and jamming is an increasingly serious problem. 

Spoofing is a more complex mode of interference that can 

cause the receiver to report incorrect navigation 

information by transmitting false NavIC signals.NavIC is 

used in many sources such as Navigation, Mapping 

surveying, Emergency responses. Other uses areMilitary 

Precision, Mobile Satellite Communications,GPSTracking, 

Weather Prediction, Social Networking. 

2. New spoofing detection method using double-

difference carrier phases 

Mostly, from single antenna, a spoofer sends all the 

inaccurate signals. Here, it is rather difficult to resolve 

problems that exist for a multiantenna-spoofer such as time 

synchronization. A NavIC spoofing detection method is 

introduced by this paper into a modern essay.In this project 

double-difference carrier phase values are observed.  

Psiaki invented a spoofing detection method on single-

difference processing in (2013a;2013b;2014). Broumandan 

and Jafarnia-Jahromi have probe a spoofing detection 

method on double-difference processing in 2016 and 2014. 

In contrast,theproposed method in this paper gives 

significance to the use of double-difference carrier phase 

without taking the integer ambiguity problem. 

NavIC Spoofing Detection Technique 

 

Fig 1. The primary structure of the spoofing detection 

system 

2.1 Spoofing Detection System Structures 

Our recognition framework essentially comprises of two 

GNSS receivers (Receiver A and Receiver B) and a 

spoofing identification unit. This framework is portrayed 

in Figure 1. The receiving wire of receivers A and B are 

individually communicated as Antenna A and Antenna B. 

�⃗� BA means the standard vector from Antenna A to Antenna 

B, of which the bearing is from A to B (portrayed in 

Figure2). 𝑟 jindicates the true signal propagation vector 

from satellite j to the GNSS receiver and𝑟 spmeans the 

spoofing signal spread vector from the spoofer to the 

GNSS receiver. At the point when it meets the terms|�⃗� BA| 
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<<𝑟 j, |�⃗� BA| <<𝑟 sp, the signal propagation vector to the 

phase focus of Antenna A can be thought to be 

corresponding to that of Antenna B. 

The essential standard of this detection framework is to 

utilize the two-radio wire math toexamine the highlights of 

the in-space signal. As demonstrated in Figure 2, in the no-

spoofingcase, the propagation ways of satellites accessible 

are  (. . . , 𝑟 j-1, 𝑟 j,𝑟 j+1), which are by andNavIC same 

direction, to be specific  𝑟 sp. 

Fig2.Spoofing attack scenario 

The two GNSS receivers carrier beat phases are used to 

check whether the signal is spoofed or not in the spoofing 

detection unit.This module can fill in as a different module 

with its own equipment and programming. It can be 

includedas one of the GNSS receivers [A or B]. It can 

likewise be only a bunch of programming which can run 

successfully on a computer or different stages. 

The GNSS receiver A carrier phase observation is denoted 

as𝜙𝐴
𝑗
 (j = 1. . . N)and GNSSreceiver B carrier phase 

observation is denoted as𝜙𝐵
𝑗
. These carrier phase 

observations are given to spoofing detection unit. Then 

calculate single-difference carrier phase and it is denoted 

as ∆𝜑𝐵𝐴
𝑗

 .∆𝜑𝐵𝐴
𝑖𝑗

(i ≠j) is the double-difference carrier phase. 

The rounding-off method is used to obtain 𝜙𝐵𝐴
𝑖𝑗

 and also 

eliminate the integer ambiguity resolution.After 𝜙𝐵𝐴
𝑖𝑗

 is 

obtained, the spoofing detection unit going into decision 

scheme stage, which will be presented in the following 

part. 

2.2 Double-Difference Carrier Phases Normalisation:  

The proposed spoofing detection method is depend on 

double-difference carrier phase measurements. In the 

spoofed andnon-spoofed case, the characteristics are 

different. The double-difference carrier phase 

measurements cannot be used directly due to the existence 

of integer ambiguity and this requires normalisation. The 

flow chart of the spoofing detection unit is shown in 

Figure 3. 

2.2.1 Specific analysis of non-spoofed case and spoofed 

case: 

In non-spoofed case, the single-difference carrier phase 

model is given by: 

∆ 𝜑𝐵𝐴
𝑗

 = 𝜑𝐵
𝑗
 - 𝜑𝐴

𝑗
 =-𝜆−1(𝑟 𝑗)𝑇𝐴�⃗� 𝐵𝐴 + ∆𝑁𝐵𝐴

𝑗
+ 𝑛𝑚𝑢𝑙_𝐵𝐴

𝑗
+

𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

(1) 

Where 𝜙𝐴
𝑗
and 𝜙𝐵

𝑗
respectively represents 

thesatellite j signalcarrier beat phases which is 

received by Antenna A and Antenna B.∆  𝜙𝐵𝐴
𝑗

 is 

the single-difference carrier phase,  the nominal 

carrier wavelength is λ,  A is the transfer matrix 

from body coordinates to 

referencecoordinates( the reference coordinates is 

denoted by 𝑟 𝑗 andlocal antenna body coordinates  

is denoted by �⃗� 𝐵𝐴), the single-differenceinteger 

ambiguity term is ∆𝑁𝐵𝐴
𝑗

, thesingle-difference 

multipath noiseterm is𝑛𝑚𝑢𝑙_𝐵𝐴
𝑗

(zero-mean Gaussian 

noise, standard deviationis σmu l) and the single-

difference thermal noise term is 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

(zero-

meanGaussian noise, standard deviation is σ t her).  

         The receiver thermal noise standard deviation σtcan 

be calculated by using the below formula (Betz, 2000). 

𝜎𝑡 =  
1

2𝜋
√

𝐵𝐿

𝐶 𝑁0⁄
[1 +

1

2𝑇𝑐𝑜ℎ𝐶 𝑁0⁄
]  (2) 

Where BL is the phase-lock loop noise bandwidth. As 

𝐵𝐿 reduces, the filtering effect gets superior, and the high 

dynamic signals tracking performance is poor. So that the 

value of BL cannot be too high or too low. The reasonable 

range of 𝐵𝐿is 1Hz ∼25 Hz for an on board user. In this 

paper, 𝐵𝐿= 20Hz is taken as an example. The receiver 

thermal noise standard deviation from 𝜑𝐵
𝑗
 ( 𝑜𝑟 𝜑𝐴

𝑗
 )is 

denoted by σtandthe single-difference thermal noise term 

𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

 standard deviation is denoted by σtherfrom (𝜑𝐵
𝑗
−

𝜑𝐴
𝑗
). In the single-difference process σtheris √2 times as 

much as σtbased on signal processing theory. We get σther = 

√2σt ≈ 0·0193(cycles) when the received carrier-to-noise 

ratio for each branch of signals is 35 dB-Hz, and the 

integration time is Tcoh = 1 ms. The single-difference 

multipath error standard deviation is σther= 0·33(rad) ≈ 

0·0525(cycles) (Psiaki et al., 2014). In order to simulate an 

average multipath environment we need to simplify the 

multipath sigma formula. Based on the flexibility of 

multipath signals, such as in complex urban conditions, 

further research is required to improve the model. 

In non-spoofed case, the double-difference carrier phase 

can be expressed as:  

∆𝜑𝐵𝐴
𝑖𝑗

= ∆𝜑𝐵𝐴
𝑖 − ∆𝜑𝐵𝐴

𝑗

= −𝜆−1(𝑟 𝑖 − 𝑟 𝑗)𝑇𝐴�⃗� 𝐵𝐴

+ (∆𝑁𝐵𝐴
𝑖 − ∆𝑁𝐵𝐴

𝑗
)

+ (𝑛𝑚𝑢𝑙𝐵𝐴

𝑖 − 𝑛𝑚𝑢𝑙𝐵𝐴

𝑗
)

+ (𝑛𝑡ℎ𝑒𝑟𝐵𝐴

𝑖 − 𝑛𝑡ℎ𝑒𝑟𝐵𝐴

𝑗
) 

 

 = −𝜆−1(𝑟 𝑖 − 𝑟 𝑗)𝑇𝐴�⃗� 𝐵𝐴 + ∆𝑁𝐵𝐴
𝑖𝑗

+  𝑛𝑚𝑢𝑙_𝐵𝐴
𝑖𝑗

+ 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

(3) 

 

Where ∆𝜑𝐵𝐴
𝑖𝑗

represents the double-difference carrier phase, 

∆𝑁𝐵𝐴
𝑖𝑗

is the double-differenceinteger-ambiguity term, 

𝑛𝑚𝑢𝑙_𝐵𝐴
𝑖𝑗

(zero-mean Gaussian noise, standard deviation is 

√2𝜎𝑚𝑢𝑙)is the double-difference multipath noise term and 

𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

(zero-mean Gaussian noise, standarddeviation is 

√2𝜎𝑡ℎ𝑒𝑟) the double-difference thermal noise term. 
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𝜎𝑚𝑢𝑙represents thestandard deviation of 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖 ,

𝑎𝑛𝑑 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

𝑒𝑞𝑢𝑎𝑙𝑠(𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖 − 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴

𝑗
).Obviously, the 

standarddeviation of 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

 𝑖𝑠 √2𝜎𝑡ℎ𝑒𝑟  . Comparably, the 

standard deviation of 𝑛𝑚𝑢𝑙_𝐵𝐴
𝑖𝑗

 is √2𝜎𝑚𝑢𝑙 based on signal 

processing theory. 

In spoofed case, the single-difference carrier phase model 

can be expressed as: 

∆𝜑𝐵𝐴
𝑗

= 𝜑𝐵
𝑗
− 𝜑𝐴

𝑗
=-𝜆−1(𝑟 𝑠𝑝)𝑇𝐴�⃗� 𝐵𝐴 + ∆𝑁𝐵𝐴

𝑗
+  𝑛𝑚𝑢𝑙_𝐵𝐴 +

𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

           (4) 

Where 𝑛𝑚𝑢𝑙_𝐵𝐴denotes the single-difference multipath 

noise term. The propagation of all the false signals is 

same.In the same way themultipath noise term and 

thesingle-difference multipath noise term for all the false 

signals is same. 

In spoofed case,the double-difference carrier phase is 

given by 

∆𝜑𝐵𝐴
𝑖𝑗

= ∆𝜑𝐵𝐴
𝑖 − ∆𝜑𝐵𝐴

𝑗
= (∆𝑁𝐵𝐴

𝑖 − ∆𝑁𝐵𝐴
𝑗

) + (𝑛𝑡ℎ𝑒𝑟𝐵𝐴

𝑖 −

                                    𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑗

)   (5)           

= ∆𝑁𝐵𝐴
𝑖𝑗

+ 𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

 

 

The double-difference integer-ambiguity term and the 

single-difference thermal noise term are present in the 

spoofed case double-difference carrier phase which is 

denoted by equation (5), sincethe  terms -𝜆−1(𝑟 𝑠𝑝)𝑇𝐴�⃗� 𝐵𝐴  

and  𝑛𝑚𝑢𝑙_𝐵𝐴are removed through double difference. If 

∆𝑁𝐵𝐴
𝑖𝑗

can be eliminated, ∆𝜑𝐵𝐴
𝑖𝑗

should only contain𝑛𝑡ℎ𝑒𝑟_𝐵𝐴
𝑖𝑗

. 

NavIc Spoofing Detection Technique 

Fig3. Work flowchart of spoofing detection unit 

2.2.2Algorithm to obtain the Double-difference carrier 

phase measurements:Inorder to calculate∆𝜑𝐵𝐴
𝑖𝑗

,

𝑟 𝑗 , 𝐴 𝑎𝑛𝑑 ∆𝑁𝐵𝐴
𝑖𝑗

must be known accurately. However, this 

isdifficult to calculate. Here,a practical way is suggested to 

calculate∆𝜑𝐵𝐴
𝑖𝑗

 by ignoring the terms𝑟 𝑗, 𝐴, 𝑎𝑛𝑑 ∆𝑁𝐵𝐴
𝑖𝑗

. 

 

𝜙𝐵𝐴
𝑖𝑗

= ∆𝜑𝐵𝐴
𝑖𝑗

− < ∆𝜑𝐵𝐴
𝑖𝑗

>= 𝑓(∆𝜑𝐵𝐴
𝑖𝑗

)(6) 

Where < ∆𝜑𝐵𝐴
𝑖𝑗

>means taking the Rounding Numbersof 

∆𝜑𝐵𝐴
𝑖𝑗

; 𝜙𝐵𝐴
𝑖𝑗

ranges from −0·5 cycles to 0·5 cyclesdenotes 

the normalised result of∆𝜑𝐵𝐴
𝑖𝑗

. The user-defined functionis 

represented by f (x) = x −< 𝑥 >. 

For example, ∆𝜑𝐵𝐴
𝑖𝑗

 

−1·22, 0·51, 3·42, 5  

After normalisation, 𝜙𝐵𝐴
𝑖𝑗

 

−0·22, −0·49, 0·42, 0 

In the spoofed case, the normalised result is equal to that 

of removing the double-difference integer-ambiguity term 

∆𝑁𝐵𝐴
𝑖𝑗

. 

In the non-spoofed case, the term −𝜆−1(𝑟 𝑖 − 𝑟 𝑗)𝑇𝐴�⃗� 𝐵𝐴 

will not always be an integer, so 𝜙𝐵𝐴
𝑖𝑗

will not always be 

close to a value of zero, which is different from that in the 

spoofed case. 

3. Simulation Results: 

The project “NavIC Spoofing Detection Technique Using 

Double-difference Carrier Phase Measurements” is 

implemented with MATLAB software. It is tested 

successfully for the following images. 

 

Fig 4. Experiment scene in the non-spoofed case 

The above figure (4) shows the non-spoofed case 

experiment scene. In our college we are having NavIC 

receiver station. In the diagram we can see that the antenna 

is mounted on the roof on our college building. This 

antenna takes the signals from the satellites and pass those 

signals to the receivers through the cables. From those 

receivers we are collecting the raw data. This raw data that 

is obtained will again be converted into RINEX. By using 

this raw data we plot the sky plot. So that we can connect 

the signals that are present in the cables to any device like 

laptop, system, etc. 
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Fig 5. Sky plot of all clear satellites of multiple 

constellations 

The above figure (5) shows the sky plot of all clear 

satellites of multiple constellations. Sky plots explains us 

about the location and position of the satellites. Here we 

can see different satellites like C, E, G, B, P. Those are 

multiple constellations. Because of these different 

satellites we get multiple signals. 

 

Fig 6. NavIC satellites L5 signal strength bar diagram. 

The above figure (6)shows the bar diagram of NavIC 

(Navigation Indian Constellation) satellites for L5 signal 

strength.On X-axis we have taken satellites with channels 

and on Y-axis we have taken signal strength representing 

carrier to noise density ratio. Signal strength can be 

measured in decibels Hertz(dB-Hz). Here we have taken 

seven satellites to measure the signal strength. At one 

instant of time the signal strength of all NavIC satellites is 

measured and it is mentioned below. 

In ch01, signal is received from I01 and the strength is 48 

dB-Hz 

In ch34, signal is received from I02 and the strength is 52 

dB-Hz 

In ch35, signal is received from I03 and the strength is 51 

dB-Hz 

In ch41, signal is received from I04 and the strength is 47 

dB-Hz 

In ch50, signal is received from I05 and the strength is 49 

dB-Hz 

In ch51, signal is received from I06 and the strength is 46 

dB-Hz 

In ch60, signal is received from I07 and the strength is 45 

dB-Hz 

Here ch01, ch34, ch35, ch41, ch50, ch51, ch60 are the 

receiver channels. The receivers here used are capable to 

receive 200 signals (it can collect signals from 200 

satellites). For the satellites used the minimum signal 

strength is 45 dB-Hz and the maximum signal strength is 

52 dB-Hz. For all the satellites the received signal strength 

is above 45 dB-Hz. This 45 dB-Hz value is large. 

 

Fig 7. Variation of Double difference carrier phase in the 

non-spoofed case 

The above figure (7) shows the variations of double 

difference carrier phase in the non-spoofed case. Here the 

normalized double difference carrier phase values are 

changing with respect to Time/s. On X-axis we have taken 

Time/second and on Y-axis we have taken the normalized 

double difference carrier phase. The normalised carrier 

differences in the non-spoofed case changes significantly 

between −0·5∼0·5. Considering blue curve as an example, 

when the normalised double difference carrier phases are 

all over the −0·5 or 0·5 values, there appears a constant 

phase cycle slip between the adjacent values. As we can 

see in the graph it is observed that the maximum 

normalized double difference carrier phase is 

approximately 0.5 cycles and the minimum double 

difference carrier phase is approximately -0.5 cycles. In 

this figure we considered two satellites data named I02 and 

I03. The graph is not constant because there exists some 

errors. Due to these errors the value is changing 

continuously. To obtain accurate normalized carrier phase 

double difference between two satellites we should 

completely eliminate all these errors to get correct 

normalized carrier phase difference.  
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Fig 8. Variation of Double difference carrier phase in the 

spoofed case 

The above figure (8) represents the variation of Double 

difference carrier phase in the spoofed case. Here the 

normalized double difference carrier phase values are 

changing with respect to Time/s. On X-axis we have taken 

Time/second and on Y-axis we have taken normalized 

double difference carrier phase. The normalized double 

difference carrier phase is measured in cycles.  

          The normalized double difference carrier phase in 

the spoofed case differs slightly among −0·05∼0·05. It is 

observed that the maximum normalized double difference 

carrier phase is approximately 0.05 cycles and the 

minimum normalized double difference carrier phase is 

approximately -0.05 cycles.   

4. CONCLUSION 

One of the recent regional navigation satellite system 

launched specifically for the Indian sub-continent is 

NavIC. This paper proposes the method of NavIC 

Spoofing detection technique by using Double-difference 

carrier phase which can help us in detecting the false 

signals. By using NavIC satellite we get better Accuracy 

and Precision. In this spoofing detection technique double 

difference carrier phase plays a vital role to identify the 

false signals. Based on the calculations of the double 

difference carrier phase we can identify the spoofed and 

non-spoofed signals. If the signal is non-spoofed signal the 

double difference carrier phase values ranges from -0.5 to 

0.5 cycles and if the signal is spoofed signal double 

difference carrier phase values ranges from -0.05 to 0.05 

cycles. India has placed itself in the prestigious league of 

countries having their own satellite navigation system with 

NavIC. The detection of spoofing is relatively plain and is 

highly reliable. NavIC Satellites are always present for the 

users from India. 

 

REFERENCES 

[1] Akos, D. (2012). Who’s afraid of the spoofer? 

GPS/GNSS spoofing detection via automatic    gain 

control (AGC). Navigation, 59, 281–290. 

[2] Bardout, Y. (2011). Authentication of GNSS position: 

An assessment of spoofing detection methods. 

Proceedings of the 24th International Technical 

Meeting of The Satellite Division of the Institute of 

Navigation, Portland,OA. 

 

[3] Betz, J.W. (2000). Effect of narrowband interference 

on GPS code tracking accuracy. Proceedings of the 

National Technical Meeting of the ION, Anaheim, 

CA. 

[4] Broumandan, A., Jafarnia-Jahromi, A., Dehghanian, 

V., Nielsen, J. and Lachapelle, G. (2012).   GNSS 

spoofing in handheld receivers based on signal spatial 

correlation. Position, Location and 

NavigationSymposium-PLANS IEEE, Myrtle Beach, 

SC. 

[5] Broumandan, A., Jafarnia-Jahromi, A., Daneshmand, 

S., and Lachapelle, G. (2016). Overview of Spatial 

Processing Approaches for GNSS Structural 

Interference Detection and Mitigation. Proceedings of 

the IEEE, 104, 1246–1257. 

[6] Dehghanian, V., Nielsen, J. and Lachapelle, G. 

(2012). GNSS spoofing detection based on receiver 

C/No estimates. Proceedings of the 25th International 

Technical Meeting of The Satellite Division of the 

Institute ofNavigation, Nashville, TN. 

[7] Heng, L., Work, D. and Gao, G. (2015). GPS Signal 

Authentication from Cooperative Peers. IEEE 

Transactions on Intelligent Transportation Systems, 

16, 1794–1805. 

[8] Humphreys, T., Ledvina, B., Psiaki, M., O’Hanlon, B. 

and Kintner, M. (2008). Assessing the spoofing threat: 

Development of a portable GPS civilian spoofer. 

Proceedings of the 21st International Technical 

Meeting ofThe Satellite Division of the Institute of 

Navigation, Savannah, GA. 

[9] Humphreys, T. (2013). Detection Strategy for 

Cryptographic GNSS Anti-Spoofing. IEEE 

Transactions onAerospace and Electronic Systems, 

49, 1073–1090. 

[10] Hwang, P. andMcGraw, G. (2014). Receiver 

Autonomous Signal Authentication (RASA) based on 

clock stability analysis. Position, Location and 

Navigation Symposium-PLANS IEEE, Monterey, CA. 

[11] Jafarnia-Jahromi, A., Broumandan, A., Nielsen, J. and 

Lachapelle, G. (2012). GPS spoofer countermeasure 

effectiveness based on signal strength, noise power, 

and C/N0 measurements. International Journal of 

Satellite Communications and Networking, 30, 181–

191. 

[12] Jafarnia-Jahromi, A., Daneshmand, S., Broumandan, 

A., Nielsen J. and Lachapelle G. (2013). PVT 

SolutionAuthentication Based on Monitoring the 

Clock State for a Moving GNSS Receiver. European 

NavigationConference, Vienna, Austria. 

[13] Jafarnia-Jahromi, A, Broumandan, A, Daneshmand, S, 

Sokhandan, N. and Lachapelle, G. (2014). A 

doubleantenna approach toward detection, 

classification and mitigation of GNSS structural 

interference. Proceedingsof NAVITEC, Noordwijk, 

Netherlands. 

[14]Kerns, A., Wesson, K. and Humphreys, T. (2014). A 

blueprint for civil GPS navigation message 

authentication.Position, Location and Navigation 

Symposium-PLANS IEEE, Monterey, CA. 

[15] Khanafseh, S., Roshan, N., Langel, S., Chan, F., 

Joerger, M. and Pervan, B. (2014). GPS spoofing 

detection usingRAIM with INS coupling. Position, 

Location and Navigation Symposium-PLANS IEEE, 

Monterey, CA. 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue VII, July/2021

ISSN NO:0886-9367

Page No: 273



[16] Kuhn, M. (2005). An asymmetric security mechanism 

for navigation signals. Information Hiding. Springer 

BerlinHeidelberg. 

[17]Lee, J., Kwon, K., An, D. and Shim, D. (2015). GPS 

spoofing detection using accelerometers and 

performanceanalysis with probability of detection. 

International Journal of Control, Automation and 

Systems, 13, 951–959. 

[18]O’Hanlon, B., Psiaki, M., Humphreys, T. and Bhatti, J. 

(2010). Real-time spoofing detection in a narrow-band 

civil GPS receiver. Proceedings of the 23th 

International Technical Meeting of The Satellite 

Division of the Institute of Navigation, Portland, OA. 

[19] Psiaki, M., Powell, S. and O’Hanlon, B. (2013a). 

GNSS Spoofing Detection: Correlating Carrier Phase 

with Rapid Antenna Motion. GPS World, 24, 53–58. 

[20]Psiaki, M., O’Hanlon, B., Bhatti, J., Shepard, D. and 

Humphreys, T. (2013b). GPS spoofing detection via 

dual-receiver correlation of military signals. IEEE 

Transactions on Aerospace and Electronic Systems, 

49, 2250–2267. 

[21] Psiaki, M., O’Hanlon, B., Powel, S.,Wesson, D. and 

Humphreys, T. (2014). GNSS Spoofing Detection 

using Two-Antenna Differential Carrier Phase. 

Proceedings of the 27th International Technical 

Meeting of The Satellite Division of the Institute of 

Navigation, Tampa, FL. 

[22] Shepard, D., Humphreys, T. and Fansler, A. (2012). 

Evaluation of the vulnerability of phasor measurement 

unitsto GPS spoofing attacks. International Journal of 

Critical Infrastructure Protection, 5, 146–153. 

[23] Volpe, J. (2001). Vulnerability assessment of the 

transportation infrastructure relying on the global 

positioningsystem. US Department of Transportation. 

[24] Wesson, K., Shepard, D. and Humphreys, T. (2012a). 

Straight talk on anti-spoofingGPS World, 23, 32–39. 

[25]Wesson, K., Rothlisberger, M. and Humphreys, T. 

(2012b). Practical cryptographic civil GPS signal 

authentication.Navigation, 59, 177–193. 

 

 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue VII, July/2021

ISSN NO:0886-9367

Page No: 274







 

A Project Report on 

IOT INDUSTRY PROTECTION SYSTEM 

USING ARDUINO 

 submitted in partial fulfillment of the requirement for the award of the Degree of 

BACHELOR OF TECHNOLOGY 

in 

ELECTRICAL AND ELECTRONICS ENGINEERING 

                                                               by 

 

K.Saipriya   (17AT1A0257) 

Sania Sulthana   (17AT1A0270) 

G.Sowjanya   (17AT1A0266) 

B.Sridevi Reddy   (17AT1A0269) 

 

Under the Guidance of 

K.JAYASREE, M.Tech. 

Assistant Professor. 
 

 
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING 

 

G. PULLAIAH COLLEGE OF ENGINEERING AND TECHNOLOGY 
 (Accredited by NAAC of UGC with “A” Grade, Accredited by NBA (ECE,CSE & EEE) 

Approved by AICTE, New Delhi, Recognized by UGC under 2 (f) & 12 (B) & 
Permanently Affiliated to Jawaharlal Nehru Technological University Anantapur) 

Pasupula (v), Nandikotkur Road, Kurnool – 518 452, Andhra Pradesh 

2017-2021 
 
 
 
 
 
 
 



G.PULLAIAH COLLEGE OF ENGINEERING AND TECHNOLOGY 
 (Accredited by NAAC of UGC with “A” Grade, Accredited by NBA (ECE,CSE & EEE) 

Approved by AICTE, New Delhi, Recognized by UGC under 2 (f) & 12 (B) & 
Permanently Affiliated to Jawaharlal Nehru Technological University Anantapur) 

Pasupula (v), Nandikotkur Road, Kurnool – 518 452, Andhra Pradesh 
 

DEPARTMENT OF ELECTRICAL AND  ELECTRONICS ENGINEERING 

 

 

CERTIFICATE 

This is to certify that the project report entitled “Iot Industry Protection 

System Using Arduino” being submitted by by K. Saipriya (17AT1A0257),  

Sania Sulthana (17AT1A0270), G. Sowjanya  (17AT1A0266), B.Sridevi Reddy  

(17AT1A0269) in partial fulfillment of the requirement for the award of the degree 

of Bachelor of Technology in Electrical and Electronics Engineering of Jawaharlal 

Nehru Technological University Anantapur, Ananthapuramu is a record of bonafide 

work carried out by them under my guidance and supervision. 

The results embodied in this project report have not been submitted to any 

other university or institute for the award of any Degree or Diploma. 

 

 

K. Jayasree ,M.Tech.,     Dr.M.Rama Prasad ReddyM.Tech.,Phd 

Assistant Professor                                         Professor  

Head of the Department  
       

 
     

Date of Viva-Voice___________ 

 

 

INTERNAL EXAMINER                              EXTERNAL EXAMINER 

 

 

 

 

 



ACKNOWLEDGEMENT 
 

The satisfaction and euphoria that accompany the successful completion of 

any task would be incomplete without the mention of people who made it possible, 

whose constant guidance and encouragement crowned our efforts with success. It is 

a pleasant aspect that we have now the opportunity to express my gratitude for all 

of them.  

It is with immense pleasure that we would like to express my indebted 

gratitude to my Guide Sri K.JAYASREEM.Tech, Assistant Professor, Electrical 

and Electronics Engineering Department, who has guided me a lot and 

encouraged me in every step of the project work. We thank him for the stimulating 

guidance, constant encouragement and constructive criticism which have made 

possible to bring out this project work. 

We are very much thankful to Dr. M. Rama Prasad Reddy M.Tech, Ph.D, 

Professor and Head of Department Electrical and Electronics Engineering, for 

his kind support and for providing necessary facilities to carry out the work. 

We wish to convey my special thanks to Dr. C. Srinivasa Rao Ph.D, 

Principal of G.Pullaiah College of Engineering and Technology for giving the 

required information in doing my project work. Not to forget, we thank all other 

faculty and non-teaching staff, and my friends who had directly or indirectly helped 

and supported me in completing my project in time. 

We also express our sincere thanks to Sri G.Pullaiah, Secretary and Sri. 

G.V.M. Mohan Kumar, Chairman of G.Pullaiah College of Engineering and 

Technology for providing excellent facilities. 

Finally, we wish to convey our gratitude to our family who fostered all the 

requirements and facilities that we need.         

 

    Project Associates 

K.Saipriya  (17AT1A0257) 

Sania Sulthana (17AT1A0270) 

G.Sowjanya  (17AT1A0266) 

B.Sridevi Reddy (17AT1A0269) 



ABSTRACT 

 

The IOT industry protection system using Arduino is a system designed to 

protect industries from losses due to accidents using Internet of things. Gas 

leakages may lead to fires leading to huge industrial losses, also instant fire 

detection is needed in case of furnace blasts or other conditions. Also low 

lighting in industries may create improper work conditions increasing the 

probability of accidents.  The system makes use of arduino to achieve this 

functionality. The system makes use of temperature sensing along with light gas 

sensing to detect fire, gas leakage as well as low lighting to avoid any industrial 

accidents and prevent losses.  The system consists of light, gas and temperature 

sensors interfaced with arduino and LCD screen. The sensor data is constantly 

scanned to record values and check for fire, gas leakage or low light and then 

this data is transmitted online.  The wifi module is used to achieve internet 

functionality. The Thing speak/Blynk server then displays this information 

online, to achieve the desired output. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Hardware Specifications: 

 Arduino Uno/Nano 

 LCD Display 

 Wifi Module 

 LDR Sensor 

 LPG CNG Gas Sensor 

 Temperature Sensor LM 35 

 Fire sensor 

 Resistors 

 Capacitors 

 Transistors 

 Cables and Connectors 

 Diodes 

 PCB and Breadboards 

 LED 

 Transformer/Adapter 

 Push Buttons 

 Switch 

 IC 

 IC Sockets 

 



Software Specifications 

 Arduino Compiler 

 MC Programming Language: Embedded C 

 Blynk application 
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CHAPTER 1 

INTRODUCTION 

BLOCK DIAGRAM: 

 

Fig.1. Block diagram of IOT based industrial protection system 

Proposed system: 

• The proposed system is a platform which allows multi-parameters analysis of 

air, gas, sound and temperature. So the proposed system offers better efficient 

and differentiate with existing system .The pollutants when released from 

industries or when fire is detected the system gets activated. When carbon 

dioxide goes above the defined level or threshold value the system gives an 

alarm to the authority. If the authority does not take any actions system 

automatically stops the motors. 

• Whenever the parameters cross the limits the values are updated. These updated 

values can be viewed anywhere and anytime by opening the link given through 

internet. The inputs from sensors given are interfaced with IOT and made 

available online all the time so anyone who has the link can view the condition 

of the parameter. 
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• As the society is growing with various developments, the outmoded forms of 

storing various food products in cold store rooms is failing to satisfy human 

needs. Through the monitoring of the temperature and humidity inside cold 

storage rooms, the goodness of the products can be ensured for a longer time. 

Recent research has revealed that operations of wireless sensor systems are 

largely affected by their on-board temperature. We can implement sensors in 

wide area over the machines and instruments and control and monitor the 

circumstances by using concept of IoT.  

• As we are making use of Internet the system becomes secured and live data 

monitoring is also possible using IoT system. In this paper we have designed a 

gateway which will be the central part of this whole system. The function of the 

gateway is to gather data, process them, upload them and process user control 

information. If the network connection is not established then the data will be 

stored and upon reestablishment of the network it will be uploaded.  

• The terms of "things" in the IoT vision is very broad and includes a variety of 

physical elements. The terms of things include portable personal items such as 

smart phones, tablets and digital cameras. Furthermore, IoT includes elements of 

our environments (be it home, car or office), and things equipped with RFID 

tags connected to a gateway device. From those mentioned so far, a huge 

number of devices and things will be connected to the Internet, each providing 

data and information and some even services. With the rapid increase in the 

number of user of the internet over the pass decades made the internet as the part 

of the life and IoT is the latest and emerging technology.  

 

1.1. EMBEDDED SYSTEMS: 

DEFINITIONS : 

Embedded system is a combination of hardware and software, it is also named as 

“Firm ware”. An embedded system is a special purpose computer system, which is 

completely encapsulated by the device it controls. It is a computer-controlled system. 

An embedded system is a specialized system that is a part of a larger system or 

machine. As a part of a larger system it largely determines its functionality. Embedded 

systems are electronic devices that incorporate microprocessors with in their 
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implementations. The main purpose of the microprocessors are simplify the system 

design and improve flexibility. In the embedded systems, the software is often stored in 

a read only memory (RAM) chip. Embedded systems provide several major functions 

including monitoring of the analog environment by reading data from sensors and 

controlling actuators. 

The general purpose definition of embedded system is that they are devices used 

to control, monitor or assist the operation of equipment, machinery or plant. 

“Embedded” reflects the fact that they are an integral part of the system. All embedded 

systems are including computers or microcontrollers. Some of these computers are 

however very simple systems as compared with a personal computer.  

EXAMPLES OF EMBEDDED SYSTEMS: 

Embedded systems are found in wide range of application areas. Originally they 

were used only for expensive industrial control applications, but as technology brought 

down the cost of dedicated processors, they began to appear in moderately expensive 

applications such as automobiles, communication and office equipments and television 

Today's embedded systems are so inexpensive that they are used in almost every 

electronic product in our life. Embedded systems are often designed for mass 

production. 

Some examples of embedded systems: 

· Automatic Teller Machines 

· Cellular telephone and telephone switches 

· Computer network equipment 

· Computer printers 

· Disk drives 

· Engine controllers and antilock break controllers for automobiles 

· Home automation products 

· Handheld calculators 

· Household appliances 

· Medical equipment 

· Measurement equipment 

· Multifunction wrist watches 

· Multifunction printers 
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1.2. System study: 

FEASIBILITY STUDY: 

           The feasibility of the project is analyzed in this phase and business proposal 

is put forth with a very general plan for the project and some cost estimates. During 

system analysis the feasibility study of the proposed system is to be carried out. This 

is to ensure that the proposed system is not a burden to the company.  For feasibility 

analysis, some understanding of the major requirements for the system is essential. 

Three key considerations involved in the feasibility analysis are  

 ECONOMICAL FEASIBILITY 

 TECHNICAL FEASIBILITY 

 SOCIAL FEASIBILITY 

ECONOMICAL FEASIBILITY: 

  This study is carried out to check the economic impact that the system will 

have on the organization. The amount of fund that the company can pour into the 

research and development of the system is limited. The expenditures must be justified. 

Thus the developed system as well within the budget and this was achieved because 

most of the technologies used are freely available. Only the customized products had to 

be purchased.  

TECHNICAL FEASIBILITY: 

       This study is carried out to check the technical feasibility, that is, the 

technical requirements of the system. Any system developed must not have a high 

demand on the available technical resources. This will lead to high demands on the 

available technical resources. This will lead to high demands being placed on the client. 

The developed system must have a modest requirement, as only minimal or null 

changes are required for implementing this system. 

SOCIAL FEASIBILITY: 

           The aspect of study is to check the level of acceptance of the system by the user. 

This includes the process of training the user to use the system efficiently. The user 

must not feel threatened by the system, instead must accept it as a necessity. The level 

of acceptance by the users solely depends on the methods that are employed to educate 

the user about the system and to make him familiar with it. His level of confidence must 
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be raised so that he is also able to make some constructive criticism, which is 

welcomed, as he is the final user of the system. 

1.3. Literature survey: 

Literature survey is the most important step in Hardware and software development 

process. Before developing the tool it is necessary to determine the time factor, 

economy n company strength. Once these things r satisfied, ten next steps are to 

determine which operating system and language can be used for developing the tool. 

Once the programmers start building the tool the programmers need lot of external 

support. This support can be obtained from senior programmers, from book or from 

websites. Before building the system the above consideration r taken into account for 

developing the proposed system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.blurtit.com/q876299.html
http://www.blurtit.com/q876299.html
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CHAPTER 2 

HARDWARE DESCRIPTION  

 

2.1Arduino Nano: 

Arduino is an open-source prototyping platform based on easy-to-use hardware and 

software. Arduino boards are able to read inputs - light on a sensor, a finger on a button, 

or a Twitter message - and turn it into an output - activating a motor, turning on an 

LED, publishing something online. You can tell your board what to do by sending a set 

of instructions to the microcontroller on the board. It is like the brain of a project. 

Because it is so flexible and open source, Arduino is the best solution if you are 

interested in creating interactive objects or environments no matter you are artists, 

designers or hobbyists. 

One of Seeed Studio’s motto is “Grow the Difference”, which has now become part of 

the culture of the company. This is not just reflected from what we are doing in 

popularizing open source culture, but also from our products. Ever since the company 

funded, we are continuously creating our own open platform to differentiate from the 

existing one. 

 

Fig.2. Arduino nano pin out 
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Arduino is an open-source platform used for building electronics projects. Arduino 

consists of both a physical programmable circuit board (often referred to as 

a microcontroller) and a piece of software, or IDE (Integrated Development 

Environment) that runs on your computer, used to write and upload computer code to 

the physical board. 

The Arduino platform has become quite popular with people just starting out with 

electronics, and for good reason. Unlike most previous programmable circuit boards, the 

Arduino does not need a separate piece of hardware (called a programmer) in order to 

load new code onto the board – you can simply use a USB cable. Additionally, the 

Arduino IDE uses a simplified version of C++, making it easier to learn to program. 

Finally, Arduino provides a standard form factor that breaks out the functions of the 

micro-controller into a more accessible package. 

 

 The micro-USB connector is not soldered to the board very well and is easily 

broken. 

There are multiple versions of this board with different connectors. Refer to the pictures 

for examples. You can increase the strength by re-soldering the connector and possibly 

covering the connector in epoxy glue or hot-melt glue. 

 The 3.3V voltage regulator is a very small, knock-off device. It overheats quickly 

and often has no thermal protection, feeding through its input voltage when it fails. 

It's recommended to power external components with another regulator so that the 

power draw on the Blue Pill does not exceed 100 mA. 

 Analogue power and ground is connected directly to digital power and ground, 

which can cause additional noise on the ADC input. 

 The reset button on some of these boards is very hard to press. 

http://arduino.cc/
http://en.wikipedia.org/wiki/Microcontroller
http://arduino.cc/en/Main/Software
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 There is no dedicated USB reset circuitry on this board. 

 There is no Schottky diode between USB +5V and system VIN power. So you 

cannot power the board directly from a 5 Volt supply, and use USB at the same 

time. 

 Microcontroller:- most of the arduino board makes use of Atmel AVR. 

Microcontroller is the place where all your codes stored and executed.Micro 

controller used in most coomonly used arduino UNO is the ATmega328p. 

Pins:- these pins are used to make connections with sensors and module.Common pins 

on arduino boards are 5V, 3.3V, GND, Digital, PWM, Analog, AREF. 

 Power supply and USB:- USB is used to upload the code onto your arduino 

board along with it you can power your arduino board via USB but it might not 

be always handy to power your arduino with USB in that case you can use barrel 

jack which is provided for power supply.A power supply anywhere between 6-

12 volt will be good to power your arduino. 

 (Note:-Do Not use a power supply greater than 20 volt which might overpower 

your arduino and destroy it.)         

 Reset button:- this button is used to restart your arduino and make it to run the 

code from the beginning.          

 Power LED indicator:- on the arduino board you will find a LED just next to 

'ON' this LED glows when you connect your arduino to a power supply.If this 

LED does not glow either there is problem in the board or you have not 

connected the arduino board with power supply properly. 

 RX and TX LED:- first of all RX and TX is short term for receive and transmit 

respectively.When ever there is data transfer while uploading code or 

communicating with bluetooth module etc these LED glow. 

 Voltage regulator:- this controls the amount of voltage which is let into arduino 

by turning away extra voltage which may dame our board.This regulator also 

has a limit so Do Not burn up arduino by supplying power more than 20 volts.  

 So now that we know what is an arduino and what are its essential components 

now I will guide you through some of the most popular arduino available to us. 

1):- 25g Arduino UNO:- is the most popular and most used arduino.Cost:-$22 

(Whichis  about1, 560 Indian rupees)  
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Microcontroller:- ATmega328pWeight For more details click here. 

2) Arduino NANO:- the main feature of this board is its size ,it is very small 

when compared to an arduino UNO but it is capable of doing most of the thing 

which any other Arduino board can do.  3) Arduino Mega 2560 Rev3:- This 

board is used for more complex projects as it has 54 digital pins and 16 analog 

pins.  

 Arduino clones 

 There are many clone version of arduino which are way cheaper than the 

original board.I would recommend a clone arduino for beginners as it serves the 

same purpose but at lower cost.Once you are familiar with it you can go for 

original made in Italy arduino boards. 

 

`The Arduino Nano is a small, complete, and breadboard-friendly board based on the 

ATmega328 (Arduino Nano 3.0) or ATmega168 (Arduino Nano 2.x). It has more or 

less the same functionality of the Arduino Duemilanove, but in a different package. It 

lacks only a DC power jack, and works with a Mini-B USB cable instead of a standard 

one. The Nano was designed and is being produced by Gravitech. The Nano 328 is a 

small, complete, and breadboard-friendly board based on the ATmega328 (Arduino 

https://store.arduino.cc/usa/arduino-uno-rev3
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Nano 3.0) or ATmega168 (Arduino Nano 2.x). It lacks only a DC power jack, and 

works with a Mini-B USB cable instead of a standard one. 

 Arduino is an open-source hardware and software company, project and user 

community that designs and manufactures single- board microcontrollers 

 and microcontroller  kits for building digital devices and interactive objects that can 

sense and control both physically and digitally. Its products are licensed under the GNU 

Lesser General Public License (LGPL) or the  GNU General Public License(GPL),[1] 

 permitting the manufacture of Arduino boards and software distribution by anyone. 

Arduino boards are available commercially in preassembled form or as do-it-

yourself (DIY) kits. 

 

Arduino board designs use a variety of microprocessors and controllers. The boards are 

equipped with sets of digital and analog input/output (I/O) pins that may be interfaced to 

various expansion boards or breadboards (shields) and other circuits. The boards feature 

serial communications interfaces, including Universal Serial Bus (USB) on some 

models, which are also used for loading programs from personal computers. The 

microcontrollers are typically programmed using a dialect of features from the 

programming languages C and C++. In addition to using traditional compiler tool 

https://en.wikipedia.org/wiki/Open-source_hardware
https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/Single-board_microcontroller
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/GNU_Lesser_General_Public_License
https://en.wikipedia.org/wiki/GNU_Lesser_General_Public_License
https://en.wikipedia.org/wiki/GNU_General_Public_License
https://en.wikipedia.org/wiki/Arduino#cite_note-1
https://en.wikipedia.org/wiki/Do-it-yourself
https://en.wikipedia.org/wiki/Do-it-yourself
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Breadboards
https://en.wikipedia.org/wiki/Universal_Serial_Bus
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C%2B%2B
https://en.wikipedia.org/wiki/Compiler
https://en.wikipedia.org/wiki/Toolchains
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chains, the Arduino project provides an integrated development environment (IDE) 

based on the Processing language project. 

The name Arduino comes from a bar in Ivrea, Italy, where some of the founders of the 

project used to meet. The bar was named after Arduin of Ivrea, who was 

the margrave of the March of Ivrea and King of Italy from 1002 to 1014 

 

 

 

Arduino Nano 2.3 (ATmega168): manual (pdf), Eagle files. Note: since the free version 

of Eagle does not handle more than 2 layers, and this version of the Nano is 4 layers, it 

is published here unrouted, so users can open and use it in the free version of Eagle. The 

Xduino Nano is a surface mount breadboard compatible version of the ever-popular 

Arduino micro controller. It's small, with integrated on-board USB, and is breadboard 

friendly. As the function, It has almost all the analog and digital pins that the UNO or 

Duemilanove has and the same function as Duemilanove or UNO. With the smaller and 

portable package, Xduino Nano would be more friendly and convenient for users to 

enter the Arduino world and make use of Arduino to make their dream . 

Specifications: 

Microcontroller Atmel ATmega168 or ATmega328 

Operating Voltage: (logic level) 5 V 

Input Voltage: (recommended) 7-12 V 

Input Voltage: (limits) 6-20 V 

Digital I/O Pins: 14 (of which 6 provide PWM output) 

https://en.wikipedia.org/wiki/Toolchains
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Processing_(programming_language)
https://en.wikipedia.org/wiki/Ivrea
https://en.wikipedia.org/wiki/Arduin_of_Ivrea
https://en.wikipedia.org/wiki/Margrave
https://en.wikipedia.org/wiki/March_of_Ivrea
https://en.wikipedia.org/wiki/King_of_Italy
http://arduino.cc/en/uploads/Main/ArduinoNanoManual23.pdf
http://gravitech.us/Arduino/Arduino_Nano_V2_3_Eagle.zip
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Analog Input Pins: 8 

DC Current per I/O Pin: 40 mA 

Flash Memory: 16 KB (ATmega168) or 32 KB (ATmega328) of which 2 KB used by 

boot loader 

SRAM: 1 KB (ATmega168) or 2 KB (ATmega328) 

EEPROM: 512 bytes (ATmega168) or 1 KB (ATmega328) 

Clock Speed: 16 MHz 

Dimensions: 0.73" x 1.70" 

Features 

1. Power OK blue LED, RST red LED for reset the Nano. 

2. Green (TX), red (RX) and orange (L) LED 

3. Upgraded 5V voltage sourcing, more powerful drive capability. 

4. Mini-B USB for programming and serial monitor, TX&RX breakout for 

application as USB-UART convertor. 

5.  Surface-Mount ICSP header 

6.  Standard 0.1” spacing DIP (Breadboard Friendly) 

7. Power OK red LED, Green (TX), green (RX) and green (L) LED 

8. Upgraded 5V voltage sourcing, more powerful drive capability 

9. Mini-B USB for programming and serial monitor, TX&RX breakout for 

application as USB-UART convertor 

10. Surface-Mount ICSP header Standard 2.54mm spacing DIP (breadboard 

friendly) 
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Item Min Typical Max Unit 

Microcontroller Atmega328&Atmega168 / 

Operating Voltage (logic level) 4.5 5.0 5.5 VDC 

Input Voltage(Recommended) 7 9 12 V 

Digital I/O Pins 14(Of which 6 provide PWM Output) / 

Analog Input Pins 8 / 

DC Current per I/O Pin 40 mA 

Flash Memory 32KB(Atmega328);16KB(Atmefa168) / 

SRAM 2 KB 

EEPROM 1 KB 

Clock Speed 16 MHz 

Dimensions 7.0x 17.0 mm 

Weight 
 

g 

Usage 

1.Atmega328, with more flash and ram memory. 

2. A RST LED added to show user the RST state; While all the package of LEDs 

upgraded. 

3.A0-A7 pins compatible with Arduino Stamp and Pro Mini. 

4. Upgrade of Power supply circuit with AMS117 Power 

The Xduino Nano can be powered via the mini-B USB connection or 6-20V 

unregulated external power supply (pin 30), or 5V regulated external power supply (pin 

27). The power source is automatically selected to the highest voltage source. Also the 

Xduino Nano upgraded the power source circuit with a new IC AM117. This IC can 

supply a larger current than the previous IC 78M05 used in Arduino Nano, with this IC, 

the Xduino Nano can be compatible for more modules that may needs a larger current 

such as the GPRS module. The Arduino Nano can be powered via the Mini-B USB 

connection, 6-20V unregulated external power supply (pin 30), or 5V regulated external 

power supply (pin 27). The power source is automatically selected to the highest voltage 

source. The Arduino Nano can be powered via the Mini-B USB connection, 6-20V 
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unregulated external power supply (pin 30), or 5V regulated external power supply (pin 

27). The power source is automatically selected to the highest voltage source. 

The FTDI FT232RL chip on the Nano is only powered if the board is being powered 

over USB. As a result, when running on external (non-USB) power, the 3.3V output 

(which is supplied by the FTDI chip) is not available and the RX and TX LEDs will 

flicker if digital pins 0 or 1 are high. 

Memory: 

The ATmega168 has 16 KB of flash memory for storing code (of which 2 KB is used 

for the bootloader); the ATmega328 has 32 KB, (also with 2 KB used for the 

bootloader). The ATmega168 has 1 KB of SRAM and 512 bytes of EEPROM (which 

can be read and written with the EEPROM library); the ATmega328 has 2 KB of 

SRAM and 1 KB of EEPROM. The ATmega328 has 32 KB, (also with 2 KB used for 

the bootloader) and has 2 KB of SRAM and 1 KB of EEPROM.  

Input and Output: 

Each of the 14 digital pins on the Nano can be used as digital input or output, using 

pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin 

can provide or receive a maximum of 40 mA and has an internal pull-up resistor 

(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized 

functions:  

Serial: 0(RX) and 1 (TX). Can be used to receive (RX) and transmit (TX) TTL serial 

data. These pins are connected to the corresponding pins of the FTDI USB-to-TTL 

Serial chip. 

External Interrupts: 2 and 3.These pins can be configured to trigger an interrupt on a 

low value, a rising or falling edge, or a change in value. 

PWM : 3, 5, 6, 9, 10, and 11.Provide 8-bit PWM output with the analogWrite() 

function.  

SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication. 

LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH 

value, the LED is on, when the pin is LOW, it's off. This LED can be used as an 

indicator when in the first step of Aduino Nano. 
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The Nano has 8 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 

different values). By default they measure from ground to 5 volts, it is also possible to 

change the upper end of their range using the analog Reference() function. Additionally, 

some pins have specialized functionality:  

Programming: 

Each of the 14 digital pins on the Nano can be used as an input or output, using 

pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin 

can provide or receive a maximum of 40 mA and has an internal pull-up resistor 

(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized 

functions: Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL 

serial data. These pins are connected to the corresponding pins of the FTDI USB-to-

TTL Serial chip. External Interrupts: 2 and 3. These pins can be configured to trigger an 

interrupt on a low value, a rising or falling edge, or a change in value. See the 

attachInterrupt() function for details. 

PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analog Write() 

function. 

SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication, which, although provided by the underlying hardware, is not currently 

included in the Arduino language. 

LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH 

value, the LED is on, when the pin is LOW, it's off. The Arduino Nano can be 

programmed with the Arduino software (download). Select "Arduino Diecimila, 

Duemilanove, or Nano w/ ATmega168" or "Arduino Duemilanove or Nano w/ 

ATmega328" from the Tools > Board menu (according to the microcontroller on your 

board). For details, see the reference and tutorials. 

You can also bypass the boot loader and program the microcontroller through the ICSP 

(In-Circuit Serial Programming) header; see these instructions for details. 

The Nano has 8 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 

different values). By default they measure from ground to 5 volts, though is it possible 
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to change the upper end of their range using the analog Reference() function. 

Additionally, some pins have specialized functionality: 

 I2C: 4 (SDA) and 5 (SCL). Support I2C (TWI) communication using the Wire 

library (documentation on the Wiring website). 

There are a couple of other pins on the board: 

 AREF. Reference voltage for the analog inputs. Used with analogReference(). 

 Reset. Bring this line LOW to reset the microcontroller. Typically used to add a 

reset button to shields which block the one on the board. 

TX& RX Pins other Usage: 

The Elecrom Arduino also breakout the TX&RX pins of FTDI IC, this makes the Nano 

can working as a normal USB-UART convertor. If you needs a USB-UART convertor 

in your application, for example, you want to connect your zigbee module to PC via the 

USB connector, you can connect the TX pin of Zigbee to the TXD breakout hole and 

connect the RX pin of zigbee to RXD breakout hole. In this way, the FTDI IC on 

Elecrom Arduino Nano converts the USB signal to UART signal, the zigbee can 

communicate with the PC.  

Microcontroller:- most of the arduino board makes use of Atmel AVR. 

Microcontroller is the place where all your codes stored and executed.Microcontroller 

used in most coomonly used arduino UNO is the ATmega328p. 

Pins:- these pins are used to make connections with sensors and module.Common pins 

on arduino boards are 5V, 3.3V, GND, Digital, PWM, Analog, AREF. 

Power supply and USB:- USB is used to upload the code onto your arduino board along 

with it you can power your arduino board via USB but it might not be always handy to 

power your arduino with USB in that case you can use barrel jack which is provided for 

power supply. A power supply anywhere between 6-12 volt will be good to power your 

arduino. 

(Note:-Do Not use a power supply greater than 20 volt which might overpower your 

arduino and destroy it.) 
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Reset button:- this button is used to restart your arduino and make it to run the code 

from the beginning. 

Power LED indicator:- on the arduino board you will find a LED just next to 'ON' 

this LED glows when you connect your arduino to a power supply. If this LED does not 

glow either there is problem in the board or you have not connected the arduino board 

with power supply properly. 

RX and TX LED:- first of all RX and TX is short term for receive and transmit 

respectively. When ever there is data transfer while uploading code or communicating 

with bluetooth module etc these LED glow. 

Voltage regulator:- this controls the amount of voltage which is let into arduino by 

turning away extra voltage which may dame our board.This regulator also has a limit so 

Do Not burn up arduino by supplying power more than 20 volts.  

Communication: 

The Arduino Nano has a number of facilities for communicating with a computer, 

another Arduino, or other microcontrollers. The ATmega168 and ATmega328 provide 

UART TTL (5V) serial communication, which is available on digital pins 0 (RX) and 1 

(TX). An FTDI FT232RL on the board channels this serial communication over USB 

and the FTDI drivers (included with the Arduino software) provide a virtual com port to 

software on the computer.  

Automatic (Software) Reset: 

Rather then requiring a physical press of the reset button before an upload, the Arduino 

Nano is designed in a way that allows it to be reset by software running on a connected 

computer. One of the hardware flow control lines (DTR) of the FT232RL is connected 

to the reset line of the ATmega168 or ATmega328 via a 100 nanofarad capacitor. When 

this line is asserted (taken low), the reset line drops long enough to reset the chip. The 

Arduino software uses this capability to allow you to upload code by simply pressing 

the upload button in the Arduino environment. This means that the bootloader can have 

a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the 

upload. 
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Arduino Nano 3.0:  

Arduino Nano As its name, Arduino Nano is a compact and breadboard-friendly 

version board based on ATmega328 processor. It is more or less same functionality 

as the Arduino UNO but in different package. Instead of using the standard USB to 

connect to the computer, it uses the mini usb but without the power plug for 

external power source that built on Arduino UNO. The dimension of Arduino 

Nano is only 43mm x 18mm, it comes with 6 PWM I/O from the total of 14 

digitals I/O, 8 analog inputs, 16Mhz clock speed and 32kB of flash memory. 

Power (USB / Barrel Jack) 

Every Arduino board needs a way to be connected to a power source. The Arduino 

UNO can be powered from a USB cable coming from your computer or a wall power 

supply (like this) that is terminated in a barrel jack. In the picture above the USB 

connection is labeled (1) and the barrel jack is labeled (2). 

The USB connection is also how you will load code onto your Arduino board. More on 

how to program with Arduino can be found in our Installing and Programming 

Arduino tutorial. 

NOTE: Do NOT use a power supply greater than 20 Volts as you will overpower (and 

thereby destroy) your Arduino. The recommended voltage for most Arduino models is 

between 6 and 12 Volts. 

Pins (5V, 3.3V, GND, Analog, Digital, PWM, AREF) 

The pins on your Arduino are the places where you connect wires to construct a circuit 

(probably in conjuction with a breadboard and some wire. They usually have black 

plastic ‘headers’ that allow you to just plug a wire right into the board. The Arduino has 

several different kinds of pins, each of which is labeled on the board and used for 

different functions. 

 GND (3): Short for ‘Ground’. There are several GND pins on the Arduino, any 

of which can be used to ground your circuit. 

 5V (4) & 3.3V (5): As you might guess, the 5V pin supplies 5 volts of power, 

and the 3.3V pin supplies 3.3 volts of power. Most of the simple components 

used with the Arduino run happily off of 5 or 3.3 volts. 

https://www.sparkfun.com/products/8269
https://learn.sparkfun.com/tutorials/installing-arduino-ide
https://learn.sparkfun.com/tutorials/installing-arduino-ide
https://learn.sparkfun.com/tutorials/how-to-use-a-breadboard/
https://learn.sparkfun.com/tutorials/working-with-wire
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 Analog (6): The area of pins under the ‘Analog In’ label (A0 through A5 on the 

UNO) are Analog In pins. These pins can read the signal from an analog sensor 

(like a temperature sensor) and convert it into a digital value that we can read. 

 Digital (7): Across from the analog pins are the digital pins (0 through 13 on the 

UNO). These pins can be used for both digital input (like telling if a button is 

pushed) and digital output (like powering an LED). 

 PWM (8): You may have noticed the tilde (~) next to some of the digital pins 

(3, 5, 6, 9, 10, and 11 on the UNO). These pins act as normal digital pins, but 

can also be used for something called Pulse-Width Modulation (PWM). We 

have a tutorial on PWM, but for now, think of these pins as being able to 

simulate analog output (like fading an LED in and out). 

 AREF (9): Stands for Analog Reference. Most of the time you can leave this pin 

alone. It is sometimes used to set an external reference voltage (between 0 and 5 

Volts) as the upper limit for the analog input pins. 

Power LED Indicator: 

Just beneath and to the right of the word “UNO” on your circuit board, there’s a tiny 

LED next to the word ‘ON’ (11). This LED should light up whenever you plug your 

Arduino into a power source. If this light doesn’t turn on, there’s a good chance 

something is wrong. Time to re-check your circuit! 

TX RX LEDs: 

TX is short for transmit, RX is short for receive. These markings appear quite a bit in 

electronics to indicate the pins responsible for serial communication. In our case, there 

are two places on the Arduino UNO where TX and RX appear – once by digital pins 0 

and 1, and a second time next to the TX and RX indicator LEDs (12). These LEDs will 

give us some nice visual indications whenever our Arduino is receiving or transmitting 

data (like when we’re loading a new program onto the board). 

Main IC: 

The black thing with all the metal legs is an IC, or Integrated Circuit (13). Think of it as 

the brains of our Arduino. The main IC on the Arduino is slightly different from board 

type to board type, but is usually from the ATmega line of IC’s from the ATMEL 

https://www.sparkfun.com/products/10988
https://learn.sparkfun.com/tutorials/pulse-width-modulation
https://learn.sparkfun.com/tutorials/serial-communication
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company. This can be important, as you may need to know the IC type (along with your 

board type) before loading up a new program from the Arduino software. This 

information can usually be found in writing on the top side of the IC. If you want to 

know more about the difference between various IC’s, reading the datasheets is often a 

good idea. 

2.2. ESP01: 

The ESP-01 ESP8266 Serial WIFI Wireless Transceiver Module is a self-contained 

SOC with integrated TCP/IP protocol stack that can give any microcontroller access to 

your WiFi network. The ESP8266 is capable of either hosting an application or 

offloading all Wi-Fi networking functions from another application processor. Each 

ESP8266 module comes pre-programmed with an AT command set firmware, meaning, 

you can simply hook this up to your Arduino device and get about as much WiFi-ability 

as a WiFi Shield offers (and that’s just out of the box)! The ESP8266 module is an 

extremely cost-effective board with a huge, and ever growing, community. 

 

Fig.3.ESP01 wifi module 

This module has a powerful enough onboard processing and storage capability that 

allows it to be integrated with the sensors and other application specific devices through 

its GPIOs with minimal development up-front and minimal loading during runtime. Its 

high degree of on-chip integration allows for minimal external circuitry, including the 

front-end module, is designed to occupy minimal PCB area. The ESP8266 supports 

APSD for VoIP applications and Bluetooth co-existing interfaces, it contains a self-

calibrated RF allowing it to work under all operating conditions and requires no external 

RF parts. 
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Connecting the Hardware to Your ESP8266 We can either use a USB-to-TTL converter 

or use an Arduino to program the ESP8266. Here are three methods you can follow to 

upload the code to ESP8266 — select the one that suits you best. Refer to the following 

diagrams for each and set up the hardware accordingly. 
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Pins are arranged in two rows, having 4 on each row. Some models have pin description 

on the PCB, which make it simple. On the top row you can find following pins from the 

left to the right: 

1. GND (Ground from power supply) 

2. GPIO2 (Digital I/O programmable) 

3. GPIO0 (Digital I/O programmable, also used for BOOT modes) 

4. RX – UART Receiving channel 

On the bottom (second row) you can find: 

1. TX – UART Transmitting channel 

2. CH_PD (enable/power down, must be pulled to 3.3v directly or via resistor) 

3. REST – reset, must be pulled to 3.3v) 

4. VCC -3.3v power supply 

Power supply and current consumption 

All esp8266 arduino compatible modules must be powered with DC current from any 

kind of source that can deliver stable 3.3V and at least 250mA. Also logic signal is rated 

at 3.3v and the RX channel should be protected by a 3.3v divisor step-down. You 

should be careful when using this module with Arduino or other boards which supplies 

5v, because this module usually do not come with overpower protection and can be 

easily destroyed. 

Few basic AT commands examples: AT – response OK 

AT+CWLAP – list nearby available WiFi networks 

AT+GMR – check the firmware version 

AT+CWJAP=” <access_point_name>”,”<password>” – join WiFi network using 

credentials 

AT+CIFSR – get current allocated IP address 

In order to be able to talk with the ESP8266 arduino compatible module, you need to 

choose a way to connect it with your computer. You can communicate with the module 

via standard Serial communication RS232 by using an Arduino board as a proxy/bridge. 
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2.3. LM35 Temperature Sensor: 

 
Fig.4 LM95 Temperature sensor 

Pin Configuration: 

Pin 

Number 

Pin 

Name 

Description 

1 Vcc Input voltage is +5V for typical applications 

2 Analog 

Out 

There will be increase in 10mV for raise of every 1°C. Can 

range from -1V(-55°C) to 6V(150°C) 

3 Ground Connected to ground of circuit 

 

LM35 Regulator Features: 

 Minimum and Maximum Input Voltage is 35V and -2V respectively. Typically 5V. 

 Can measure temperature ranging from -55°C to 150°C  

 Output voltage is directly proportional (Linear) to temperature (i.e.) there will be a rise 

of 10mV (0.01V) for every 1°C rise in temperature. 

 ±0.5°C  Accuracy 

 Drain current is less than 60uA   

 Low cost temperature sensor 

 Small and hence suitable for remote applications 

 Available in TO-92, TO-220, TO-CAN and SOIC package 
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LM35 Temperature Sensor Applications: 

 Measuring temperature of a particular environment 

 Providing thermal shutdown for a circuit/component 

 Monitoring Battery Temperature 

 Measuring Temperatures for HVAC applications.  

Steps to calculate temperature using LM35 temperature sensor 
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 Build circuit. 

 Power LM35 vcc to +5-20 volts 

and gnd to ground. 

 Connect Vout to analog to digital 

converter input. 

 Sample the ADC reading, vout 

output voltage. 

 Convert the voltage to 

temperature.  

Formula to convert voltage to 

temperature 

The formula to convert the voltage to 

centigrade temperature for LM35 is  

Centigrade Temperature = Voltage 

Read by ADC / 10 mV(mills Volt)  

I divided by 10 mV because Linear 

scale factor is for LM35 is 10mV. 

Following the above steps and tutorial, you can easily interface LM35 temperature 

sensor with any microcontroller that has a built-in analog to digital converter pins. 

Almost all the microcontrollers today have built-in ADC.  

2.4. LIGHT DEPENDENT RESISTOR (LDR): 

LDR or Light Dependent Resistors are very useful especially in light/dark sensor 

circuits. Normally the resistance of an LDR is very high, sometimes as high as 1000000 

ohms, but when they are illuminated with light resistance drops dramatically. Electronic 

onto sensors are the devices that alter their electrical characteristics, in the presences of 

visible or invisible light. The best-known devices of this type are the light dependent 

resistor (LDR), the photo diode and the phototransistors. Light dependent resistor as the 

name suggests depends on light for the variation. 

 When light falls on the strip, the resistance decreases. In the absence of light the 

resistance can be in the order of 10 K ohm to 15 K ohm and is called the dark 

resistance. Depending on the exposure of light the resistance can fall down to 

value of 500 ohms. The power ratings are usually smaller and are in the range 50 

mw to 0.5 w. Though very sensitive to light, the switching time is very high and 

hence cannot be used for high frequency applications. They are used in chopper 

amplifiers 

 

Fig : LDR    Fig:5 Symbol for LDR 

 



IOT INDUSTRY PROTECTION SYSTEM USING ARDUINO 
 

Department of EEE Page 26 
 

The basic construction and symbol for LDR are shown in above figures respectively. 

The device consists of a pair of metal film contacts separated by a snakelike track of 

cadmium sulphide film, designed to provide the maximum possible contact area with 

the two metal films. The structure is housed in a clear plastic or resin case, to provide 

free access to external light. Practical LDR are available in variety of sizes and 

packages styles, the most popular size having a face diameter of roughly 10 mm. 

practical LDR and its characteristic graph is shown in below figure. 

 

Fig.6 LDR and its characteristic graph 

 

2.5. MQ2 Gas Sensor: 

Sensors are the electronic devices used for interaction with the outer environment. 

There are various types of sensors available that can detect light, noise, smoke, 

proximity etc… With the advent in technology, these are available as both analog and 

digital forms. Besides forming a communication with the outer environment, sensors are 

also a crucial part of safety systems. Fire sensors are used to detect the fire and take 

appropriate precautions on time. For smooth functioning of control systems and 

sensitive electronics, humidity sensors are used for maintaining humidity in the unit. 

One of such sensor used in safety systems to detect harmful gases is MQ2 Gas sensor. 

MQ2 gas sensor is an electronic sensor used for sensing the concentration of gases in 

the air such as LPG, propane, methane, hydrogen, alcohol, smoke and carbon monoxide. 

https://www.elprocus.com/types-of-sensors-with-circuits/
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MQ2 gas sensor is also known as chemiresistor. It contains a sensing material whose 

resistance changes when it comes in contact with the gas. This change in the value of 

resistance is used for the detection of gas. 

 

 Fig. 7.MQ2 Gas Sensor 

Working Principle: 

This sensor contains a sensing element, mainly aluminium-oxide based ceramic, coated 

with Tin dioxide, enclosed in a stainless steel mesh. Sensing element has six connecting 

legs attached to it. Two leads are responsible for heating the sensing element, the other 

four are used for output signals. Oxygen gets adsorbed on the surface of sensing 

material when it is heated in air at high temperature. Then donor electrons present in tin 

oxide are attracted towards this oxygen, thus preventing the current flow. When 

reducing gases are present, these oxygen atoms react with the reducing gases thereby 

decreasing the surface density of the adsorbed oxygen. Now current can flow through 

the sensor, which generated analog voltage values. These voltage values are measured 

to know the concentration of gas. Voltage values are higher when the concentration of 

gas is high. 

2.5. Flame sensor: 

A sensor which is most sensitive to a normal light is known as a flame sensor. That’s 

why this sensor module is used in flame alarms. This sensor detects flame otherwise 

wavelength within the range of 760 nm – 1100 nm from the light source. This sensor 

can be easily damaged to high temperature. So this sensor can be placed at a certain 

distance from the flame. The flame detection can be done from a 100cm distance and 

the detection angle will be 600. The output of this sensor is an analog signal or digital 

signal. These sensors are used in fire fighting robots like as a flame alarm. 

https://www.elprocus.com/accelerometer-sensor-working-and-applications/


IOT INDUSTRY PROTECTION SYSTEM USING ARDUINO 
 

Department of EEE Page 28 
 

Working Principle: 

This sensor/detector can be built with an electronic circuit using a receiver like 

electromagnetic radiation. This sensor uses the infrared flame flash method, which 

allows the sensor to work through a coating of oil, dust, water vapor, otherwise ice. 

Flame Sensor Module: 

The pin configuration of this sensor is shown below. It includes four pins which include 

the following. When this module works with a microcontroller unit then the pins are 

 

Fig.8.flame-sensor 

 Pin1 (VCC pin): Voltage supply rages from 3.3V to 5.3V 

 Pin2 (GND): This is a ground pin 

 Pin3 (AOUT): This is an analog output pin (MCU.IO) 

 Pin4 (DOUT): This is a digital output pin (MCU.IO) 

Different Types 

Flame-sensors are classified into four types 

 IR single frequency 

 IR multi-spectrum 

 UV flame detectors 

 UV/ IR flame detectors 

Features & Specifications 

The features of this sensor include the following. 

Photosensitivity is high 

 Response time is fast 

 Simple to use 

 Sensitivity is adjustable 

 Detection angle is 600, 

 It is responsive to the flame range. 

https://www.elprocus.com/top-10-simple-electronic-circuits-for-beginners/


IOT INDUSTRY PROTECTION SYSTEM USING ARDUINO 
 

Department of EEE Page 29 
 

 Accuracy can be adjustable 

 Operating voltage of this sensor is 3.3V to 5V 

Applications: 

These sensors are used in several dangerous situations which include the following. 

 Hydrogen stations 

 Industrial heating 

 Fire detection 

 Fire alarm 

 Fire fighting robot 

 Drying systems 

A flame detector is a sensor designed to detect and respond to the presence of 

a flame or fire, allowing flame detection. Responses to a detected flame depend on the 

installation, but can include sounding an alarm, deactivating a fuel line (such as 

a propane or a natural gas line), and activating a fire suppression system. When used in 

applications such as industrial furnaces, their role is to provide confirmation that the 

furnace is working properly; it can be used to turn off the ignition system though in 

many cases they take no direct action beyond notifying the operator or control system. 

A flame detector can often respond faster and more accurately than a smoke or heat 

detector due to the mechanisms it uses to detect the flame. 

2.7. Buzzer: 

A buzzer or beeper is an audio signaling device, which may be mechanical, 

 electromechanical, or piezoelectric (piezo for short). Typical uses of buzzers and 

beepers include alarm devices, timers, and confirmation of user input such as a mouse 

click or keystroke. 

https://www.elprocus.com/fire-alarm-circuit-using-thermistor/
https://www.elprocus.com/projects-on-fire-fighting-robotic-vehicle/
https://en.wikipedia.org/wiki/Sensor
https://en.wikipedia.org/wiki/Flame
https://en.wikipedia.org/wiki/Fire
https://en.wikipedia.org/wiki/Propane
https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Smoke_detector
https://en.wikipedia.org/wiki/Heat_detector
https://en.wikipedia.org/wiki/Heat_detector
https://en.wikipedia.org/wiki/Sound
https://en.wikipedia.org/wiki/Machine
https://en.wikipedia.org/wiki/Electromechanics
https://en.wikipedia.org/wiki/Piezoelectricity
https://en.wikipedia.org/wiki/Alarm_devices
https://en.wikipedia.org/wiki/Timer
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2.8. LIGHT EMITTING DIODE (LED): 

LED's are special diodes that emit light when connected in a circuit. They are frequently 

used as "pilot" lights in electronic appliances to indicate whether the circuit is closed or 

not. A clear (or often colored) epoxy case enclosed the heart of an LED, the semi-

conductor chip. 

 

Figure:9  LED View 



IOT INDUSTRY PROTECTION SYSTEM USING ARDUINO 
 

Department of EEE Page 31 
 

 

Figure:10. LED Symbol 

LED’s must be connected the correct way round, the diagram may be labeled a or + for 

anode and k or - for cathode. The negative side of an LED lead is indicated in two ways: 

 

Figure:11 LED Internal View 

1) By the flat side of the bulb. 

2) By the shorter of the two wires extending from the LED. 

If you can see inside the LED the cathode is the larger electrode (but this is not an 

official identification method). The negative lead should be connected to the negative 

terminal of a battery. LED's operate at relative low voltages between about 1 and 4 

volts, and draw currents between about 10 and 40 mille amperes.  

2.9.Resistor: 

Resistance R is the amount of opposition to the flow of electrical current. The higher the 

resistance, the more difficult it is for current to flow. The lower the resistance, the easier 

it is for current to flow. Resistance is measured in units called ohms, named after 

German scientist and mathematician Georg Simon Ohm. 
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Types of Resistors: 

There are many thousands of different Types of Resistors and are produced in a 

variety of forms because their particular characteristics and accuracy suit certain 

areas of application, such as High Stability, High Voltage, High Current etc., or are 

used as general purpose resistors where their characteristics are less of a problem. 

All modern fixed value resistors can be classified into four broad groups, 

     Carbon Composition Resistor - Made of carbon dust or graphite paste, low wattage   

     values. 

Film or Cermet Resistor - Made from conductive metal oxide paste, very low 

wattage values. Wire-wound Resistor - Metallic bodies for heat sink mounting, 

very high wattage ratings.. 

Application: 

Resistors are used with transducers to make sensor subsystems. Transducers are 

electronic components which convert energy from one form into another, where one of 

the forms of energy is electrical. Microphones and switches are input transducers. 

Output transducers include loudspeakers, filament lamps and LEDs. 

In other circuits, resistors are used to direct current flow to particular parts of the circuit, 

or may be used to determine the voltage gain of an amplifier. Resistors are used with 

capacitors to introduce time delays. 

Most electronic circuits require resistors to make them work properly and it is obviously 

important to find out something about the different types of resistor available, and to be 

able to choose the correct resistor value, in , , or M , for a particular 

application. 
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Fig:-12. Color Coding of Resistor 

1. On most resistors, you'll see there are three rainbow-colored bands, then a space, 

then a fourth band colored brown, red, gold, or silver. 

2. Turn the resistor so the three rainbow bands are on the left. 

3. The final band is called the tolerance and it tells you how accurate the resistance 

value you've just figured out is likely to be. If you have a final band colored 

gold, it means the resistance is accurate to within plus or minus 5 percent. So 

while the officially stated resistance is 1000 ohms, in practice, the real resistance 

is likely to be anywhere between 950 and 1050 ohms. 

2.10.LIQUID CRYSTAL DISPLAY (LCD): 

 

Figure:13  Liquid Crystal Display 

· Vcc, at pin 16 controls the background contrast. 

· Vcc, at pin 2 controls the display contrast. 

· Pin 7 - 14 gets input data. 
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· Pin 1 and pin 3 controls the brightness of the display. 

· Pin 5, gets a read/write signal. 

· Pin 6, enable signal. 

· Pin 4, data register select. 

 

LCD Pins: 

Table Pin Assignment: 

Description: 

This is the first interfacing example for the Parallel Port. We will start with something 

simple. This example doesn't use the Bi-directional feature found on newer ports, thus it 

should work with most, if no all Parallel Ports. It however doesn't show the use of the 

Status Port as an input. So what are we interfacing? A 16 Character x 2 Line LCD 

Module to the Parallel Port. These LCD Modules are very common these days, and are 

quite simple to work with, as all the logic required running them is on board. 

2.11. Jumper Wires: 

 

A jump wire (also known as jumper, jumper wire, jumper cable, DuPont wire, or 

DuPont cable – named for one manufacturer of them) is an electrical wire, or group of 

them in a cable, with a connector or pin at each end (or sometimes without them – 

https://en.wikipedia.org/wiki/DuPont
https://en.wikipedia.org/wiki/Electrical_wire
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simply "tinned"), which is normally used to interconnect the components of 

a breadboard or other prototype or test circuit, internally or with other equipment or 

components, without soldering. 

Types: 

 Male to Male 

 Female to Male 

 Female to Female 

2.12. Voltage Regulator: 

The voltage regulator (14) is not actually something you can (or should) interact with on 

the Arduino. But it is potentially useful to know that it is there and what it’s for. The 

voltage regulator does exactly what it says – it controls the amount of voltage that is let 

into the Arduino board. Think of it as a kind of gatekeeper; it will turn away an extra 

voltage that might harm the circuit. Of course, it has its limits, so don’t hook up your 

Arduino to anything greater than 20 volts. 

sensors - things that can measure light, temperature, degree of 

flex, pressure, proximity, acceleration, carbon 

monoxide, radioactivity, humidity, barometric pressure, you name it, you can sense it! 

Prepare the kernel for USB connection: 

The arduino boards will be connected via USB to the computer. With this connection it 

is possible to write binaries to the atmega microprocessor and get debug messages from 

the board during run mode. Different boards have different USB interface chips. In case 

you prefer to use ICSP programming with an external adapter you don't need this for 

programming any more, but you may still need it for debugging. 

2.13.Capacitor: 

A capacitor is a device that stores electrical energy in an electric field. It is 

a passive electronic component with two terminals. The effect of a capacitor is known 

as capacitance. While some capacitance exists between any two electrical conductors in 

proximity in a circuit, a capacitor is a component designed to add capacitance to a 

circuit. The capacitor was originally known as a condenser or condensator. This name 

and its cognates are still widely used in many languages, but rarely in English, 

https://en.wikipedia.org/wiki/Breadboard
https://www.sparkfun.com/products/9088
https://www.sparkfun.com/products/10988
https://www.sparkfun.com/products/8606
https://www.sparkfun.com/products/8606
https://www.sparkfun.com/products/11207
https://www.sparkfun.com/products/242
https://www.sparkfun.com/products/9836
https://www.sparkfun.com/products/9403
https://www.sparkfun.com/products/9403
https://www.sparkfun.com/products/11345
https://www.sparkfun.com/products/9569
https://www.sparkfun.com/products/9721
https://www.sparkfun.com/products/11574
https://www.sparkfun.com/products/9964
https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Passivity_(engineering)
https://en.wikipedia.org/wiki/Electronic_component
https://en.wikipedia.org/wiki/Terminal_(electronics)
https://en.wikipedia.org/wiki/Capacitance
https://en.wikipedia.org/wiki/Electric_circuit
https://en.wikipedia.org/wiki/Cognates
https://en.wiktionary.org/wiki/capacitor#translations
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       one notable exception being condenser microphones, also called capacitor  

       microphones. 

C=Q/V 

A capacitance of one farad (F) means that one coulomb of charge on each conductor 

causes a voltage of one volt across the device. Because the conductors (or plates) 

are close together, the opposite charges on the conductors attract one another due to 

their electric fields, allowing the capacitor to store more charge for a given voltage 

than when the conductors are separated, yielding a larger capacitance. 

In practical devices, charge build-up sometimes affects the capacitor mechanically, 

causing its capacitance to vary. In this case, capacitance is defined in terms of 

incremental changes: 

C=dQ/dV 

 

 

 

 

 

 

 

 

 

 

The capacitor is a component which has the ability or “capacity” to store energy in the 

form of an electrical charge producing a potential difference (Static Voltage) across its 

plates, much like a small rechargeable battery. 

There are many different kinds of capacitors available from very small capacitor beads 

used in resonance circuits to large power factor correction capacitors, but they all do the 

same thing, they store charge. 

In its basic form, a capacitor consists of two or more parallel conductive (metal) plates 

which are not connected or touching each other, but are electrically separated either by 

air or by some form of a good insulating material such as waxed paper, mica, ceramic, 

https://en.wikipedia.org/wiki/Microphone#condenser
https://en.wikipedia.org/wiki/Farad
https://en.wikipedia.org/wiki/Coulomb
https://en.wikipedia.org/wiki/Volt
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plastic or some form of a liquid gel as used in electrolytic capacitors. The insulating 

layer between a capacitors plates is commonly called the Dielectric. 

 

A Typical Capacitor Due to this insulating layer, DC current can not flow through the 

capacitor as it blocks it allowing instead a voltage to be present across the plates in the 

form of an electrical charge. 

The conductive metal plates of a capacitor can be either square, circular or rectangular, 

or they can be of a cylindrical or spherical shape with the general shape, size and 

construction of a parallel plate capacitor depending on its application and voltage rating. 

 

By applying a voltage to a capacitor and measuring the charge on the plates, the ratio of 

the charge Q to the voltage V will give the capacitance value of the capacitor and is 

therefore given as: C = Q/V this equation can also be re-arranged to give the familiar 

formula for the quantity of charge on the plates as: Q = C xV. 

The property of a capacitor to store charge on its plates in the form of an electrostatic 

field is called the Capacitance of the capacitor. Not only that, but capacitance is also the 

property of a capacitor which resists the change of voltage across it. 

The Capacitance of a Capacitor: 

Capacitance is the electrical property of a capacitor and is the measure of a capacitors 

ability to store an electrical charge onto its two plates with the unit of capacitance being 

the Farad (abbreviated to F) named after the British physicist Michael Faraday. 

Capacitance is defined as being that a capacitor has the capacitance of One Farad when 

a charge of One Coulomb is stored on the plates by a voltage of One volt. Note that 

capacitance, C is always positive in value and has no negative units. However, the Farad 

is a very large unit of measurement to use on its own so sub-multiples of the Farad are 

generally used such as micro-farads, nano-farads and pico-farads, for example. 

Standard Units of Capacitance: 

 Microfarad  (μF)   1μF = 1/1,000,000 = 0.000001 = 10-6 F 

 Nanofarad  (nF)   1nF = 1/1,000,000,000 = 0.000000001 = 10-9 F 
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 Picofarad  (pF)   1pF = 1/1,000,000,000,000 = 0.000000000001 = 10-12 F 

 Capacitance of a Parallel Plate Capacitor 

The capacitance of a parallel plate capacitor is proportional to the area, A in metres2 of 

the smallest of the two plates and inversely proportional to the distance or 

separation, d (i.e. the dielectric thickness) given in metres between these two conductive 

plates. 

The generalised equation for the capacitance of a parallel plate capacitor is given 

as: C = ε(A/d) where ε represents the absolute permittivity of the dielectric material 

being used. The permittivity of a vacuum, εo also known as the “permittivity of free 

space” has the value of the constant 8.84 x 10-12 Farads per metre. 

Generally, the conductive plates of a capacitor are separated by some kind of insulating 

material or gel rather than a perfect vacuum. When calculating the capacitance of a 

capacitor, we can consider the permittivity of air, and especially of dry air, as being the 

same value as a vacuum as they are very close. 

 

Capacitance Example No1: 

A capacitor is constructed from two conductive metal plates 30cm x 50cm which are 

spaced 6mm apart from each other, and uses dry air as its only dielectric material. 

Calculate the capacitance of the capacitor. 
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Then the value of the capacitor consisting of two plates separated by air is calculated as 

221pF or 0.221nF 

For a standard parallel plate capacitor as shown above, the capacitor has two plates, 

labelled A and B. Therefore as the number of capacitor plates is two, we can say 

that n = 2, where “n” represents the number of plates. 

Then our equation above for a single parallel plate capacitor should really be: 

 

As for a single parallel plate capacitor, n – 1 = 2 – 1 which equals 1 as C = (εo*εr x 1 x 

A)/d is exactly the same as saying: C = (εo*εr*A)/d which is the standard equation 

above. 

Now suppose we have a capacitor made up of 9 interleaved plates, then n = 9 as shown. 

Multi-plate Capacitor: 
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Now we have five plates connected to one lead (A) and four plates to the other lead (B). 

Then BOTH sides of the four plates connected to lead B are in contact with the 

dielectric, whereas only one side of each of the outer plates connected to A is in contact 

with the dielectric. Then as above, the useful surface area of each set of plates is only 

eight and its capacitance is therefore given as: 

 

Modern capacitors can be classified according to the characteristics and properties of 

their insulating dielectric: 

 Low Loss, High Stability such as Mica, Low-K Ceramic, Polystyrene. 

 Medium Loss, Medium Stability such as Paper, Plastic Film, High-K Ceramic. 

 Polarized Capacitors such as Electrolytic’s, Tantalum’s. 

2.14. RELAY: 

Features: 

Works on 5V 240V Appliances can be controlled from a ARM Processor with a 5V 

signal  

High power loads which cannot be directly controlled from ARM Processors can be 

switched on/off with this relay module. Loads like 12V DC Motors, Solenoids, LEDs, 

etc can be controlled with this module. The board has a power indication and a relay 

status LED to ease debugging. The board requires a 5V to power supply to power the 

relay. The relay can then be turned on and off with 5V HIGH Signal from a ARM 

Processor. Power input and relay control signals are brought to header pins on the 

board. Hence, the board can be easily interface with our Arduino and development 

boards using our female to female jumper wires. 

The relay takes advantage of the fact that when electricity flows through a coil, it 

becomes an electromagnet. The electromagnetic coil attracts a steel plate, which is 

attached to a switch. So the switch's motion (ON and OFF) is controlled by the current 

flowing to the coil, or not, respectively. 

The relay operates mechanically, so it can not operate at high speed. 
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Fig.15.  Internal circuit of Relay 

 

 

 

 

 

 

 

 

There are many kind of relays. You can select one according to your needs. The various 

things to consider when selecting a relay are its size, voltage and current capacity of the 

contact points, drive voltage, impedance, number of contacts, resistance of the contacts, 

etc. The resistance voltage of the contacts is the maximum voltage that can be 

conducted at the point of contact in the switch. When the maximum is exceeded, the 

contacts will spark and melt, sometimes fusing together. The relay will fail. The value is 

printed on the relay. 

System Design: 

Relay Driver Circuit In relay driver circuit there are transistors, diodes and the relays. 

Relay driver circuit is used to control the light. This block can drive the various 

controlled devices. We are using +12V dc relay. As μC cannot drive relay directly so 

output signal from microcontroller is passed to the base of the transistor, which activates 

the particular relay so that it can select particular device to operate. Relays can control 

the charge flowing to the load. Load may be and AC device such as light, fan, Bulb etc. 

Load Relays control the flow of charge to the load. In this project we have used four 

bulbs of 10 Watt each as a load. But we can use any electronic object like tubelight, 

CFL, fans, cooler etc in place of bulbs. 
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Working: 

 

2.16. DC Motors: 

A DC motor is a motor that transforms electrical energy into mechanical energy by 

drawing in direct current. DC motors induce a rotation movement in the machine by 

electromagnetism. DC motors have inductors (electromagnet) within them that create a 

magnetic field that aids the rotation of the motor. 

 

The electromagnet is a piece of iron with wire coil windings around it. This coil has 

current running through its terminals. This alignment has two stationary magnets on 

both the sides of the electromagnet. The opposing and attractive forces of these magnets 

create a torque. 

HOW DIRECT CURRENT MOTORS WORK: 

Which motor is going to be best choice for your ceiling fan? Brands like Craft made, 

Emerson, and F animation use DC motors in many of their popular ceiling fan models 

such as the Craft made DC Union. But still, we asked, what are the differences between 

these two motor types? 

https://www.delmarfans.com/craftmade-ceiling-fans/
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All motors work by converting electrical energy into mechanical energy, but the 

similarities end there for AC and DC motors. AC motors are powered by connecting 

directly to a power source. DC motors are powered through the use of a battery or a 

converter. The speed of the motors is also controlled differently. 

For an AC motor, the speed is controlled by varying the frequency, while the speed of a 

DC motor is controlled through the current. A DC motor is by far the preferred motor in 

many applications today, from electric trains to cranes to elevators, and are definitely 

the choice for ceiling fans. 

 

ADVANTAGES OF CEILING FANS WITH DC MOTORS: 

 High Torque - Ceiling fans with DC motors create a higher torque, meaning 

greater initial power and less energy consumptions. DC motors consume 70% 

less energy than conventional ceiling fan motors. 

 Greater Control - DC motors control six speeds settings and reverse function. 

Generally, these motors are easier to start, stop, and accelerate. 

 Central Circuitry - Fans with DC motors have all the electrical components 

conveniently located in one place atop of the motor assembly, so there's no need 

for a canopy or switch cup. This makes wiring your ceiling fan during 

the installation process a lot easier. 

 Light Weight - DC motors generally weigh less than conventional fan motors, 

resulting in a lighter product that is easier to installed. 

 Quiet Operation - DC motors virtually silent, ensuring a quiet operation. 

Because DC motors are more technologically advanced, you can expect to pay more 

money for a DC ceiling fan. Although they cost a bit more upfront, ceiling fan 

manufacturers like Craft made believe that the advantages of versatility and the speed of 

a fan with a DC motor, such as the Craft made DC fans, are well worth the costs. 

https://www.delmarfans.com/educate/install/
https://www.delmarfans.com/craftmade-ceiling-fans/?efficiency_filter=DC+Motor
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A rotating magnetic field can be created by merely turning these coils on and off in a 

sequence. Now, when this rotating magnetic field interacts with the magnetic fields of 

the magnets (permanent or electromagnet), it exerts a force on the armature which sets it 

in a rotation motion. By altering the direction and magnitude of the of the current 

flowing through the coils, you can change the direction and magnitude of the magnetic 

field produced by it. 

Types Of DC Motor: 

DC motors can be classified into four basic categories: 

1. Permanent Magnet DC Motors 

In a permanent magnet DC motor, a permanent magnet is used to produce the magnetic 

field flux. It does not have a field winding on the stator frame and relies on permanent 

magnets to create the magnetic field against the opposing force of the rotor field to 

produce torque. It generates a good starting torque and provides a decent speed. These 

motors are usually found in applications running on low horsepower. 

2. Series DC Motors 

In a series, DC motor, the field windings, and the armature are connected in series to a 

common D.C. power source. This motor has a very high starting torque and is used for 

starting high inertia loads (e.g. trains, elevators). 

3. Shunt DC Motors 

In a shunt, DC motor,  the field windings, and the armature are connected parallel 

(shunt) to each other with a common D.C. power source. These motors provide 

excellent speed regulation because the parallel field can be excited separately from the 

armature windings. Shunt DC motors are mostly used for industrial, adjustable speed 

applications (e.g. machine tools, winding/unwinding machines) 

4. Compound DC Motors 

In a compound DC Motor, the field windings, and the armature are connected in a 

combination of both shunt and series, thus, imparting to it the certain features of both a 

shunt and series DC motor.  This motor can be connected in two different arrangements: 

cumulatively or differentially. While cumulative compound motors connect the series 

field to aid the shunt field (higher torque, less speed regulation), the differential 

compound DC motors provide good speed regulation while operating at constant speed. 
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Most DC ceiling fan models consume less power, in some cases, up to 70% less than a 

standard AC fan. 

 They have a reputation for being extremely quiet. 

 DC ceiling fans often come with a remote control having more speed options, a 

reverse button, and so on. 

 A DC motor is usually quite compact and light owing to which DC ceiling fans 

have a slimmer motor design. 

 DC ceiling fans do not get overheated, and hence, they are much more durable 

than any other conventional ceiling fan. 

 Supply:  

Input Power Supply For The Project 5v,1amp 

 

PCB: 

A printed circuit board (PCB) mechanically supports and electrically 

connects electrical or electronic components using conductive tracks, pads and other 

features etched from one or more sheet layers of copper laminated onto and/or between 

sheet layers of a non-conductive substrate. Components are generally soldered onto the 

PCB to both electrically connect and mechanically fasten them to it. 

Printed circuit boards are used in all but the simplest electronic products. They are also 

used in some electrical products, such as passive switch boxes. 

Alternatives to PCBs include wire wrap and point-to-point construction, both once 

popular but now rarely used. PCBs require additional design effort to lay out the circuit, 

but manufacturing and assembly can be automated. Electronic computer-aided 

design software is available to do much of the work of layout. Mass-producing circuits 

with PCBs is cheaper and faster than with other wiring methods, as components are 

mounted and wired in one operation. Large numbers of PCBs can be fabricated at the 

https://en.wikipedia.org/wiki/Electrical
https://en.wikipedia.org/wiki/Electronic_components
https://en.wikipedia.org/wiki/Electrical_conductor
https://en.wikipedia.org/wiki/Industrial_etching
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https://en.wikipedia.org/wiki/Soldering
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https://en.wikipedia.org/wiki/Electronic_computer-aided_design
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same time, and the layout only has to be done once. PCBs can also be made manually in 

small quantities, with reduced benefits. 

"Through hole" components are mounted by their wire leads passing through the board 

and soldered to traces on the other side. "Surface mount" components are attached by 

their leads to copper traces on the same side of the board. A board may use both 

methods for mounting components. PCBs with only through-hole mounted components 

are now uncommon. Surface mounting is used for transistors, diodes, IC 

chips, resistors and capacitors. Through-hole mounting may be used for some large 

components such as electrolytic capacitors and connectors. 

The pattern to be etched into each copper layer of a PCB is called the "artwork". The 

etching is usually done using photo resist which is coated onto the PCB, then exposed to 

light projected in the pattern of the artwork. The resist material protects the copper from 

dissolution into the etching solution. The etched board is then cleaned. A PCB design 

can be mass-reproduced in a way similar to the way photographs can be mass-

duplicated from film negatives using a photographic printer. 

FR-4 glass epoxy is the most common insulating substrate. Another substrate material 

is cotton paper impregnated with phenolic resin, often tan or brown. 

A PCB may be "silkscreen" printed with a legend identifying the components, test 

points, or identifying text. Originally, an actual silkscreen printing process was used for 

this purpose, but today other, finer quality printing methods are usually used instead. 

Normally the screen printing is not significant to the function of the PCBA. 

 

 

https://en.wikipedia.org/wiki/Transistor
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A minimal PCB for a single component, used for prototyping, is called a breakout 

board. The purpose of a breakout board is to "break out" the leads of a component on 

separate terminals so that manual connections to them can be made easily. Breakout 

boards are especially used for surface-mount components or any components with fine 

lead pitch. 

Advanced PCBs may contain components embedded in the substrate. 

Characteristics: 

The first PCBs used through-hole technology, mounting electronic components 

by leads inserted through holes on one side of the board and soldered onto copper traces 

on the other side. Boards may be single-sided, with an unplated component side, or 

more compact double-sided boards, with components soldered on both sides. Horizontal 

installation of through-hole parts with two axial leads (such as resistors, capacitors, and 

diodes) is done by bending the leads 90 degrees in the same direction, inserting the part 

in the board (often bending leads located on the back of the board in opposite directions 

to improve the part's mechanical strength), soldering the leads, and trimming off the 

ends. Leads may be soldered either manually or by a wave soldering machine.  

Through-hole manufacture adds to board cost by requiring many holes to be drilled 

accurately, and it limits the available routing area for signal traces on layers 

immediately below the top layer on multi-layer boards, since the holes must pass 

through all layers to the opposite side. 
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CHAPTER 3 

SOFTWARE INSTALLATION 

 

3.1.Software installation: 

A boot loader needs to be flashed using USB to Serial or ST-Link (SWD). See Flashing 

the boot loader. 

Note that after first flashing the boot loader you may have to place the board into 

"perpetual boot loader" mode before you can upload a sketch; place a resistor between 

pin PC14 and 3.3V, and then reset the board. You should now be able to flash a blank 

sketch, remove the resistor, and restart the board, after which uploading new sketches 

should work as expected. If you find that the IDE successfully resets your board, but 

dfu-util complains about no DFU-devices being present you may have to edit the maple-

upload script in tools-folder. Find the line where it calls upload-reset, and increase the 

value given to it. 

3.2.Software Description: 

Arduino IDE: 

Arduino is an open-source prototyping platform based on easy-to-use hardware and 

software. Arduino boards  are able to read inputs - light on a sensor, a finger on a 

button, or a Twitter message - and turn it into an output - activating a motor, turning on 

an LED, publishing something online. You can tell your board what to do by sending a 

set of instructions to the microcontroller on the board. To do so you use the Arduino 

programming language (based on Wiring), and the Arduino Software (IDE), based on 

Processing.  

  In the programming part, to facilitate communication between Arduino and LCD 

module, we make use of a built in library in Arduino <LiquidCrystal.h> – which is 

written for LCD modules making use of the Hitachi HD44780 chipset (or a compatible 

chipset). This library can handle both 4 bit mode and 8 bit mode wiring of LCD. In 4 bit 

mode, data is sent using 4 data pins and 3 control pins. In our project, R/W pin is always 

grounded so we require only 6 pins in 4 bit mode, thus saving no of pins. During 

interfacing  the library is first initialized and then define pins using the command Liquid 

Crystal lcd(RS, E, D4, D5, D6, D7), pins are assigned in this order. In program we can 

https://wiki.stm32duino.com/index.php?title=Flashing_the_bootloader
https://wiki.stm32duino.com/index.php?title=Flashing_the_bootloader
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see this command as Liquid Crystal lcd(13,12, 11, 10, 9, 8), here RS pin to 13, Enable 

pin to 12, D4 pin to 11, D5 pin to 10, D6 pin to 9 and D7 pin to 8 respectively. 

The Arduino reads the sensor output through the analog input pins using analog Read 

function. For example “analog Read(moisture sensor Pin);” converts the voltage (in the 

range 0 to 5V) at the  A0 pin into a number (in the range 0 to 1023) This way the 

voltage at A0 is compared to a fixed number (avg moisture) for identifying the current 

status of the soil .= 

Software program: 

 The program is written in Arduino programming language. The code is well 

commented and is easy to understand. Compile the autowatering.ino code and 

upload it to the microcontroller, using Arduino IDE version 1. 

 

Applications, Advantages and Future enhancement of IOT and Arduino based Industrial 

protection system 

• One of the main advantages of IOT and Arduino based Industrial fault detection 

system is that it does not require any human intervention once the system is 

installed. 

• This project could help in saving lives if appropriate measures are taken in time. 

• Apart from the industries mentioned above, IOT and Arduino based Industrial 

fault detection project can be used in other manufacturing units, offices, schools 

etc.  

• Future Development of the project — We can add a circuit which can send out 

safety instructions like ‘vacate the place’, once fire OR Gas leakage is detected 

TEST PLAN: 

Check the power supply connections 

· Insert smart card in to the smart card reader · Check LEDs  

· Check Microcontroller minimum requirements 

· Welcome message will be printed on LCD 

· Consumed units and available units are displayed on LCD 

· A message will be displayed if there is no smart card 
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Window – Files: 

Now use from the menu Project – Select Device for Target and select a CPU for your 

project. The Select Device dialog box shows the μVision2 device database. Just select 

the microcontroller you use. We are using for our examples the Philips 80C51RD+ 

CPU. This selection sets necessary tool options for the 80C51RD+ device and simplifies 

in this way the tool 

Configuration. 

CPU Simulation: 

μVision2 simulates up to 16 Mbytes of memory from which areas can be mapped for 

read, write, or code execution access. The μVision2 simulator traps and reports illegal 

memory accesses. In addition to memory mapping, the simulator also provides support 

for the integrated peripherals of the various 8051 derivatives. The on-chip peripherals of 

the CPU you have selected are configured from the Device 

Database selection: 

You have made when you create your project target. Refer to page 58 for more 

information about selecting a device. You may select and display the on-chip peripheral 

components using the Debug menu. You can also change the aspects of each peripheral 

using the controls in the dialog boxes. 

Start Debugging: 

You start the debug mode of μVision2 with the Debug – Start/Stop Debug Session 

command. Depending on the Options for Target – Debug configuration, μVision2 will 

load the application program and run the startup code μVision2 saves the editor screen 

layout and restores the screen layout of the last debug session. If the program execution 

stops, μVision2 opens an editor window with the source text or shows CPU instructions 

in the disassembly window. The next executable statement is marked with a yellow 

arrow. During debugging, most editor features are still available. For example, you can 

use the find command or correct program errors. Program source text of your 

application is shown in the same windows. The 

μVision2 debug mode differs from the edit mode in the following aspects: The “Debug 

Menu and Debug Commands” described on page 28 are available. The additional debug 

windows are discussed in the following. The project structure or tool parameters cannot 

be modified. All build commands are disabled. 
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Disassembly Window: 

The Disassembly window shows your target program as mixed source and assembly 

program or just assembly code. A trace history of previously executed instructions may 

be displayed with Debug – View Trace Records. To enable the trace history, set Debug 

– Enable/Disable Trace Recording. If you select the Disassembly Window as the active 

window all program step commands work on CPU instruction level rather than program 

source lines. You can select a text line and set or modify code breakpoints using toolbar 

buttons or the context menu commands. 

Blynk App: 

Blynk was designed for the Internet of Things. It can control hardware remotely, it can 

display sensor data, it can store data, visualize it and do many other cool things. 

There are three major components in the platform: 

 Blynk App - allows to you create amazing interfaces for your projects using various 

widgets we provide. 

 Blynk Server - responsible for all the communications between the smart phone and 

hardware. You can use our Blynk Cloud or run your private Blynk server locally. It’s 

open-source, could easily handle thousands of devices and can even be launched on a 

Raspberry Pi. 

 Blynk Libraries - for all the popular hardware platforms - enable communication 

with the server and process all the incoming and out coming commands. 

 Now imagine: every time you press a Button in the Blynk app, the message travels to 

speed the Blynk Cloud, where it magically finds its way to your hardware. It works 

the same in the opposite direction and everything happens in a blynk of an eye. 

 

https://docs.blynk.cc/#blynk-server
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Features 

 Similar API & UI for all supported hardware & devices 

 Connection to the cloud using: 

o WiFi 

o Bluetooth and BLE 

o Ethernet 

o USB (Serial) 

o GSM 

 Set of easy-to-use Widgets 

 Direct pin manipulation with no code writing 

 Easy to integrate and add new functionality using virtual pins 

 History data monitoring via SuperChart widget 

 Device-to-Device communication using Bridge Widget 

 Sending emails, tweets, push notifications, etc. 

  new features are constantly added. 

1. Hardware. 

An Arduino, Raspberry Pi, or a similar development kit. 

Blynk works over the Internet. This means that the hardware you choose should be 

able to connect to the internet. Some of the boards, like Arduino Uno will need an 

Ethernet or Wi-Fi Shield to communicate, others are already Internet-enabled: like the 

ESP8266, Raspberri Pi with WiFi dongle, Particle Photon or Spark Fun Blynk Board. 

But even if you don’t have a shield, you can connect it over USB to your laptop or 

desktop (it’s a bit more complicated for newbies, but we got you covered). What’s cool, 

is that the list of hardware that works with Blynk is huge and will keep on growing. 

2. A Smartphone. 

The Blynk App is a well designed interface builder. It works on both iOS and Android 

Getting Started With The Blynk App 

1. Create a Blynk Account 

After you download the Blynk App, you’ll need to create a New Blynk account. This 

account is separate from the accounts used for the Blynk Forums, in case you already 

https://docs.blynk.cc/#supported-hardware
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have one. We recommend using a real email address because it will simplify things 

later. 

 

An account is needed to save your projects and have access to them from multiple 

devices from anywhere. It’s also a security measure. we can always set up your 

own Private Blynk Server and have full control. 

2. Create a New Project 

After you’ve successfully logged into your account, start by creating a new project. 

 

3. Choose Your Hardware 

Select the hardware model you will use. Check out the list of supported hardware! 

 

https://docs.blynk.cc/#blynk-server
https://docs.blynk.cc/#supported-hardware
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4. Auth Token 

Auth Token is a unique identifier which is needed to connect your hardware to your 

smart phone. Every new project you create will have its own Auth Token. You’ll get 

Auth Token automatically on your email after project creation. You can also copy it 

manually. Click on devices section and selected required device : 

 

And you’ll see token : 

 

NOTE: Don’t share your Auth Token with anyone, unless you want someone to have 

access to your hardware. 

It’s very convenient to send it over e-mail. Press the e-mail button and the token will be 

sent to the e-mail address you used for registration. You can also tap on the Token line 

and it will be copied to the clipboard. 

Now press the “Create” button. 
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5. Add a Widget 

Your project canvas is empty, let’s add a button to control our LED. 

Tap anywhere on the canvas to open the widget box. All the available widgets are 

located here. Now pick a button. 

Widget Box 

 

Drag-n-Drop - Tap and hold the Widget to drag it to the new position. 

Widget Settings - Each Widget has it’s own settings. Tap on the widget to get to them. 

 



IOT INDUSTRY PROTECTION SYSTEM USING ARDUINO 
 

Department of EEE Page 56 
 

The most important parameter to set is PIN . The list of pins reflects physical pins 

defined by your hardware. If your LED is connected to Digital Pin 8 - then 

select D8 (D - stands for Digital). 

 

6. Run The Project 

When you are done with the Settings - press the PLAY button. This will switch you 

from EDIT mode to PLAY mode where you can interact with the hardware. While in 

PLAY mode, you won’t be able to drag or set up new widgets, press STOP and get 

back to EDIT mode. 

You will get a message saying “Arduino UNO is offline”. We’ll deal with that in the 

next section. 

 

 

Let’s take a look at the example sketch for an Arduino UNO + Ethernet shield 

#define BLYNK_PRINT Serial 

https://github.com/blynkkk/blynk-library/blob/master/examples/GettingStarted/BlynkBlink/BlynkBlink.ino
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#include <SPI.h> 

#include <Ethernet.h> 

#include <BlynkSimpleEthernet.h> 

 

char auth[] = "YourAuthToken"; 

 

void setup() 

{ 

Serial.begin(9600); // See the connection status in Serial Monitor 

Blynk.begin(auth);  // Here your Arduino connects to the Blynk Cloud. 

} 

 

void loop() 

{ 

Blynk.run(); // All the Blynk Magic happens here... 

} 

Auth Token 

In this example sketch, find this line: 

char auth[] = "YourAuthToken"; 

This is the Auth Token that you emailed yourself. Please check your email and copy it, 

then paste it inside the quotation marks. 

It should look similar to this: 

char auth[] = "f45626c103a94983b469637978b0c78a"; 

Upload the sketch to the board and open Serial Terminal. Wait until you see something 

like this: 

Blynk v.X.X.X 

Your IP is 192.168.0.11 

Connecting... 

Blynk connected! 

Congrats! You are all set! Now your hardware is connected to the Blynk Cloud! 

https://docs.blynk.cc/#getting-started-getting-started-with-application-4-auth-token
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Blynking 

Go back to the Blynk App, push the button and turn the LED on and off! It should be 

Blynking. 

 

Check out other example sketches. 

Feel free to experiment and combine different examples together to create your own 

amazing projects. 

For example, to attach an LED to a PWM-enabled Pin on your Arduino, set the slider 

widget to control the brightness of an LED. Just use the same steps described above. 

Blynk is a new platform that allows you to quickly build interfaces for controlling and 

monitoring your hardware projects from your iOS and Android device. After 

downloading the Blynk app, you can create a project dashboard and arrange buttons, 

sliders, graphs, and other widgets onto the screen 

 

 

 

 

 

 

 

 

 

 

https://github.com/blynkkk/blynk-library/tree/master/examples
http://www.arduino.cc/en/Tutorial/Fading
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CHAPTER 4 

TESTING OF PROJECT 

4.1. TESTING OF PROJECT 

With the knowledge of operation of the system was tested step by step to the transistor 

output and the load was connected across the collector terminal of the transistor. 

Assembling: 

The whole system was packed in a plastic casing and provision was made for the IR 

to sense light from the outside. 

4.2. Software installation: 

A boot loader needs to be flashed using USB to Serial or ST-Link (SWD). See Flashing 

the boot loader. 

Note that after first flashing the boot loader you may have to place the board into 

"perpetual boot loader" mode before you can upload a sketch; place a resistor between 

pin PC14 and 3.3V, and then reset the board. You should now be able to flash a blank 

sketch, remove the resistor, and restart the board, after which uploading new sketches 

should work as expected. If you find that the IDE successfully resets your board, but 

dfu-util complains about no DFU-devices being present you may have to edit the maple-

upload script in tools-folder. Find the line where it calls upload-reset, and increase the 

value given to it. 

4.3.Testing: 

System Testing: 

            The purpose of testing is to discover errors. Testing is the process of trying to 

discover every conceivable fault or weakness in a work product. It provides a way to 

check the functionality of components, sub assemblies, assemblies and/or a finished 

product It is the process of exercising software with the intent of ensuring that the 

Software system meets its requirements and user expectations and does not fail in an 

unacceptable manner. There are various types of test. Each test type addresses a specific 

testing requirement. 

https://wiki.stm32duino.com/index.php?title=Flashing_the_bootloader
https://wiki.stm32duino.com/index.php?title=Flashing_the_bootloader
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Types of Tests: 

Unit testing 

          Unit testing involves the design of test cases that validate that the internal 

program logic is functioning properly, and that program inputs produce valid outputs. 

All decision branches and internal code flow should be validated. It is the testing of 

individual software units of the application .it is done after the completion of an 

individual unit before integration. This is a structural testing, that relies on knowledge 

of its construction and is invasive. Unit tests perform basic tests at component level and 

test a specific business process, application, and/or system configuration. Unit tests 

ensure that each unique path of a business process performs accurately to the 

documented specifications and contains clearly defined inputs and expected results. 

Integration testing: 

             Integration tests are designed to test integrated software components to 

determine if they actually run as one program.  Testing is event driven and is more 

concerned with the basic outcome of screens or fields. Integration tests demonstrate that 

although the components were individually satisfaction, as shown by successfully unit 

testing, the combination of components is correct and consistent. Integration testing is 

specifically aimed at   exposing the problems that arise from the combination of 

components. 

Functional test: 

 Functional tests provide systematic demonstrations that functions tested are 

available as specified by the business and technical requirements, system 

documentation, and user manuals. 

Functional testing is centered on the following items: 

Valid Input               :  identified classes of valid input must be accepted. 

Invalid Input             : identified classes of invalid input must be rejected. 

Functions                  : identified functions must be exercised. 

Output               : identified classes of application outputs must be exercised. 

Systems/Procedures: interfacing systems or procedures must be invoked. 

    Organization and preparation of functional tests is focused on requirements, key 

functions, or special test cases. In addition, systematic coverage pertaining to identify 

Business process flows; data fields, predefined processes, and successive processes 
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must be considered for testing. Before functional testing is complete, additional tests are 

identified and the effective value of current tests is determined. 

System Test: 

     System testing ensures that the entire integrated software system meets requirements. 

It tests a configuration to ensure known and predictable results. An example of system 

testing is the configuration oriented system integration test. System testing is based on 

process descriptions and flows, emphasizing pre-driven process links and integration 

points. 

White Box Testing: 

        White Box Testing is a testing in which in which the software tester has knowledge 

of the inner workings, structure and language of the software, or at least its purpose. It is 

purpose. It is used to test areas that cannot be reached from a black box level. 

Black Box Testing: 

        Black Box Testing is testing the software without any knowledge of the inner 

workings, structure or language of the module being tested. Black box tests, as most 

other kinds of tests, must be written from a definitive source document, such as 

specification or requirements document, such as specification or requirements 

document. It is a testing in which the software under test is treated, as a black box .you 

cannot “see” into it. The test provides inputs and responds to outputs without 

considering how the software works. 

Unit Testing: 

 Unit testing is usually conducted as part of a combined code and unit test phase 

of the software lifecycle, although it is not uncommon for coding and unit testing to be 

conducted as two distinct phases. 

Test strategy and approach: 

 Field testing will be performed manually and functional tests will be written in 

detail. 

Test objectives: 

 All field entries must work properly. 

 Pages must be activated from the identified link. 

 The entry screen, messages and responses must not be delayed. 
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Features to be tested: 

 Verify that the entries are of the correct format 

 No duplicate entries should be allowed 

 All links should take the user to the correct page. 

Integration Testing 

 Software integration testing is the incremental integration testing of two or more 

integrated software components on a single platform to produce failures caused by 

interface defects. 

 The task of the integration test is to check that components or software 

applications, e.g. components in a software system or – one step up – software 

applications at the company level – interact without error. 

Test Results: All the test cases mentioned above passed successfully. No defects 

encountered. 

Acceptance Testing: 

 User Acceptance Testing is a critical phase of any project and requires 

significant participation by the end user. It also ensures that the system meets the 

functional requirements. 
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CHAPTER 5 

CONCLUSIONS  

 

The wireless sensor networks are connected with the internet with the help of the 

IoT gateway and also ensure the monitoring of the products inside cold store rooms. 

Also this type of application helps in checking the temperature and humidity on a 

continuous basis and then resulting instructions are sent to the server. Based on 

which the environment inside the store rooms can be monitored. This type of 

system can help in Industrial Automation using IoT, with the help of which we can 

take intelligent decisions. 
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Abstract: 

Internet of Things (IoT) plays a key role in the new 

generation of industrial automation systems.The 

proposed system develops a sensor interface device 

essential for sensor data acquisition of 

industrialWireless Sensor Networks (WSN) in 

Internet of Things (IoT) environment.The IOT 

industry protection system using Arduino is a system 

designed to protect industries from losses due to 

accidents using Internet of things. Gas leakages may 

lead to fires leading to huge industrial losses, also 

instant fire detection is needed in case of furnace 

blasts or other conditions. Also low lighting in 

industries may create improper work conditions 

increasing the probability of accidents. The system 

makes use of Arduino to achieve this functionality. 

The system makes use of temperature sensing along 

with light gas sensing to detect fire, gas leakage as 

well as low lighting to avoid any industrial accidents 

and prevent losses. The system consists of light, gas 

and temperature sensors interfaced with arduino and 

LCD screen. The sensor data is constantly scanned to 

record values and check for fire, gas leakage or low 

light and then this data is transmitted online. The wifi 

module is used to achieve internet functionality. The 

ThingSpeak/Blynk server then displays this 

information online, to achieve the desired output. 

Keywords:  Arduino Nano, IoT, ESP01 Wifi 

Module, LDR Sensor, LPG CNG Gas  

Sensor,  Temperature Sensor LM 35, Fire sensor, 

Arduino IDE, Blynk application 

 

I. Introduction: 

Industries like Petroleum, Chemicals, Oil, and Gas 

have a high risk of fire outbreaks which could lead to 

huge destruction, loss of property and most of all, 

loss of lives. As we are making use of Internet the 

system becomes secured and live data monitoring is 

also possible using IoT system.It is very important to 

have some system that can keep the premises secure 

and also inform the authorized people within the 

stipulated time if such an incident takes place. IOT 

and Arduino based Industrial fault detection project is 

designed to detect fire (using smoke and temperature 

sensor) and LPG leakage (using LPG gas sensor). 

This project uses IOT and sends information to a 

website. Internet of Things (IoT) is basically, the 

network of ‘things’ by which physical things can 

exchange data with the help of sensors, electronics, 

software, and connectivity. These systems do not 

require any human interaction[1].We can implement 

sensors in wide area over the machines and 

instruments and control and monitor the 

circumstances by using concept of IoT. The terms of 

"things" in the IoT vision is very broad and includes a 

variety of physical elements. The terms of things 

include portable personal items such as smart phones, 

tablets and digital cameras. Furthermore, IoT 

includes elements of our environments (be it home, 

car or office), and things equipped with RFID tags 

connected to a gateway device. From those 

mentioned so far, a huge number of devices and 

things will be connected to the Internet, each 

providing data and information and some even 

services. With the rapid increase in the number of 

user of the internet over the pass decades made the 

internet as the part of the life and IoT is the latest and 

emerging technology[2]. Thus, it will scan 

information in parallel and in real time with high 

speed on multiple completely differentdevice 

information. Intelligent device interface specification 

is adopted for this style. By detecting the values of 

sensors itcan easily find out the Temperature, 

humidity, and gas present in the industrial area. And 

also it controls the power withabnormalities. So that 

critical situation can be avoided and preventive 

measures are successfully implemented. 

 

II. Literature review: 

 

Along with the availability of massive amount of 

processing power provided by the Cloud new 

opportunities have emerged for complete automation 

of industrial devices. IoT has a vast application in 
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different sectors and domains which are yet to be 

explored. The practical realization of a full-custom, 

reusable WSN platform suitable for use in low cost 

long-term IoT environmental monitoring 

applications[3]. For a consistent design, the main 

application requirements for low cost, fast 

deployment of large number of sensors, and long 

unattended service are considered at all design levels. 

Internet connection has fundamentally changed the 

arrangements for monitoring and control, and the use 

of open/public standards and personal computer 

systems (PCs, tablets, smart phones) bring significant 

benefits to their users and producers. 

 

II. Proposed system: 

The proposed system is a platform which allows 

multi-parameters analysis of Temperature, gas, light, 

fire. So the proposed system offers better efficient 

and differentiate with existing system.The pollutants 

when released from industries or when fire is 

detected the system gets activated. When carbon 

dioxide goes above the defined level or threshold 

value the system gives an alarm to the authority, also 

send this alert information to smart phone through 

clouds using Blynk application. Whenever the 

parameters cross the limits the values are updated. 

These updated values can be viewed anywhere and 

anytime by opening the link given through internet. 

The inputs from sensors given are interfaced with 

IOT and made available online all the time so anyone 

who has the link can view the condition of the 

parameter.  

 

Block diagram:  

 

 
Fig.1. Block diagram of IoT based industrial 

protection system 

 

IV. Hardware Description: 

(a).Arduino Nano: 

Arduino Nano is a small, complete, and breadboard-

friendly board based on the ATmega328 or 

ATmega168. Arduino environment is so flexible and 

open source,prototyping platform based on easy-to-

use hardware and software.It have an integrated on-

board USB.It is like the brain of a project[4].Arduino 

boards are able to read inputsfrom different sensors 

like Biometric sensor, flame sensor, IR sensor, 

Temperature sensor LM35, Gas sensor, Light sensor 

etc. Arduino is the best solution if you are interested 

in creating interactive objects or environments no 

matter you are artists, designers or hobbyists. 

 
Fig.2. Arduino nano pin out 

Arduino is an open-source platform used for building 

electronics projects. Arduino consists of both a 

physical programmable circuit board and a piece 

of software, or IDE (Integrated Development 

Environment) that runs on computer, used to write 

and upload computer code to the physical board.The 

main feature of this board is its size ,it is very small 

when compared to an Arduino UNO but it is capable 

of doing most of the thing which any other Arduino 

board can do.The boards feature serial 

communications interfaces, including Universal 

Serial Bus (USB) on some models, which are also 

used for loading programs from personal computers. 

Arduino board designs use a variety of 

microprocessors and controllers. The boards are 

equipped with sets of digital and 

analog input/output (I/O) pins that may be interfaced 

to various expansion boards and other circuits. The 

microcontrollers are typically programmed using a 

dialect of features from the programming 

languages C and C++.  

(b).ESP01: 

The ESP01 is capable of either hosting an application 

or offloading all Wi-Fi networking functions from 

another application processor.  
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Fig.3.ESP01 wifi module 

ESP8266 is a self-contained SOC with integrated 

TCP/IP protocol stack and Serial WIFI Wireless 

Transceiver Module comes pre-programmed with an 

AT command set firmware[5]. The ESP8266 module 

is an extremely cost-effective board with a huge, and 

ever growing, community. 

(c).LM35 Temperature Sensor: 

LM35 is Low cost temperature sensor, small and 

hence suitable for remote applications. It is a 

precession Integrated circuit Temperature sensor, 

whose output voltage varies, based on the 

temperature around it. 

 
Fig.4 LM95 Temperature sensor 

 

Table: 1 LM95 Temperature sensor Ports detais 

 

It is used to measure temperature anywhere between -

55°C to 150°C[6]. It can easily be interfaced with any 

Arduino controller that has ADC function or any 

development platform like Arduino. 

 

 

(d). Light Dependent Resistor (LDR): 

Light dependent resistor as the name suggests 

depends on light for the variation of resistance. LDR 

are made by depositing a film of cadmium sulphide 

or cadmium selenide on a substrate of ceramic 

containing no or very few free electrons when not 

illuminated. The longer the strip the more the value 

of resistance. LDR or Light Dependent Resistors are 

very useful especially in light/dark sensor circuits. 

When light falls on the strip, the resistance decreases. 

In the absence of light the resistance can be in the 

order of 10 K ohm to 15 K ohm and is called the dark 

resistance. Depending on the exposure of light the 

resistance can fall down to value of 500 ohms. The 

power ratings are usually smaller and are in the range 

50 mw to 0.5 w. Though very sensitive to light, the 

switching time is very high and hence cannot be used 

for high frequency applications. The below figure 

shoes that when the torch is turned on, the resistance 

of the LDR falls, allowing current to pass through it 

is shown in figure. 

 

Fig:5 Symbol for LDR 

(e). MQ2 Gas Sensor: 

MQ2 gas sensor is also known as chemiresistor. MQ2 

gas sensor is an electronic sensor used for sensing the 

concentration of gases in the air such as LPG, 

propane, methane, hydrogen, alcohol, smoke and 

carbon monoxide[7].It contains a sensing material 

whose resistance changes when it comes in contact 

with the gas. This change in the value of resistance is 

used for the detection of gas. 

 
Fig. 6.MQ2 Gas Sensor 

MQ2 is a metal oxide semiconductor type gas sensor. 

Concentrations of gas in the gas are measured using 

a voltage divider network present in the sensor. This 

sensor works on 5V DC voltage. It can detect gases 

in the concentration of range 200 to 10000ppm. 

(f). Flame sensor: 

A sensor which is most sensitive to a normal light is 

known as a flame sensor. This sensor/detector can be 
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built with an electronic circuit using a receiver like 

electromagnetic radiation. A flame-sensor is one kind 

of detector which is mainly designed for detecting as 

well as responding to the occurrence of a fire or 

flame. The flame detection response can depend on 

its fitting. It includes an alarm system, a natural gas 

line, propane & a fire suppression system. This 

sensor is used in industrial boilers. The output of this 

sensor is an analog signal or digital signal. These 

sensors are used in fire fighting robots like as a flame 

alarm. 

 

Fig.7.Flame-sensor module 

V. Software implementation: 

(a). Arduino IDE: 

Arduino is an open-source prototyping platform 

based on easy-to-use hardware and software. The 

program is written in Arduino programming 

language. The code is well commented and is easy to 

understand[8]. Compile the autowatering.ino code 

and upload it to the microcontroller, using Arduino 

IDE version 1. 

 
Fig.8. Arduino IDE environment 

(b). Blynk app: 

Blynk was designed for the Internet of Things. It can 

control hardware remotely, it can display sensor data, 

it can store data, visualize it and do many other cool 

things. 

There are three major components in the platform: 

• Blynk App - allows to create amazing interfaces 

for projects using various widgets we provide. 

• Blynk Server - responsible for all the 

communications between the smartphone and 

hardware. Blynk Cloud or run any private Blynk 

server locally. It’s open-source, could easily 

handle thousands of devices and can even be 

launched on a Raspberry Pi. 

• Blynk Libraries - for all the popular hardware 

platforms - enable communication with the server 

and process all the incoming and outcoming 

commands. 

 
Fig.9. Blynk application 

 

(VI). Results and discussions: 

In this project there is no need of converting 

analog signal into digital signal of sensors because 

ARDUINO Nano Microcontroller consists of in-

built analog to digital converter. So now interface 

LM 35 temperature sensor, Fire sensor, Gas 

sensor, light Sensor, Wifi communicate with the 

controller and controlling sensors for process 

requirement. The Operationsperformed in the 

block performed can be classified as Sensor unit 

and Server unit. The on-board processor will 

performboth these operations in order to provide 

safety to the industrial parameters. 

 
(A) 
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(B) 

 

 
( C) 

 

 
(D) 

Fig.10. Real time industrial protection monitoring 

and controlling through cloud 

 

VII. Conclusion: 

The wireless sensor networks are connected with 

the internet with the help of the IoT gateway and 

also ensure the monitoring of the products inside 

cold store rooms. Also this type of application 

helps in checking the temperature and humidity on 

a continuous basis and then resulting instructions 

are sent to the server. Based on which the 

environment inside the store rooms can be 

monitored. This type of system can help in 

Industrial Automation using IoT, with the help of 

which we can take intelligent decisions.  
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                                                   ABSTRACT 

 

       Nowadays many industrial applications have begun to require high power. Some 

appliances in the industries, however, require medium or low power for their operation. 

Using a high power source for all industrial loads may prove beneficial to some motors 

requiring high power, while it may damage the other loads. Some medium voltage motor 

drives and utility applications require medium voltage. The multi-level inverter has been 

introduced since 1975 as an alternative in high power and medium voltage situations. The 

Multilevel inverter is like an inverter and it is used for industrial applications as an 

alternative in high power and medium voltage situations. 

          Multilevel inverter has emerged recently as a very important alternative in the area 

of high-power medium voltage energy control. This project presents cascaded multi cells 

with separate DC sources. Multilevel inverters are promising; they have nearly sinusoidal 

output-voltage waveforms, output with better harmonic profile, less stressing of electronic 

components. The conventional is a single-phase seven-level inverter for grid connected 

photovoltaic systems, with a novel pulse width-modulated (PWM) control scheme .By 

using seven level inverter the harmonics are not reduced to  great extent, so for this reason 

the proposed method is implemented. The proposed inverter system is capable of 

producing nine levels of output voltage levels from the dc supply voltage by using full 

bridge cascaded topology type inverters. This project has used four H-bridge inverters with 

different dc sources. The multi-level inverters promise high performance with reduced 

EMI and harmonics. The proposed project for the nine-level inverter was designed using 

MATLAB/SIMULINK Software. This project is focused on minimizing the number of 

semiconductor devices for a given number of levels. 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

Power electronic converters, especially dc/ac PWM inverters have been extending 

their range  of  use  in  industry  because  they  provide  reduced  energy  consumption,  

better  system efficiency, improved quality of product, good maintenance, and so on. For a 

medium voltage grid, it is troublesome to connect only one power semiconductor switches 

directly. As a result, a multilevel power converter structure has been introduced as  an  

alternative  in  high  power  and  medium  voltage  situations   such  as  laminators,  mills, 

conveyors, pumps, fans, blowers, compressors, and so on. As a cost effective solution,  

multilevel converter not only achieves high power ratings, but also enables the use of  low 

power application in  renewable  energy  sources  such  as  photovoltaic,  wind,  and  fuel  

cells  which  can  be  easily interfaced to a multilevel converter system for a high power 

application.  

The most common initial application of multilevel converters has been in traction, 

both in locomotives and track -side static converters. More recent applications have been 

for power system  converters  for  VAR  compensation  and  stability  enhancement,  active  

filtering, high-voltage  motor  drive,  high-voltage dc transmission,  and most  recently  for 

medium voltage induction motor variable speed drives.  Many multilevel converter 

applications focus on industrial medium-voltage motor drives, utility interface for 

renewable energy systems, flexible AC transmission system (FACTS), and traction drive 

systems. 

The  inverters  in  such  application  areas  as  stated  above  should  be  able  to  

handle  high voltage and large power. For this reason, two -level high-voltage and large-

power inverters have been designed with series connection of switching power devices 

such as gate -turn-off thyristors (GTOs), integrated gate commutated transistors (IGCTs), 

and integrated gate bipolar transistors (IGBTs),  because  the  series  connection  allows  

reaching  much  higher  voltages.  However ,  the series  connection  of  switching  power  

devices  has  big  problems,  namely,  non  equal distribution of applied device voltage 

across series-connected devices that may make the applied voltage of individual devices 

much higher than blocking voltage of the devices during transient and steady-state 

switching operation of devices. As  alternatives  to  effectively  solve  the  above -

mentioned  problems,  several  circuit topologies  of  multilevel  inverter  and  converter  
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have  been  researched  and  utilized. The output voltage of the multilevel inverter has 

many levels synthesized from several DC voltage sources. The quality of the output 

voltage is improved as the number of voltage levels increases, so the quantity of output 

filters can be decreased.  

The concept of multilevel converters has been introduced since 1975. The cascaded 

multilevel inverter was first proposed in 1975.  Separate DC -sourced full-bridge cells are 

placed in series to synthesize a staircase AC output voltage. The term multilevel began 

with the three-level converter.  Subsequently, several multilevel converter topologies have 

been developed.  In 1981, diode-clamped  multilevel  inverter  also  called  the  Neutral -

Point Clamped  (NPC)  inverter  schemes  were  proposed.  In  1992,  capacitor-clamped  

(or  flying capacitor)  multilevel  inverters,  and  in  1996,  cascaded  multilevel  inverters  

were  proposed. Although the cascade multilevel inverter was invented earlier, its 

application did not prevail until the mid 1990s. The advantages of cascade multilevel 

inverters were prominent for motor drives and utility applications. The  cascade  inverter  

has  drawn  great interest  due to  the great  demand  of  medium-voltage  high-power  

inverters. The cascade inverter is also used in regenerative-type motor drive applications. 

Recently, some new topologies of multilevel inverters have emerged.  This  includes  

generalized  multilevel  inverters,  mixed  multilevel inverters,  hybrid  multilevel inverters 

and  soft -switched  multilevel inverters.  

These multilevel inverters can extend rated inverter voltage and power by 

increasing the number of voltage levels. They can also increase equivalent switching 

frequency without the increase of actual  switching  frequency,  thus  reducing  ripple  

component  of  inverter  output  voltage  and electromagnetic interference effects. A 

multilevel converter can be implemented in many different ways.  The  simplest 

techniques  involve  the  parallel  or  series  connection  of  conventional  converters  to  

form  the multilevel  waveforms.  More complex structures effectively insert converters 

within converters.  The voltage or current rating of the multilevel converter becomes a 

multiple of the individual switches, and so the power rating of the converter can exceed the 

limit imposed by the individual switching devices.  

The  elementary  concept  of  a  multilevel  converter  to  achieve  higher  power  is  

to  use  a series  of  power  semiconductor  switches  with  several  lower  voltage  dc  

sources  to  perform  the power  conversion  by  synthesizing  a  staircase  voltage  

waveform.  Capacitors,  batteries,  and renewable  energy  voltage  sources  can  be  used  

as  the  multiple  dc  voltage  sources.  The commutation of the power switches aggregate 
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these multiple dc sources in order to achieve high voltage at the output; however, the rated 

voltage of the power semiconductor switches depends only upon the rating of the dc 

voltage sources to which they are connected. 

A  multilevel  converter  has  several  advantages  over  a  conventional  two -level  

converter that uses high switching frequency pulse width modulation (PWM). The 

attractive features of   a multilevel converter can be briefly summarized as follows. 

 Staircase  waveform  quality:  Multilevel  converters  not  only  can  generate  the  

output voltages  with  very  low  distortion,  but  also  can  reduce  the  dv/dt  

stresses;  therefore electromagnetic compatibility (EMC) problems can be reduced.  

 Common-mode (CM) voltage:  Multilevel converters produce smaller CM voltage 

 Input current: Multilevel converters can draw input current with low distortion.  

 Switching frequency:  Multilevel converters can operate at both fundamental 

switching frequency and high switching frequency PWM. It should be noted that 

lower switching frequency usually means lower switching loss and higher 

efficiency. 

Multilevel converters do have some disadvantages.  One particular disadvantage is the 

greater number of power semiconductor switches needed. Although lower voltage rated 

switches can be utilized in a multilevel converter, each switch requires a related gate drive 

circuit. This may cause the overall system to be more expensive and complex. Abundant  

modulation  techniques  and  control  paradigms  have  been  developed  for multilevel  

converters  such  as  sinusoidal  pulse  width  modulation  (SPWM),  selective  harmonic 

elimination (SHE-PWM), space vector modulation (SVM), and others. In this thesis 

sinusoidal pulse width modulation (SPWM) is used. 

1.2 MULTI LEVEL INVERTERS  

Multilevel Converters has been attracted a large interest in the power industry in 

the recent years. Industry has started to involve in higher power equipment, which already 

reaches megawatt level.  Conventional  power  electronic  converters  are  only able  to  

switch  each  individual put r  output  link  between  two  possible  voltage levels, 

especially those of the internal DC voltage link. The general structure of the multilevel 

converter is to generate a sinusoidal voltage from several levels of voltages which are 

usually obtained from capacitor voltage sources.  

Three different topologies have been projected for multilevel converters:  

 Diode clamped converter;   
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 Flying capacitor converter (Capacitor Clamped) 

 Cascaded converter.  

Several modulation and control strategies have been developed or being  used  for  

multilevel  converters  including  the  following:  Multilevel  sinusoidal pulse  width  

modulation  (PWM),  multilevel  selective  harmonic  elimination,  and space-vector 

modulation (SVM).  

1.3 ADVANTAGES OF MULTILEVEL CONVERTERS 

 They  are  able  to  generate  output  voltages  with  very  low  distortion  and  

lower dv/dt. 

 They are able to bring in input current with very low input distortion.  

 They are able to produce smaller common mode (CM) voltage, therefore, reducing 

the stress in the motoring bearings.  In addition, using complicated modulation 

methods, CM voltages can be eliminated.  

 They can be functioned with a much lower switching frequency. 

The only disadvantage of the multilevel converter is that it required a huge amount 

of semiconductors switches. It should be pointed out that lower voltage rated switches can 

be used in the multilevel converter and as a result the active semiconductor cost is not  

considerably  increased  when  compared  with  the  two  level  cases.   

On  the  other hand,  each  active semiconductor  added  requires  associated  gate  

drive  circuitry  and adds further complication to the converter mechanical layout. Another  

disadvantage  which  is  to  be  mention  is  that  the  small  voltage  steps  are typically 

formed by isolated voltage sources or a bank of series capacitors. Isolated voltage  sources  

may  not  always  be  readily  available  and  series  capacitors  require voltage balance. To 

some extent, the voltage balancing can be addressed by using an uncalled-for switching 

state, which exists due to the high number of semiconductor devices.  Nevertheless, for a 

complete solution to the voltage-balancing problem, another multilevel converter maybe is 

required. A multilevel converter can be implemented in many different ways, each with 

advantages and disadvantages. The simplest techniques which involve the parallel  or  

series  connection  of  conventional  converters  to  form  the  multilevel waveforms.  

Complicated structures actually insert converters within converters.  

Whatever approach is being chosen, the subsequent voltage or current rating of the 

multilevel converter will becomes a multiple of the individual switches, and therefore the  

power  rating  of  the  converter  can  exceed  the  limit  imposed  by  the  individual 
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switching devices. Power-electronic inverters are becoming popular for various industrial 

drives applications. In recent years also high-power and medium-voltage drive applications 

have been installed. To overcome the limited semiconductor voltage and current ratings, 

some kind of series and/or parallel connection will be necessary. Due to their ability to 

synthesize waveforms with a better harmonic spectrum and attain higher voltages, multi-

level inverters are receiving increasing attention in the past few years. The multilevel 

inverter was introduced as a solution to increase the converter operating voltage above the 

voltage limits of classical semiconductors. The multilevel voltage source inverter is 

recently applied in many industrial applications such as ac power supplies, static VAR 

compensators, drive systems, etc. One  of  the  significant  advantages  of  multilevel  

configuration  is  the  harmonic reduction  in  the  output  waveform  without  increasing  

switching  frequency  or decreasing  the  inverter  power  output.  The output  voltage  

waveform  of  a  multilevel inverter  is  composed  of  the  number  of  levels  of  voltages,  

typically  obtained  from capacitor  voltage  sources.  As  the number  of  levels  reach  

infinity,  the  output  THD  (Total  Harmonic  Distortion) approaches zero. The number of 

the achievable voltage levels, however, is limited by voltage unbalance problems, voltage 

clamping requirement, circuit layout, and packaging constraints. Multilevel inverters 

synthesizing a large number of levels have a lot of merits such as improved output 

waveform, a smaller filter size, a lower EMI (Electro Magnetic Interference), and other 

advantages.  The principle advantage of using multilevel inverters is the low harmonic 

distortion obtained due to the multiple voltage levels at the output and reduced stresses on 

the switching devices used.  

1.4MULTILEVEL VOLTAGE CONCEPT  

Recent advances in power electronics have made the multilevel concept practical. In fact,  

the  concept  is  so advantageous  that  several  major  drives  manufacturers  have obtained  

recent  patents  on  multilevel  power  converters  and  associated  switching techniques.  It  

is  evident  that  the  multilevel  concept  will  be  a  prominent  choice  for power  

electronic  systems  in  future  years,  especially  for  medium-voltage  operation. Multi-

level inverters are the modification of basic bridge inverters. They are normally connected 

in series to form stacks of level.  

The topological structure of multilevel inverter must cope with the following points.  

 It should have less switching devices as far as possible.  
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 It should be capable of enduring very high input voltage such as HVDC 

transmission for high power applications.  

 Each switching device should have lower switching frequency owing to multilevel 

approach. 

There are various multilevel concepts used for various applications.  Various multilevel 

circuits are used to generate multiple voltage levels. Some of the multilevel concepts with 

various voltage levels are given below.  

1.4.1 Advantages of Multilevel Voltages:- 

In general, multilevel power converters can be viewed as voltage synthesizers, in 

which the high output voltage is synthesized from many discrete smaller voltage levels. 

The main advantages of this approach are summarized as follows:  

 The voltage capacity of the existing devices can be increased many times without 

the complications of static and dynamic voltage sharing that occur in series-

connected devices.  

 Spectral performance of multilevel waveforms is superior to that of their two- level 

counterparts.  

 Multilevel  waveforms  naturally  limit  the  problems  of  large  voltage  transients  

that occur due to the reflections on cables, which can damage the motor windings 

and cause other problems.  

 In very high power application especially with very high input voltage, traditional 

two-level VSIs could not avoid to sue the series connected semiconductor switches 

so as to cope with limitations of device rating utilized and it may be very 

cumbersome and  even  problematic  mainly  due  to  difficulty  of  device  

matching  deteriorating utilization factor of switching devices. The multilevel 

topology, however, suggests a good solution for such a problem. 

1.5 APPLICATIONS  

 DC power source utilization  

An  inverter  converts  the  DC  electricity  from  sources  such  as batteries, solar  panels, 

or fuel  cells to  AC  electricity.  The electricity can be at any required voltage; in 

particular it can operate AC equipment designed for mains operation, or rectified to 

produce DC at any desired voltage. Grid  tie  inverters can  feed  energy  back  into  the  

distribution  network  because  they produce alternating current with the same wave shape 
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and frequency as supplied by the  distribution  system.  They can also switch off 

automatically in the event of a blackout.  

 Uninterruptible power supplies  

Inverters  convert  low  frequency  main  AC  power  to  a  higher  frequency  for  use in 

induction heating. To do this, AC power is first rectified to provide DC power. The 

inverter then changes the DC power to high frequency AC power‟ 

 HVDC power transmission  

With HVDC power transmission, AC power is rectified and high voltage DC power is 

transmitted to another location.  At the receiving location, an inverter in a static inverter 

plant converts the power back to AC.  

 Variable-frequency drives  

A variable-frequency drive controls the operating speed of an AC motor by controlling the 

frequency and voltage of the power supplied to the motor. An inverter provides the 

controlled power.  In most cases, the variable-frequency drive includes a rectifier so that 

DC power for the inverter can be provided from main AC power. Since  an  inverter  is  the  

key  component,  variable-frequency  drives  are  sometimes called inverter drives or just 

inverters.  

 Electric vehicle drives  

Adjustable  speed  motor  control  inverters  are  currently  used  to  power  the traction 

motors in some electric and diesel-electric rail  vehicles  as  well  as  some battery electric 

vehicles and hybrid electric highway vehicles such as the Toyota Prius. Various  

improvements  in  inverter technology  are  being  developed  specifically  for electric  

vehicle  applications. In vehicles with regenerative braking, the inverter also takes power 

from the motor (now acting as a generator) and stores it in the batteries.  

 Air conditioning  

A transformer allows  AC  power  to  be  converted  to  any  desired  voltage,  but  at  the 

same frequency. Inverters, plus rectifiers for DC, can be designed to convert from any 

voltage, AC or DC, to any other voltage, also AC or DC, at any desired frequency. The 

output power can never exceed the input power, but efficiencies can be high, with a small 

proportion of the power dissipated as waste heat. 
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CHAPTER 2 

LITERATURE SURVEY 

2.1 INTRODUCTION 

In last few years there is growing interest in multilevel topologies, because of many 

possibilities of expanding areas of power electronics use. It can also extend the application 

of power converters to higher voltage and power ratio. Introducing multilevel converters to 

power conditioning, drives, power generation and power distribution small and medium 

voltage (2 to 15kV) applications is very promising idea. 

Multilevel converters synthesize output voltage from more than two voltage levels. 

Thus, the output signals spectrum is significantly improved in comparison to classical two 

level converters. The main drawback of multiphase multilevel converters is number of 

switches which are growing when number of levels is increasing. Other drawback of those 

converters is requirement of multiple DC voltage sources, mainly provided by capacitors. 

Balancing voltage sources during operation under different load conditions is an important 

challenge. In spite of these drawbacks, introducing multilevel converters will decrease 

switching losses (smaller voltage on the power device) in comparison with two level 

appliances, allowing increasing switching frequency and as consequence decrease 

requirements for reactive components. This, in turn, results in converter weight, dimension 

and cost reduction. 

2.2 INVERTERS 

 Recent advances in the power-handling capabilities of static switch devices such as 

IGBTs with voltage rating up to 4.5 kV commercially available, has made the use of the 

voltage source inverters (VSI) feasible for high-power applications. High power and high-

voltage conversion systems have become very important issues for the power electronic 

industry handling the large ac drive and electrical power applications at both the 

transmission and distribution levels. For these reasons, a new family of multilevel inverters 

has emerged as the solution for working with higher voltage levels. Multilevel inverters 

include an array of power semiconductors and capacitor voltage sources, the output of 

which generate voltages with stepped waveforms.  Capacitors, batteries, and renewable 

energy voltage sources can be used as the multiple dc voltage sources. The commutation of 

the power switches aggregate these multiple dc sources in order to achieve high voltage at 

the output; however, the rated voltage of the power semiconductor switches depends only 

upon the rating of the dc voltage sources to which they are connected. 
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 Switch-mode dc-to-ac inverters used in ac power supplies and ac motor drives 

where the objective is to produce a sinusoidal ac output whose magnitude and frequency 

can both be controlled. Practically, we use an inverter in both single-phase and three phase 

ac systems. A half-bridge is the simplest topology, which is used to produce a two level 

square-wave output waveform. A center-tapped voltage source supply is needed in such a 

topology. It may be possible to use a simple supply with two well-matched capacitors in 

series to provide the center tap. Today, multilevel inverters are extensively used in high-

power applications with medium voltage levels. The field applications include use in 

laminators, mills, conveyors, pumps, fans, blowers, compressors, and so on. 

 

Fig 2.1 Classification of inverters 

2.3 TWO LEVEL INVERTER  

“H” topology has many redundant combinations of switches’ positions to produce 

the same voltage levels. As an example, the level “zero” can be generated with switches in 

position S(1) and S(2), or S(3) and S(4), or S(5) and S(6), and so on. 

Another characteristic of “H” converters is that they only produce an odd number 

of levels, which ensures the existence of the “0V” level at the load .For example, a 51-

level inverter using an “H” configuration with transistor-clamped topology requires 52 

transistors, but only 25 power supplies instead of the 50 required when using a single leg. 

Therefore, the problem related to increasing the number of levels and reducing the size and 

complexity has been partially solved, since power supplies have been reduced to 50%.The 

ac terminal voltages of each bridge are connected in series. Unlike the diode clamp or 

flying capacitors inverter, the cascaded inverter does not require any voltage-clamping 

diodes or voltage balancing capacitors. 
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This configuration is useful for constant frequency applications such as active 

front-end rectifiers, active power filters, and reactive power compensation. In this case, the 

power supply could also be voltage regulated dc capacitor. The circuit diagram consists of 

two cascade bridges. The load is connected in such a way that the sum of output of these 

bridges will appear across it. The ratio of the power supplies between the auxiliary bridge 

and the main bridge is 1:3. One important characteristic of multilevel converters using 

voltage escalation is that electric power distribution and switching frequency present 

advantages for the implementation of these topologies.              

 The full-bridge topology is used to synthesize a three-level square-wave output 

waveform. The half-bridge and full-bridge configurations of the single-phase voltage 

source inverter are shown in Fig. 2.2 and 2.3, respectively. 

  In a single-phase half-bridge inverter, only two switches are needed. To avoid 

shoot-through fault, both switches are never turned on at the same time. S1 is turned on and 

S2 is turned off to give a load voltage, VAO in Fig. 2.2, of  +V s/2. To complete one cycle, 

S1 is turned off and S2 is turned on to give a load voltage, VAO, of -V s/2. 

LoadVs
0 A

S1

S2

Vs/2

Vs/2

 

Fig2.2: Half Bridge Inverter 

Load

A

S1 S2

S3 S4

Is

IL

Vs B

 

Fig2.3: Full Bridge Inverter 
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.  In full bridge configuration, turning on S1 and S4 and turning off S2 and S3 give 

a voltage of VS between point A and B (VAB) in Fig. 2.3, while turning off S1 and S4 and 

turning on S2 and S3 give a voltage of -Vs . 

Table 2.1: Switching pattern of 3 level full bridge inverter 

Conducing Switches Load Voltage VAB 

S1,S4 +Vs 

S1,S4 -Vs 

       S1,S4 orS1,S4 0 

Table 2.1Shows the voltage levels and their corresponding switching state conditionto 

generate zero level in a full-bridge inverter, the combination can be S1 and S2 on while S3 

and S4 off or vice versa. Note that S1 and S3 should not be closed at the same time, nor 

should S2 and S4. Otherwise, a short circuit would exist across the dc source.  

The output waveform of half bridge and full-bridge of single-phase voltage source 

inverter are shown in Fig. 2.4 and 2.5respectively. 

Vs

VAO

2

Vs

2

t

 

Fig 2.4 shows the output wave form of half bridge to get positive half cycle 

S1 is turned on and S2 is turned off to give a load voltage, VAO of  +V s/2.To complete one 

cycle, S1 is turned off and S2 is turned on to give a load voltage, VAO, of -V s/2. 

 



Harmonic elimination with nine level inverter for single phase grid connected system 

 

Dept of EEE                                                            12 
 

Vs

VAB

Vs

t

 

Fig 2.5Output waveform of Full Bridge Inverter to get positive half cycle  

S1 will be in on state and S4 will be in off state to give a load voltage,VAO  or vice versa 

2.4 MULTILEVEL INVERTER 

A voltage level of three is considered to be the smallest number in multilevel 

converter topologies. Due to the bi-directional switches, the multilevel VSC can work in 

both rectifier and inverter modes. This is why most of the time it is referred to as a 

converter instead of an inverter in this dissertation. A multilevel converter can switch 

either its input or output nodes (or both) between multiple (more than two) levels of 

voltage or current. As the number of levels reaches infinity, the output THD approaches 

zero. The number of the achievable voltage levels, however, is limited by voltage-

imbalance problems, voltage clamping requirements, circuit layout and packaging 

constraints complexity of the controller, and, of course, capital and maintenance costs.  

Three different major multilevel converter structures have been applied in 

industrial applications: cascaded H-bridges converter with separate dc sources, diode 

clamped, and flying capacitors. The multilevel inverter structures are the main focus of 

discussion in this chapter; however, the illustrated structures can be implemented for 

rectifying operation as well. Although each type of multilevel converters share the 

advantages of multilevel voltage source inverters, they may be suitable for specific 

application due to their structures and drawbacks. Operation and structure of some 

important type of multilevel converters are discussed in the following sections.  

In a multilevel VSI, the dc-link voltage Vdc is obtained from any equipment which 

can yield stable dc source. Series connected capacitors constitute energy tank for the 

inverter providing some nodes to which multilevel inverter can be connected. Primarily, 
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the series connected capacitors will be assumed to be any voltage sources of the same 

value. Each capacitor voltage Vcis given by 

Vc=Vdc/ (n-1)   (2.1) 

Where n denotes the number of level Fig 2.6shows a schematic diagram of one 

phase leg of inverters with different number of levels, for which the action of the power 

semiconductors is represented by an ideal switch with several positions. A two-level 

inverter generates an output voltage with two values (levels) with respect to the negative 

terminal of the capacitor, while the three-level inverter generates three voltages, and so on.  

 

Fig. 2.6 One phase leg of an inverter with (a) two levels (b) three levels and (c) n levels 

The term multilevel starts with the three-level inverter introduced by Nabae. By increasing 

the number of levels in the inverter, the output voltages have more steps generating a 

staircase waveform, which has a reduced harmonic distortion. However, a high number of 

levels increases the control complexity and introduces voltage imbalance problems.  

An inverter is a device that converts dc input power to ac output power at desired 

output of voltage and frequency.A multilevel converter has several advantages over a 

conventional two-level converter that uses high switching frequency pulse width 

modulation (PWM). The attractive features of a multilevel converter can be briefly 

summarized as follows.  

● Staircase waveform quality: Multilevel converters not only can generate the output 

voltages with very low distortion, but also can reduce the dv/dt stresses; therefore 

electromagnetic compatibility (EMC) problems can be reduced.  
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● Common-mode (CM) voltage: Multilevel converters produce smaller CM voltage; 

therefore, the stress in the bearings of a motor connected to a multilevel motor drive can be 

reduced. Furthermore, CM voltage can be eliminated by using advanced modulation 

strategies such as that proposed in. 

● Input current: Multilevel converters can draw input current with low distortion.  

● Switching frequency: Multilevel converters can operate at both fundamental switching 

frequency and high switching frequency PWM. It should be noted that lower switching 

frequency usually means lower switching loss and higher efficiency.  

Unfortunately, multilevel converters do have some disadvantages. One particular 

disadvantage is the greater number of power semiconductor switches needed Moreover, 

three different major multilevel converter structures have been reported in the literature: 

cascaded H-bridges converter with separate dc sources, diode clamped (neutral-clamped), 

and flying capacitors (capacitor clamped). Moreover, abundant modulation techniques and 

control paradigms have been developed for multilevel converters such as sinusoidal pulse 

width modulation (SPWM), selective harmonic elimination (SHE-PWM), space vector 

modulation (SVM), and others. In addition, many multilevel converter applications focus 

on industrial medium-voltage motor drives, utility interface for renewable energy systems, 

flexible AC transmission system (FACTS), and traction drive systems. 

As previously mentioned, three different major multilevel converter structures have 

been applied in industrial applications: cascaded H-bridges converter with separate dc 

sources, diode clamped, and flying capacitors. Before continuing discussion in this topic, it 

should be noted that the term multilevel converter is utilized to refer to a power electronic 

circuit that could operate in an inverter or rectifier mode. The multilevel inverter structures 

are the focus of in this chapter; however, the illustrated structures can be implemented for 

rectifying operation as well.  

Advantages of multilevel inverters 

 In High power circuits if you switch at high frequency switching losses are high. 

 Particularly in Low power & low voltage circuits MOSFET are used.  

 In MOSFET the conductions losses 70% of total losses and switching losses are 30 % 

of total losses.  

 So switching the MOSFET at high switching frequency not affects the total losses 

much. 

 In case of High power high voltage circuits IGBT’s are used. 
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 In IGBT’s the conduction losses 50 % of total loss and switching losses are 50 % of 

total loss. So if you switch at high frequency the efficiency of the system reduces.  

 SO in High power High frequency PWM is not suitable, so we need to use multilevel 

inverter for high power application. 

The most attractive features of multilevel inverters are as follows. 

 They can generate output voltages with extremely low distortion and lower dv/dt. 

 They draw input current with very low distortion. 

 They generate smaller common-mode (CM) voltage, thus reducing the stress in the 

motor bearings. In addition, using sophisticated modulation methods, CM voltages 

can be eliminated.  

 They can operate with a lower switching frequency. 

2.5 TYPES OF MULTILEVEL INVERTER 

 

                       Fig 2.7 Classification of Multilevel Inverters 

In General, the multilevel inverters are classified as Single DC source and Multiple 

DC sources or Several Separate DC Sources (SDCS).Both the Diode Clamped Multilevel 

Inverter and the Flying Capacitor inverter comes under the category of Single DC source 

where the input supply is taken from a single DC source.  

2.5.1Diode-Clamped Multilevel Inverter: 

          The most commonly used multilevel topology is the diode clamped inverter, in 

which the diode is used as the clamping device to clamp the dc bus voltage so as to 

achieve steps in the output voltage. The neutral point converter proposed by Nabae, 

Takahashi, and Akagi in 1981 was essentially a three-level diode-clamped inverter. A 
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three-level diode clamped inverter consists of two pairs of switches and two diodes. Each 

switch pairs works in complimentary mode and the diodes used to provide access to mid-

point voltage. In a three-level inverter each of the three phases of the inverter shares a 

common dc bus, which has been subdivided by two capacitors into three levels.  

The DC bus voltage is split into three voltage levels by using two series 

connections of DC capacitors,C1 and C2. The voltage stress across each switching device is 

limited to Vdc through the clamping diodes Dc1 and Dc2. It is assumed that the total dc link 

voltage is Vdc and mid point is regulated at half of the dc link voltage, the voltage across 

each capacitor is Vdc/2 (Vc1=Vc2=Vdc/2). In a three level diode clamped inverter, there are 

three different possible switching states which apply the stair case voltage on output 

voltage relating to DC link capacitor voltage rate. For a three-level inverter, a set of two 

switches is on at any given time and in a five-level inverter, a set of four switches is on at 

any given time and so on. Fig 2.8 shows the circuit for a diode clamped inverter for a 

three-level and a five-level inverter 

S1

Vdc

Vdc/2

C1

C2

D1

D1'

S2

S1'

S2'

a
n

-Vdc/2 0
 

(a) 
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D1

D2

D1'

Vdc

Vdc

4

4

S2

S3

S4

S1'

S2'

S3'

S4'

an

D2'

D3

D3'

0
 

(b) 

Fig 2.8: Topology of the diode-clamped inverter (a) three-level inverter, (b) five -level inverter 

Table 2.2: Switching pattern of 3 levels Diode clamped MLI 

 

Table 2.2 shows the voltage level and switching  state conditions of 3- levels diode 

clamped multilevel inverter to generate +vdc/2 S1 is on state and S2 and S1’ and S2’ is in 

off state and vice versa 

 Fig 2.9 shows the phase voltage and line voltage of the three-level inverter in the 

balanced condition. The line voltage Vab consists of a phase-leg a voltage and a phase-leg 

b voltage. The resulting line voltage is a 5-level staircase waveform for three-level inverter 

and 9-level staircase waveform for a five-level inverter. This means that an N-level diode-
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clamped inverter has an N-level output phase voltage and a (2N-1)-level output line 

voltage. In general the voltage across each capacitor for an N level diode clamped inverter 

at steady state is Vdc/ (N-1). Although each active switching device is required to block only a 

voltage level of Vdc, the clamping diodes require different ratings for reverse voltage 

blocking. 

 

Fig: 2.9 Output voltage in three-level diode- clamped inverter (a) leg voltage (b) output phase voltage 

In general for an N level diode clamped inverter, for each leg 2(N-1) switching 

devices, (N-1) * (N-2) clamping diodes and (N-1) dc link capacitors are required. By 

increasing the number of voltage levels the quality of the output voltage is improved and 

the voltage waveform becomes closer to sinusoidal waveform. However, capacitor voltage 

balancing will be the critical issue in high level inverters. When N is sufficiently high, the 

number of diodes and the number of switching devices will increase and make the system 

impracticable to implement. If the inverter runs under pulse width modulation (PWM), the 

diode reverse recovery of these clamping diodes becomes the major design challenge. 

Features 

 High-Voltage Rating Required for Blocking Diodes. Although each active 

switching device is  only required to block a voltage level of Vdc/(m - l), the 

clamping diodes 

Advantages:  

 All of the phases share a common dc bus, which minimizes the capacitance 

requirements of the converter. For this reason, a back-to-back topology is not 

only possible but also practical for uses such as a high-voltage back-to-back 

inter-connection or an adjustable speed drive.  

 The capacitors can be pre-charged as a group.  
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 Efficiency is high for fundamental frequency switching. 

Disadvantages:  

 Real power flow is difficult for a single inverter because the intermediate dc 

levels will tend to overcharge or discharge without precise monitoring and 

control.  

 The number of clamping diodes required is quadratically related to the number 

of levels, which can be cumbersome for units with a high number of levels.  

2.5.2 Flying-capacitor Multilevel Inverter (FCMI): 

A FCMI shown in Fig. 2.10 uses a ladder structure of dc side capacitors where the 

voltage on each capacitor differs from that of the next capacitor. To generate m-level 

staircase output voltage,  m-1 capacitors in the dc bus are needed. Each phase-leg has an 

identical structure. The size of the voltage increment between two capacitors determines 

the size of the voltage levels in the output waveform. 

Sa1

Vdc

Vdc/2

-Vdc/2

V1

V2

V3

V4

C4

C3

C2

C1
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Ca3

Ca2

Ca2

Ca1

Sa2

Sa3

Sa4

Sa1'

Sa2'

Sa3'

Sa4'

Da1

Da2

Da3

Da4

Da1'

Da2'

Da3'

Da4'
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Fig2.10: Five level Flying capacitor MLI 

In fact, there is more than one combination to produce output voltages V2, V3, and 

V4. That makes the FCMI more flexibility than DCMI. Table 3, however, shows only one 

possible combination. 
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Table 2.3 Switching States of Five level Capacitor MLI 

 

Output VAO 

Switch state 

Sa1 Sa2 Sa3 Sa4 Sa1’ Sa2’ Sa3’ Sa4’ 

V5=Vdc 1 1 1 1 0 0 0 0 

V4=3Vdc /4 1 1 1 0 1 0 0 0 

V3=Vdc/2 1 1 0 0 1 1 0 0 

V2=Vdc/4 1 0 0 0 1 1 1 0 

V1=0. 0 0 0 0 1 1 1 1 

 

In table 2.3 the switching states of the Five level Flying capacitor multilevel inverter. In 

this five levels are 0, Vdc,Vdc/4, Vdc/2,3Vdc/4 and Vdc switching state on position is “1” off 

position is “0”. 

Advantages 

Compared to the diode-clamped inverter, this topology has several unique and attractive 

features as described below: 

 Added clamping diodes are not needed.  

 It has switching redundancy within the phase, which can be used to balance the 

flying capacitors so that only one dc source is needed.  

 The required number of voltage levels can be achieved without the use of the 

transformer. This assists in reducing the cost of the converter and again reduces 

power loss.  

 Unlike the diode clamped structure where the series string of capacitors share the 

same voltage, in the capacitor-clamped voltage source converter the capacitors 

within a phase leg are charged to different voltage levels.  

 Real and reactive power flow can be controlled.  

 The large number of capacitors enables the inverter to ride through short duration 

outages and deep voltage sags.  

Disadvantages  

 Converter initialization i.e., before the converter can be modulated by any 

modulation scheme the capacitors must be set up with the required voltage level as 

the initial charge. This complicates the modulation process and becomes a 

hindrance to the operation of the converter.  
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 Control is complicated to track the voltage levels for all of the capacitors.  

 Recharging all of the capacitors to the same voltage level and start up are complex.  

 Switching utilization and efficiency are poor for real power transmission.  

 Since the capacitors have large fractions of the dc bus voltage across them, rating 

of the capacitors are a design challenge.  

 The large numbers of capacitors are both more expensive and bulky than clamping 

diodes in multilevel diode-clamped converters.  

 Packaging is also more difficult in inverters with a high number of levels.  

2.5.3 Cascaded H-Bridge multilevel Inverter: 

       The cascaded H-bridge multilevel Inverter uses separate dc sources (SDCSs). 

The multilevel inverter using cascaded-inverter with SDCSs synthesizes a desired voltage 

from several independent sources of dc voltages, which may be obtained from batteries, 

fuel cells, or solar cells. This configuration recently becomes very popular in ac power 

supply and adjustable speed drive applications. This new inverter can avoid extra clamping 

diodes or voltage balancing capacitors. Again, the cascaded multilevel inverters are 

classified depending the type of DC sources used throughout the input.  

In fig 2.11 shows the single-phase structure of an m-level cascaded inverter is each 

separate dc source (SDCS) is connected to a single-phase full-bridge, or H-bridge, inverter. 

Each inverter level can generate three different voltage outputs, +V
dc

, 0, and –V
dc 

by 

connecting the dc source to the ac output by different combinations of the four switches, 

S
1
, S

2
, S

3
, and S

4
. To obtain +V

dc
, switches S

1 
and S

4 
are turned on, whereas –V

dc 
can be 

obtained by turning on switches S
2 

and S
3
. By turning on S

1 
and S

2 
or S

3 
and S

4
, the output 

voltage is 0. The ac outputs of each of the different full-bridge inverter levels are 

connected in series such that the synthesized voltage waveform is the sum of the inverter 

outputs. 

One more alternative for a multilevel inverter is the cascaded multilevel inverter or 

series H-bridge inverter. The series H-bridge inverter appeared in 1975. Cascaded 

multilevel inverter was not fully realized until two researchers, Lai and Peng. They 

patented it and presented its various advantages in 1997. Since then, the CMI has been 

utilized in a wide range of applications. With its modularity and flexibility, the CMI shows 

superiority in high-power applications, especially shunt and series connected FACTS 

controllers. The CMI synthesizes its output nearly sinusoidal voltage waveforms by 

combining many isolated voltage levels. 
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Fig 2.11: Single phase structures of Cascaded inverter (a) 3-level, (b)5-level, (c) 7-level 

By adding more H-bridge converters, the amount of Var can simply increase without 

redesign the power stage, and build-in redundancy against individual H-bridge converter 

failure can be realized. 

 A series of single-phase full bridges makes up a phase for the inverter. A three-

phase CMI topology is essentially composed of three identical phase legs of the series-

chain of H-bridge converters, which can possibly generate different output voltage 

waveforms and offers the potential for AC system phase-balancing. This feature is 

impossible in other VSC topologies utilizing a common DC link. Since this topology 

consists of series power conversion cells, the voltage and power level may be easily 

scaled. The dc link supply for each full bridge converter is provided separately, and this is 

typically achieved using diode rectifiers fed from isolated secondary windings of a three-

phase transformer. Phase-shifted transformers can supply the cells in medium-voltage 

systems in order to provide high power quality at the utility connection. 

2.5.4 Symmetrical Cascaded H-Bridge multilevel Inverter: 

    If all the input sources are of equal magnitude, it is known as Symmetrical H-

Bridge inverter as shown in fig 2.12and the switching sequence is given in table 4 .Here 

both the full bridge inverters are fed with different sources of equal magnitude. 
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Fig 2.12: Symmetrical five level Cascaded H-Bridge inverter 

 In fig 2.12 each SDCS of equal magnitude is associated with a single-phase 

full-bridge inverter. The ac terminal voltages of different level inverters are connected in 

series. By different combinations of the four switches, S1-S4, each inverter level can 

generate three different voltage outputs, +Vdc, -Vdc, and zero. The ac output of each of the 

different level of full-bridge inverters are connected in series such that the synthesized 

voltage waveform is the sum of the inverter outputs. In this topology, the number of output 

phase voltage levels is defined by m = 2s+1, where s is the number of dc sources.5-level 

cascaded-inverters will have two SDCSs and two full-bridge cells.  

Table 2.4: Switching states of Symmetrical five level cascaded H-Bridge inverter 

Switches ON Voltage level 

S1, S2, S5 and D7 Vdc/2 

S1, S2, S6and S5 Vdc 

S1, S2, S6 and D8 Vdc/2 

S1, D3, S6 and D8 0 

S3, S4, S6 and D8 -Vdc/2 

S3, S4, S7 and S8 -Vdc 

S3, S4, D6 and S8 -Vdc/2 

S1, S3, D6 and S8 0 
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Table 2.4 shows the switching table for the five level cascaded inverter. Here, 2 Full 

Bridges are used and are cascaded to each other. The Switches S1, S2, S3,and  S4  are from 

upper H-Bridge and Switches S5 S6 S7 and S8 are from lower H-Bridge .By giving correct 

switching patter n ,we get 5 voltage levels i.e 2Vdc,Vdc,0,-2Vdc,- Vdc, S1,S2,S5,D7 are on .To 

get 2Vdc, S1,S2,S6,S5 are kept on . 

 

 

Fig 2.13 Output waveform of Symmetrical Cascaded H-Bridge multilevel Inverter 

2.5.5 Asymmetrical Cascaded H-Bridge multilevel Inverter: 

  The cascaded H-Bridge multilevel inverter with two SDCS with unequal 

magnitude is known as Asymmetrical Cascaded H-Bridge multilevel Inverter. The 

following is fig 2.14 of Asymmetrical Cascaded H-Bridge multilevel Inverter where it is 

having 2 unequal DC sources +2Vdc/3 and +Vdc/3.   

R  phase

2Vdc/3

Vdc/3

S1 S3

S4 S2

S5 S7

S8
S6

 

Fig.2.14 Asymmetrical Cascaded H-Bridge multilevel Inverter 

Vdc 
Vdc/2 

0 

-Vdc/2 

-Vdc 
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 By using this type of Asymmetrical configuration, for a ‘n’ bridge inverter we 

can get 3n+1 voltage levels and n Capacitors of each  ratingnVdc/(n+1), Vdc/(n+1) to get Vdc 

max and 6n switches of  each voltage rating is Vdc/(n+1).The following is the switching table 

of  Asymmetrical Cascaded H-Bridge multilevel Inverter 

Table 2.5: Switching states of Asymmetrical five level cascaded H-Bridge inverter 

Switches ON Voltage level 

S4, S2, S5 and S6 Vdc/3 

S1, S2, S8 and S6 2Vdc/3 

S1, S2, S5and S6 Vdc 

S4, S2, S7 and S8 -Vdc/3 

S3, S4, S6 and S8 -2Vdc/3 

S3, S4, S7 and S8 -Vdc 

S4, S2, S8 and S6 0 

In table 2.5 the switching states of the seven level Asymmetrical Cascaded H-Bridge 

multilevel Inverter. In this seven levels are 0, Vdc,Vdc/3, 2Vdc/3, -Vdc/3 and –2Vdc/3, Vdc 

switching state on position is “1” off position is “0”. 
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CHAPTER 3 

PROPOSED METHOD 

3.1 INTRODUCTION 

 Since past few year power consumers like industrial and commercial consumers 

face numerous power quality problems. Among them are harmonics and unbalances which 

are of great interest. Voltage quality get deteriorate with tremendous increase of nonlinear 

loads connected at distribution level. The primary target of grid-connected generation is to 

guarantee grid-connected current with the same frequency and phase with grid voltage 

with the minimal total harmonic distortion (THD)[1-2]. 

In recent years, the multilevel voltage inverter has received wide attention in 

research and high-power applications such as large induction motor drives, UPS systems 

and flexible AC transmission systems and single phase grid connected systems. As 

compared to traditional two-level inverters, the multilevel inverters have more advantages, 

such as lower semiconductor voltage stress, better harmonic performance, low 

electromagnetic interference and lower switching losses[2]. The common topology of this 

inverter is full-bridge three level. The need of multilevel inverter is to give a high output 

power from medium voltage source like batteries, super capacitors, solar panel. Multilevel 

inverters are promising; they have nearly sinusoidal output-voltage waveform. It also 

reduces the harmonics of output current. As compared to conventional two-level inverter 

multilevel inverter has less switching losses, less stress on electronic components due to 

decrease in voltage, a smaller filter size, and lower electromagnetic interference(EMI), all 

of which make them cheaper, lighter and more compact[4-6]. 

The multi level inverter consists of several switches. In the multi level inverter the 

arrangement switches angles are very important. To synchronize the inverter frequency 

with grid frequency closed loop control action is carried out[8-1O].This paper presents the 

cascaded H-bridge multilevel inverters for single phase grid connected system and their 

effects on grid current. Any carrier based PWM is applicable for cascaded H-bridge 

(CHB). The working of CHB with phase shifted modulation is explained in this paper. The 

paper is organized as follows. Section II explains Cascaded H-bridge seven-level inverter. 

Section III explains the control strategy and Section IV presents the simulation results with 

harmonic analysis. Section V summaries the result. 
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3.2 CASCADED H-BRIDGE MULTILEVEL INVERTER 

 Cascaded H-bridge (CHB) multilevel inverter is one of the popular topology for 

converter used in high power medium voltage drives. It contains multiple units of single 

phase H-bridge power cells. The H-bridge cells are normally connected in cascaded on its 

ac side to achieve low harmonic distortion and medium voltage operation. In practice, the 

number of power cells in a CHB inverter is mainly determines by its operating voltage and 

the cost required for manufacturing. The CHB multilevel inverter requires a number of 

isolated dc supplies each of which feeds an H-bridge power cell [3]. The number of 

voltage levels in a CHB inverter can be found from  

       (1) 

Where H is the number of cells per phase leg in H-bridge for the CHB inverter, voltage 

level m is always an odd number while in other multilevel topologies like diode-clamped 

inverters it can have either an even or odd number of levels. Any carrier based PWM 

schemes can be used for CHB inverter. The carrier based modulation schemes for 

multilevel inverter can be classified in two categories as follows 

3.2.1 Level shifted multicarrier modulation: 

The level shifted modulation scheme requires (m-I) triangular carriers for m level 

CHB inverter, all the carriers have the same frequency and the same amplitude. The (m-I) 

triangular carriers are vertically placed such that the bands forms by the carriers are 

contiguous. Following figure shows three schemes for the level shifted multicarrier 

modulation.  

 in-phase disposition (IPD), where all carriers are in phase 

 alternative phase opposite disposition(APOD), where all carriers are 

alternatively in opposite disposition  

 phase opposite disposition(POD),where all carriers above the zero reference 

are in phase but in opposition with those below the zero reference. 
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(A) IPD 

 

(B) APOD 

 

(C) POD 

Fig 3.1 Level shifted PWM 
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The frequency modulation index is given by 

      (2) 

Which remains the same as that for the phase shifted modulation scheme whereas the 

amplitude modulation index is defined as 

      (3) 

Where Vm is peak amplitude of the modulating wave Vm and Vcr is the peak amplitude of 

each carrier wave. 

3.2.2 Phase shifted multicarrier modulation:  

 In general, a multilevel inverter with m voltage levels requires (m-l) triangular 

carriers. In the phase shifted multicarrier modulation, all the triangular carriers have the 

same frequency and the same peak to peak amplitude, but there is a phase shift between 

any two adjacent carrier waves, given by 

      (4) 

The modulating signal is usually a three phase sinusoidal wave with adjustable 

amplitude and frequency. The gate signals are generated by comparing the modulating 

wave with carrier waves. 

 

Fig 3.2 Phase shift PWM for seven-level inverter 

The principle of the phase-shifted modulation for a seven level CHB inverter is shown in 

fig 3.2, where six triangular carriers are required with a 60° phase displacement (using 

equation (4)) between any two adjacent carriers. Modulating wave VMA is used. The 

carriers Veri, Vcr2, and Vcr3 are used to generate gating for the upper switches QI, Qs, 
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and Q9 in the left legs of power cells HI, H2 and H3 as shown in fig 3., respectively. The 

other three carriers, Vcrl-, Vcr2-, and Vcr3- , which are 1800 out of phase with Veri, Vcr2, 

and Vcr3, respectively, produce the gating for the upper switches Q2, Q6 and QIO in the 

right legs of the H- bridge cells. The gate signals for all the lower switches in the H-bridge 

legs are not shown since these switches operate in a complementary manner with respect 

to their corresponding switches [3]. The amplitude modulation index for phase shifted 

PWM as given in equation (5) is different than level shifted PWM. It does not depend on 

number of levels. 

      (5) 

Switching table for cascaded H-bridge seven-level inverter is as shown Table I 

 

Basically separate PY panels can be used for delivering power to each unit of multilevel 

inverter in practical applications. 

3.3 CONTROL STRATEGY 

 To deliver energy to the grid, the frequency and phase of the inverter must equal 

those of the grid; therefore, a grid synchronization method is needed. To synchronize the 

grid frequency with the supply frequency the control action is carried out which is shown 

in fig below. 
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Fig 3.3 Circuit diagram of Cascaded Seven level Inverter for single phase  Grid Connected System 

In this Phase locked loop (PLL) is used to synchronize the grid frequency with the supply 

frequency which makes the grid voltage and grid current are in phase with each other as 

shown in simulation result section. The L f is the current limiting filter to limit the grid 

current. The current limiting inductor L f is given by 

      (6) 

Where VDC is the DC voltage of the inverter, Is", is switching frequency of the inductor 

and MLmax is ripple current of the inductor. 

The feedback current controller is used for this application. In this PI algorithm, Ire fis 

generated by comparing grid voltage with the reference voltage The current injected into 

the grid known as grid current Ignd, was sensed and fed back to a comparator that 

compared it with the reference current. The error from the comparison process of 19nd and 

Igridref was fed into the PI controller. The output of the PI controller, also known as Vref, 

being compared with the triangular wave to produce the switching signals for Q,-Q'2. 
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CHAPTER 4  

NINE LEVEL MULTI LEVEL INVERTER 

 

4.1 INTRODUCTION 

The problem of harmonic distortion in the case of conventional two level inverters 

can be reduced using multilevel inverters. Multilevel inverters has the advantages such as 

they have nearly sinusoidal output voltage waveforms, output current with better harmonic 

profile, less stress of electronic components owing to decreased voltages, switching losses 

that are lower than those of conventional two-level inverters, a smaller filter size and lower 

EMI, all of which make them cheaper, lighter and more compact. The different types of 

multilevel inverter are Neutral Point Clamped (NPC) or Diode clamped, Flying (FC) and 

Cascaded H-bridge (CHB) multilevel inverter. Among these the H-bridge multilevel 

topologies are the most attractive as they got a higher level of output voltage for the same 

number of power devices [1]-[2].  

The aim is to increase the level number of level number for the H-bridge multilevel 

topologies, such that the harmonic contents can be reduced as much as possible while 

keeping low switching frequency and switching losses. Owing to its modular structure it 

can be stacked easily for high voltage and high power applications. Several identical H-

bridge cells are cascaded in series as per the requirement constitute a cascaded H bridge. 

Cascaded H bridge (CHB) multilevel inverter is suitable for photovoltaic systems [3]-[5] 

.Cascaded H bridge can be further classified as symmetrical and asymmetrical bridge 

inverters. For a symmetric inverter the input DC voltage is equal in all the cascaded power 

cells and is unequal for asymmetrical CHB. In terms of modularity, maintenance and cost 

the symmetrical CHB is more advantageous. In case of the asymmetrical CHB input DC 

voltage is varied in each power as per the requirement to increase the voltage levels. In this 

paper a new configuration of the transistor clamped H-Bridge based 9-level multilevel 

inverter is proposed which produces a nine-level output voltage. 

4.2 CASCADE MULTILEVEL INVERTER 

The cascade multilevel inverter consists of a number of H-bridge inverter units 

with separate dc source for each unit and is connected in cascade or series Each H-bridge 

can produce three different voltage levels: +Vdc, 0 and –Vdc by connecting the dc source 

to ac output side by different combinations of the four switches S1, S2, S3, and S4. The ac 
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output of each H-bridge is connected in series such that the synthesized output voltage 

waveform is the sum of all of the individual H-bridge outputs. By connecting sufficient 

number of H-bridges in cascade and using proper modulation scheme, a nearly sinusoidal 

output voltage waveform can be synthesized 

 

 

Fig 4.1 Single-phase cascade multilevel inverter topology 

 

The number of levels in the output phase voltage and line voltage are 2s+1 and 4s+1 

respectively, where s is the number of H-bridges used per phase. For example, three H-

bridges, five H-bridges and seven H-bridges per phase are required for 7-level, 9-level and 

multilevel inverter respectively. a typical waveform produced by 7-level CMLI. The 

magnitude of the ac output phase voltage is the sum of the voltages produced by H-

bridges. 
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4.3 NINE LEVEL MULTI LEVEL INVERTER 

 

Fig 4.2 Block diagram of nine level inverter 

 

Table 4.1: switching pattern for nine level inverter 
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Fig 4.3 output voltage Waveform for nine level inverter 

 

 

4.3.1Features of CMLI 

For real power conversions, (ac to dc and dc to ac), the cascaded-inverter needs 

separate dc sources. The structure of separate dc sources is well suited for various 

renewable energy sources such as fuel cell, photovoltaic, and biomass, etc. Connecting 

separated dc sources between two converters in a back-to-back fashion is not possible 

because a short circuit will be introduced when two back-to-back converters are not 

switching synchronously. In summary, advantages and disadvantages of the cascaded 

inverter based multilevel voltage source converter can be listed below. 
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4.3.2 Advantages and Disadvantages of CMLI. 

Advantages 

 The regulation of the DC buses is simple, Inverter Structure.  

 Modularity of control can be achieved. Unlike the diode clamped and capacitor 

clamped inverter where the individual phase legs must be modulated by a central 

controller, the full-bridge inverters of a cascaded structure can be modulated 

separately.  

 Requires the least number of components among all multilevel converters to 

achieve the same number of voltage levels.  

 Soft-switching can be used in this structure to avoid bulky and loss resistor 

capacitor diode snubber. 

Disadvantages 

 Communication between the full-bridges is required to achieve the synchronization 

of reference and the carrier waveforms.  

 Needs separate dc sources for real power conversions, and thus its applications are 

somewhat limited 

Conclusion 

The aim of this chapter has been to demonstrate the multilevel converter 

topologies. Each has its own mixture of advantages and disadvantages and for any one 

particular application, one topology will be more appropriate than the others. Often, 

topologies are chosen based on what has gone before, even if that topology may not be the 

best choice for the application. The advantages of the body of research and familiarity 

within the engineering community may out weight other technical disadvantages. 
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                                                         CHAPTER 5 

MATLAB/SIMULATION RESULTS 

5.1 INTRODUCTION 

The name MATLAB stands for Matrix Laboratory. MATLAB was written 

originally to provide easy access to matrix software developed by the LINPACK (linear 

system package) and EISPACK (Eigen system package) projects. 

 MATLAB is a high-performance language for technical computing. It integrates 

computation, visualization, and programming environment. Furthermore, MATLAB is a 

modern programming language environment: it has sophisticated data structures, contains 

built-in editing and debugging tools, and supports object-oriented programming. These 

factors make MATLAB an excellent tool for teaching and research. 

 MATLAB has many advantages compared to conventional computer languages 

(e.g., C, FORTRAN) for solving technical problems. MATLAB is an interactive system 

whose basic data element is an array that does not require dimensioning. The software 

package has been commercially available since 1984 and is now considered as a standard 

tool at most universities and industries worldwide.  

It has powerful built-in routines that enable a very wide variety of computations. It 

also has easy to use graphics commands that make the visualization of results immediately 

available. Specific applications are collected in packages referred to as toolbox. There are 

toolboxes for signal processing, symbolic computation, control theory, simulation, 

optimization, and several other fields of applied science and engineering. 
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5.2 SIMULINK RESULTS 

 

Fig 5.1 Simulation model of three level multilevel inverter 

 

  Fig 5.2 Simulation waveform of inverter output voltage 

 

Fig 5.3 Simulation waveform of Active and Reactive Power of Inverter 
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Fig 5.4 Simulation waveform of In phase waveform of grid voltage and grid current 

 

  Fig 5.5 Simulation waveform of Harmonic Analysis of Grid Current 
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Fig 5.6 Simulation model of five level multilevel inverter 

 

Fig 5.7 Simulation waveform of Five level Output voltage of inverter 
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Fig 5.8 Simulation waveform of Active and Reactive power of inverter 

 

Fig 5.9 Simulation waveform of In phase waveform of grid voltage and grid current 

 

Fig 5.10 Simulation waveform of Harmonic Analysis of Grid Current 
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Fig 5.11 Simulation model of seven level multilevel inverter 

 

Fig 5.12 Simulation waveform of sevenlevels Output voltage of inverter 
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Fig 5.13 Simulation waveform of Inphase waveform of grid voltage and grid current 

 

Fig 5.14 Simulation waveform of Active and Reactive Power of inverter 

 

Fig 5.15 Simulation waveform of Harmonic Analysis of Grid Current 
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Fig 5.16 Simulation model of nine level multilevel inverter 

 

Fig 5.17 Simulation waveform of Nine Level Output voltage of inverter 
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Fig 5.18 Simulation waveform of inphase waveform of grid voltage and grid current 

 

Fig 5.19 Simulation waveform of Active and Reactive Power of inverter 

 

Fig 5.20 Simulation waveform of Harmonic Analysis of Grid Current 

        From this simulation results it is conclude that by using 3-level inverter the total 

harmonic distortion up to 5.45%, by using 5-level inverter the total harmonic distortion is 

reduced up to 2.81%, by using 7-level inverter the harmonic distortion is reduced up to 

0.79% and finally by implementing 9-level inverter the total harmonic distortion is further 

reduced to 0.03%. 
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CHAPTER-6 

CONCLUSION& FUTURE SCOPE 

6.1 CONCLUSION 

 This paper presents the design and simulation of cascaded H-bridge nine level 

inverter for single phase grid connected system. Control strategy is carried out to 

synchronize the grid frequency with the inverter frequency and to generate the modulating 

wave to fire the switches of the inverter. The harmonic analysis of grid current is carried 

out for different levels. From the analysis it is clear that as the number of levels increases 

the %THD decreases. So multilevel inverter is used for grid connected system to inject less 

harmonic current to the grid. In multi level inverters of previous levels 3 level, 5 level and 

7 level inverters of THD value will be less than to proposed system. So compared to other 

levels 9 level is better performance and better efficiency. 

6.2 FUTURE SCOPE 

The optimization techniques are applied to calculate the switching angles so as to 

obtain minimum total harmonic distortion in the output of the cascaded nine level inverter. 

The genetic algorithm optimization technique is first applied and the switching angles are 

found based on the objective function and constraints for optimum THD. The results are 

presented and analyzed. The proposed circuit is then simulated with the switching angles 

calculated from particle swam optimization technique and the results are presented. PSO 

based simulation gives better results than GA based work because of the salient features of 

PSO technique. This generalized technique can be extended to multi level inverters with 

any number of levels. The total harmonic distortion is measured accordingly for different 

modulation indices.  

A proto type model of FPGA based nine level inverter has been designed, 

fabricated and tested. The optimum switching angles corresponding to minimum THD 

calculated from PSO optimization technique are used for signal generation in FPGA 

controller. The results are presented and 92 analyzed. The hardware results are compared 

with the simulation results and are found to closely agree. The cascaded multilevel 

inverters are mainly used as drive for induction motors, STATCOM, shunt active power 

filters, aero space and solar powered applications. Application of SVPWM technique, 

incorporating Neuro-Fuzzy controller for performance improvement in closed loop control 

and hardware implementation of closed loop control are some of the important future 

scope of the present work. 
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ABSTRACT: 

At present industries having highly requirement of power usage. Some 

appliances in the industries are necessary for low power functioning . Make 

to operate a high power source for all industrial loads and its favourable to 

some motors need for a particular purpose  to high power, to effect 

injuriously for other loads. Moderate medium size of voltage motor drives 

and advantage, applications need for medium voltage. Multilevel inverter 

work has commenced in early 1975 as an choice in high power and medium 

voltage settings. The multilevel inverter is same as inverter used in industrial 

appliances as an alternative in high power and medium voltage situations.  

Multilevel inverter is away from something which recently is very 

important option in area of high power medium voltage energy control. The 

lecture and appearance of multi cells consists of separate dc source. 

Multilevel inverters are favourable and they have nearly sinusoidal output 

voltage waveform with more harmonic profile, by reducing stressing of 

electrical components. The commonly used seven level inverter for grid 

connected photovoltaic system with PWM technique. By using this concept to 

acquire nine level inverter output voltage we need four full bridge series 

inverters. By consuming dc supply voltage inverter is able to produce nine 

levels of output voltage levels. The invention of inverter system is able to 

producing nine levels of output voltage levels dc source voltage by using three  

cascaded H-Bridge type inverters. Mainly this project consists of three H-

bridge inverters with different dc sources. The multilevel inverters are 

potential for high performance with reduced EMI and harmonics . The 

proposed project for nine level inverter was designed by using 

MATLAB/SIMULINK software. The other benefit of using this project is to 

minimize the number of electronic devices for given number of levels.  

Key words: H-bridge inverters, PWM technique 

(1) INTRODUCTION: 

Numerous industrial applications require higher power apparatus in recent years. 

Some medium-voltage motor drives and utility applications require medium 

voltage and megawatt power level. For a medium-voltage grid, it is troublesome 

to connect only one power semiconductor switch directly. Hence,a multilevel 

power converter structure has been introduced as an alternative in high power and 

medium voltage situations 

A multilevel converter not only achieves high power ratings but also enables the 

use of renewable energy sources. Renewable energy sources such as 

photovoltaic, wind, and fuel cells can be easily interfaced to a multilevel converter 

system for a high-power application [1, 2, 3]. The concept of multilevel converters 

has been introduced since 1975. 

 The increasing demand in electrical energy, depletion in fossil fuel 

reserves and the rise in energy prices have required to use the available energy 

resources more effectively.so, the power electronic converters with power 

semiconductor switches have increased attention due to is capability of converting 

and controlling of electrical power in a wide range of Milli watts to Giga watts. 

Controlled ac drives are usually connected to the medium-voltage network (2.3 

KV-13.8 KV) will covers a power range of 0.2 MW to 40 MW. But today, it is 

very hard to connect a single semiconductor device directly to medium-voltage 

grids (2.3, 3.3, 4.16, or 6.9 kV). For these reasons, a multilevel inverters has 

emerged as the solution for working with higher voltage levels [4]. 

However, the elementary concept of a multilevel converter in order to 

achieve higher power is to use a series of power semiconductor switches with 

several lower voltage dc sources to perform the power conversion by synthesizing 

a staircase voltage waveform. Capacitors, batteries, and renewable energy voltage 

sources can be used as the multiple dc voltage sources [1-4]. The commutation of 

the power switches aggregate these multiple dc sources in order to achieve high 

voltage level at the output. However, the rated voltage of the power 

semiconductor switches depends upon the rating of the dc voltage sources to 

which they are connected.  

 

A multilevel converter has several advantages over a conventional two-

level converter that uses high switching frequency pulse width modulation 

(PWM).Multilevel inverters are three types 1. Diode clamped multilevel inverter 

2. Flying capacitors multilevel inverter 3. Cascaded H- bridge multilevel inverter. 

Among these Diode clamped requires more number of diodes and flying capacitor 

has capacitor balancing problem. The cascaded H-bridge inverters having more 

advantages such as modular structure compare to other topologies, less number of 

components, less switching losses and low device stress. It is one of the topologies 

proposed for drive applications which meet the requirements such as high power 

rating with reduced THD and switching losses. The asymmetrical cascaded H-

Bridge MLI reduces the number of input DC sources required for getting the same 

number of levels in the output as in the symmetrical cascaded H-Bridge MLI [4].  

This paper presents the cascaded H-bridge multilevel inverters for single 

phase grid connected system and their effects on grid current. Any carrier based 

PWM is applicable for cascaded H-bridge (CHB). The working of CHB shifted 

modulation is explained in Section-I Section-II explains about cascaded H-bridge 

Seven and Nine-level inverter configurations. Section-III explains the control 

strategy and Section-IV presents the simulation results with harmonic analysis. 

Section-V summarizes the result. 

Multi-level inverters are nothing but series connection of single- phase 

inverters with separate dc sources avoid extra clamping diodes and voltage 

balancing capacitors. N level cascaded H-bridge inverter consists of series 

connection of (N-1)/2 of cells in each phase. Four active devices in each cell 

produce three levels like +Vdc,-Vdc,0 as the number of levels M increases 

number of active switches required are also increases 2(M-1).[1] 

 

From past few years power consumers like industrial and commercial 

consumers facing various power quality problems like harmonics and low power 

factors. Voltage profile is decreasing with tremendous increase of nonlinear loads 

connected at distribution level. So,the primary target of grid-connected system  is  

to maintain grid current with the same frequency and in phase with grid voltage 

with less total harmonic distortion (THD). 

In recent years, the multilevel inverters have received more attention in 

both research and high-power applications such as induction motor drives, 

Uninterrupted power supplies, FACTS and single -phase grid connected systems. 

As compared to conventional  two-level inverters, the multilevel inverters have 

additional advantages such as low semiconductor voltage stresses, better harmonic 

performance, low electromagnetic interference ,less number of components and 

less switching losses. 

The common topology for multilevel inverter is full bridge three level converter. 

The multilevel inverter is able to give a high output power from medium voltage 

source like batteries, capacitors, renewable energy voltage sources such as 

photovoltaic, wind, and fuel cells which can be easily interfaced to a multilevel 

converter system [2]. However, the simple concept of a multilevel converter in 

turn to achieve higher power is to use a series of power semiconductor switches 

with several lower voltage dc sources and perform the power conversion by 

synthesizing a staircase voltage waveform.  

 

In general, Multilevel inverters are classified into three types. They are : 1.Diode 

clamped multilevel inverter 2. Flying capacitors multilevel inverter 3. Cascaded 

H- bridge multilevel inverter.  those Cascade H-bridge MLI is used in this paper 

due to following advantages. They are:i. Switching losses and device stress is less 

.ii. Less number of components are required.iii. Potential of electric shock is very 

less. iv.Individual DC voltage sources which are available like batteries and fuel 

cells. 

These multilevel inverters consists of series connection of single phase 

inverters with separate dc sources to avoid extra clamping diodes and voltage 

balancing capacitors. N level cascaded H-bridge inverter consists of series 

connection of (N-1)/2 of cells in each phase. Four active devices in each cell 

produce three levels like +Vdc,-Vdc,0 as the number of levels M increases 

number of active switches required are also increases 2(M-1).[1] 

In diode clamped MLI number of clamping diodes required is increases 

rapidly as number of levels increases and it is difficult to control the power flow 

in flying capacitor MLI excess numbers of storage capacitors are required and it is 

difficult to maintain voltage balance in between capacitors. Now coming to 

required total number of switches for same level are more in diode clamped and 

flying capacitor because of clamping diodes and storage capacitors 

 

This paper presents the cascaded H-bridge multilevel inverters for single 

phase grid connected system and their effects on grid current. Any carrier based 

PWM is applicable for cascaded H-bridge (CHB). The working of CHB with 

phase shifted modulation is explained in this paper. The paper is organized as 

follows. Section II explains Cascaded H-bridges even-level inverter. Section III 

explains the control strategy and Section IV presents the simulation results with 

harmonic analysis. Section V summarizes the result. 

 

(2) LITERATURE SURVEY: 

Abhil T Balakrishnan et. Al[1] proposed the current study of inverters is used 

which has more characteristics over other standard topologies in terms of the 

specified power switches and isolated dc supplies , control requirements ,cost and 

accuracy. It is observed that this study can be a good credential for converters 

used in power applications i.e. FACTS,HVDC,PV Systems, UPS etc. In this the  

switching operation is divided into high and low frequency parts. This leads to 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue VI, June/2021

ISSN NO:0886-9367

Page No: 2627



more efficiency of the converter as well as diminishing the size and cost of the 

internal prototype The results of the developed prototype for a seven- level 

inverter of this topology is involved. The results clearly show that the study can be 

effectively work as a multilevel inverter with a lesser number of switches. In 

general number of components are reduced in this topology and thus  the circuit 

becomes less complex.The non-appearance of voltage balancing issue provides 

the circuit more efficient. 

Chetanya Gupta et.al[2] proposed multilevel inverters have developed from new 

technology to a acknowledged and proper solution for medium-voltage high-

power utilities. The above technology and inflection method have applications for 

industrial purpose. At starting the higher power rates combined with the emerging 

power quality have been the major market drive and activated for research and 

development of different level converters. But the incessant development of 

technology and the calculation of industrial application will remains open further 

challenges and chances that inspires further developments to multi- level 

converter technology. Multi-level converters can get an effective rise in 

throughout switch frequency by eliminating lowest order switching frequency 

terms. 

Ehsan Naja et.al[3] proposed a new topology  that will be selected here the model 

predictive control of single- phase Multilevel inverter where the intention and 

purpose is to track the reference present which is varying up the switch the load 

current. As through results it to get acquire the control methods allows to 

appliance the inject current to the grid have sinusoidal waveform following some 

rules and standard limits under unity power factor along high dynamic 

performance . Something clear is that the MPC method is not mandatory any kind 

of linear controller or modulation approach compares to other control methods. 

We agree it for using controlling the single phase multilevel inverters . Further 

long , this illustrates the model predictive control of multilevel inverter favourable 

is likely to be control with including high safety or reliability and flexibility. 

L. Jayavani et.al[4] proposed this protocal and simulation of cascaded H-bridge 

seven level inverter for single phase grid connected system. The controlling 

technique is carried to synchronise the grid frequency with the inverter frequency 

and to produce the required wave to fire the switches of the inverter. The study of 

harmonics grid current is carried out for different levels.From the analysis it is 

noticed that as the number of levels increases the %THD decreases .Thus multi -

level inverter is used for grid connected system to insert less harmonic current to 

the grid. 

Leon M.Tolbert et.al [5] proposed about design and Simulation of reduced 

switched seven level inverters for single phase grid connected system.Control 

technique is provided to synchronise the grid frequency with the inverter 

frequency and to produce the alternating wave to fire the switches of the inverter. 

Different types of PWM switching techniques are used to fire the switches of 

required inverters.By changing the output of PV the boost and grid current gets 

changed respectively. Thus we say that reduced switch inverter performs well 

based on the environmental condition. This is the mandatory condition to operate 

the system properly.When there is a change in daylight there is change in 

harmonics in the grid current. The      %THD of the grid current reduces with the 

increase in the irradiance. Hence we can provide the good quality of power to the 

grid at more irradiance.    

(3) CONTROL STRATEGY 

 To deliver energy to the grid, the frequency and phase of the inverter 

must equal those of the grid; therefore, a grid synchronization method is needed. 

To synchronize the grid frequency with the supply frequency the control action is 

carried out which is shown in fig below.  

In this Phase locked loop (PLL) is used to synchronise the grid frequency with the 

supply frequency which makes the grid voltage and grid current are in phase with 

each other as shown in simulation result section. The L f is the current limiting 

filter to limit the grid current. The current limiting inductor L f is given by 

     (1) 

Where VDC is the DC voltage of the inverter, Is", is switching frequency of the 

inductor and MLmax is ripple current of the inductor. 

 

The feedback current controller is used for this application. In this PI algorithm, 

Ire fis generated by comparing grid voltage with the reference voltage. Ire f is then 

multiplied by the output of PLL to generate 19ridre/- The current injected into the 

grid known as grid current Ignd, was sensed and fed back to a comparator that 

compared it with the reference current 19ridre/ The error from the comparison 

process of 19nd and Igridref was fed into the PI controller. The output of the PI 

controller, also known as Vref, being compared with the triangular wave to 

produce the switching signals for Q,-Q'2. 

 

 

Fig 1 Circuit diagram of Cascaded Seven level Inverter for single phase  Grid 

Connected System 

 

(4) CASCADED H-BRIDGE MULTILEVEL INVERTER 

     The cascade multilevel inverter consists of a number of H-bridge inverter units 

with separate dc source for each unit and is connected in cascade or series Each 

H-bridge can produce three different voltage levels: +Vdc, 0 and –Vdc by 

connecting the dc source to ac output side by different combinations of the four 

switches S1, S2, S3, and S4. The ac output of each H-bridge is connected in series 

such that the synthesized output voltage waveform is the sum of all of the 

individual H-bridge outputs. By connecting sufficient number of H-bridges in 

cascade and using proper modulation scheme, a nearly sinusoidal output voltage 

waveform can be synthesized 

            MLI primarily consists of dc voltage sources, switching devices and a 

control circuit for the desired switching. By using controlled switching sequences, 

various voltage levels can be obtained and the resultant is close to a sinusoidal 

waveform. Figure 1. shows CHB based nine-level inverter. There are sixteen 

semiconductor switches along with four voltage sources of the same voltage 

rating. For generating ‘n’ different voltage levels in the output, we require (2n - 2) 

switches. Eight switches conduct in one cycle. For generating ‘V’ volts, switches 

S1, S4, S5, S7, S9, S11, S13 and S15 are required to conduct. For generating ‘-V’ 

volts, switches S2, S3, S6, S8, S10, S12, S14 and S16 are required to conduct. 

Similarly, other voltage levels can be obtained. To obtain a staircase type of 

voltage waveform close to a sinusoidal waveform, the switches are properly 

operated and allowed to conduct only for a particular time period. Also, with the 

increase in the number of output voltage levels, there is a considerable reduction 

in THD as well.  

(5) Nine level multi level inverter circuit: 

      

    The output voltage of the multilevel inverter has 9 levels like seven  

level  multilevel  inverter. This inverter consists of four H-bridge 

inverters that are cascaded. For a 9 level cascaded H-bridge multilevel 

inverter 16 switching devices(IGB) are needed .Each of the H-bridge 

represents an increment of 2 levels of the inverter. Therefore, table shows 

the number of H-bridge in inverter  of different numbers of voltage 

levels. 

 

Table 1: Table for different voltage levels 

 

         Voltage levels         No. of H-bridges  

                3                   1  

                5                   2 

                7                   3 

                 9                   4 
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Fig 2 Block diagram of nine level multi level inverter 

 

    The below  table shows the switching table for  9 level inverter. The table 

consists of 16 switches represented from S1 to S16. The output voltage levels are 

represented by 4vo,3v0,2vo,vo,0,-vo,-2vo,-3vo,-4vo.  

 

Table 2: Switching table for nine level inverter 

 

 

Fig 3 Output voltage waveform for nine level inverter 

    

(6) SIMULATION RESULTS 

      

     The name MATLAB  stands for Matrix Laboratory. MATLAB  was written 

originally to provide easy access  to matrix software developed by the LINPACK    

and EISPACK  projects. MATLAB  is a high performance language for technical 

computing .It  integrates computation, visualization and programming 

environment. 

 

Fig 4 Simulation model of nine level multilevel inverter 

  The above fig shows the simulation model of nine level multilevel inverter.  It 

consists of  IGBT’s which are act like a switching device. The circuit is designed 

in H-bridge model and for each H-bridge separate DC source is provide . 

The output of this model is given to the scope to observe the sinusoidal output 

waveform. 
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Fig 5 Simulation waveform of Nine Level Output voltage of inverter 

The fig 5 shows the simulation waveform of nine level output voltage of  inverter. 

In this we can observe the 9 levels of output voltage levels. It shows like nearly 

sinusoidal waveform  with less harmonic distortions. 

 

 

Fig 6 Simulation waveform of in phase waveform of grid voltage and grid current 

Fig 6 shows simulation waveform of  in phase waveform of grid voltage and grid 

current. It is in the form of pure  sinusoidal waveform . It shows the waveform 

with zero harmonic distortions in the grid.  

 

Fig 7 Simulation waveform of Active and Reactive Power of inverter 

 

Fig 8 Simulation waveform of Harmonic Analysis of Grid Current 

Fig 8  shows simulation waveform of harmonic analysis of grid current. It shows 

that by using 9 level inverter we can reduce %THD to a great extent upto  0.03%. 

at a fundamental frequency of  50 Hz. 

                       

(7) CONCLUSION 

This paper presents the design and simulation of cascaded H-bridge nine level 

inverter for single phase grid connected system. Control strategy is carried out to 

synchronise the grid frequency with the inverter frequency and to generate the 

modulating wave to fire the switches of the inverter. The harmonic analysis of 

grid current is carried out for different levels. From the analysis it is clear that as 

the number of levels increases the %THD decreases. So multilevel inverter is used 

for grid connected system to inject less harmonic current to the grid. In multi level 

inverters of previous levels 3 level, 5 level and 7 level inverters of THD value will 

be less than to proposed system. So compared to other levels 9 level is better 

performance and better efficiency. 
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ABSTRACT 
 

In order to raise awareness about energy waste, an energy monitoring and controlling 

system able to be used either in residential or commercial applications designed in this 

project. The acquisition system is based on Arduino, Wi-Fi and free software, LDR module. 

The system has been designed considering low-power consumption and low-component count 

while meeting international standards. 

Electricity is nowadays one of the most important raw materials that is used in 

industry, institutions or households. Electricity is through the transmission and distribution 

grids supplied to the end user. During transmission of this energy there are many external 

factors that can impair the quality of energy supplied. It is very to important identify the 

source of problems with the quality of electricity and in the case of an internal source of low-

quality supply, it is necessary to take corrective action. On the other hand, the electricity 

should be seen as an energy commodity trading with contractual parameters laid down in the 

standard EN 50160.The proposed system is designed to implement the power saver street 

lighting/home lighting as well as automatic traffic controlling mechanisms. In This system, 

light presence will be detected by the Light Dependent Resistor (LDR). LDR is used to switch 

ON and OFF the street/home lights based on detecting the light ambiance. 

This system measures the electrical parameters like current, voltage and power factor and 

continuously uploads these values to the “BLYNK application” web server. The system uses 

ESP8266 as the Wi-Fi module to upload the parameter son to the web server. The current and 

voltage measuring circuits are designed individually and the parameter values are read by 

Arduino continuously. These values are also displayed on the LCD. 
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CHAPTER-1 

INTRODUCTION 

1.1 Introduction: 

The internet of things (IOT) concept enables us to connect the normal day to day 

devices with each other over the internet. The devices connected through IOT concept 

can be analyzed remotely. The IOT concept provides the basic infrastructure and 

opportunities to form a connection between the physical world and computer based 

systems. The concept has been gaining importance with more and more wireless devices 

that are increasing rapidly in the market. Hardware devices are connected with each 

other over the internet. The ESP 8266 Wi-Fi module used in the system provides the 

connectivity with the internet in the system 

Now-a-days the demand for electricity is increasing at a constant rate in the population 

and is being utilized for various purposes via, agriculture, industries, household 

purposes, hospitals etc. So, it is becoming more and more complicated to handle the 

electricity maintenance and requirements. Therefore there is an immediate requirement 

to save as much electricity as possible. As the demand from the newer generations of 

population for electricity is increasing so in along with it the technology improvement is 

needed. The proposed system provides a technical twist to the normal energy meters 

using the IOT technology. Also there are other issues that we have to address such as 

power theft which in turn generate economic loss to the nation. Monitoring, Optimized 

power usage and reduction of power wastage are the major objectives that lie ahead for 

a better system. 

The system basically can be classified on the basis of service ends in two ways:- 

1. Consumer end 

2. Service end. 

The data from the system is displayed on a webpage which can be accessed by the 

consumer. 

1.2 Literature survey: 

Literature survey is the most important step in Hardware and software 

development process. Before developing the tool it is necessary to determine the time 

factor, economy and company strength. Once these things are satisfied, then next steps 
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are to determine which operating system and language can be used for developing the 

tool. Once the programmers start building the tool the programmers need lot of external 

support. This support can be obtained from senior programmers, from book or from 

websites. Before building the system the above consideration are taken into account for 

developing the proposed system. 

1.3 IOT Applications: 

 The IOT concept lends itself to solutions of specific problems in manufacturing. 

Process efficiency challenges, scheduling, logistics and quality control are all issues that 

could benefit from better, more timely and more accurate information. The IOT can 

deliver the information that is required in real time with high accuracy. Companies are 

using these capabilities to improve their operations. Medical device manufacturers are 

trying to reduce costs while complying with regulations and delivering consistent 

quality. An IOT approach lets them identify bottlenecks in production, unnecessarily 

high costs and quality issues easily and precisely. They can see from production line 

data where inventory or material on hand is piling up due to lack of capacity at a given 

production point. They can track costs to make sure high-cost parts and processes 

deliver corresponding benefits. When products fail, they can track the serial number 

back to the production line and see exactly how that product was manufactured and 

where the failure originated. Solutions are often software based and can be implemented 

without major production disruptions. The information containing the problems and the 

tools for implementing solutions are both online. 

The Internet of Things is coming and in some industries is already here but is in its 

infancy. Industrial Automation is ahead of most other industries in the readiness for the 

Internet of Things (IOT) and more specifically for the Industrial Internet of 

Things(IOT). When one looks at the deployment of the sensors, actuators, and low-level 

devices that are needed to enable IOT or IOT, Industrial Automation has an advantage. 

Most industries are waiting on the deployment of the low-level connected devices to 

enable IOT in that industry. Industrial Automation on the other hand already has over a 

billion connected devices deployed. By connected device I mean an end node that is 

Internet Protocol (IP) enabled or is directly controlled by a proxy device that is IP 

enabled. On a curve of connected devices needed to make IOT effective, Industrial 
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Automation is much higher up the curve than other industries. That is not to say 

Industrial Automation is done growing with respect to IOT far from it. There will be 

many more devices deployed at an increasing rate. The rate of growth will be lower 

with respect to some of the other industries and especially in regards to commodity 

device industries. The Industrial Automation rate of growth will still be impressive. 

Where Industrial Automation may be lagging other industries is in the gathering of 

useful data and the use of this data. Much of the information that resides on the end 

device that could be useful is not gathered. Data that is not consumed at the field or 

process levels in the traditional Industrial Automation hierarchy is not gathered. If it is 

gathered, the data is not being sent up the network in most cases. The value of this data 

is increasing and Industrial Automation networks are starting to collect the data and 

communicate this data farther up the hierarchy. Energy usage and concerns are the first 

initiative spurring the change in the data transmission strategy. However if the data is 

not used then there is no reason to collect it. 

With all these enabled connected devices in Industrial Automation and the desire to 

communicate more data there is a concern for cyber security. Cyber security is being 

addressed. Even in resource constrained devices there are solutions to support 

encryption and other cyber security requirements. The Scalable Encryption 

Algorithm (SEA) is an example. 

The Industrial Internet of Things will change how Industrial Automation networks are 

designed and used, both now and in the future. IOT will increase the productivity of the 

Industrial Automation network. With the large number of currently deployed connected 

end devices, the understanding of the value of new data that is available at the end 

device, the deployment of cyber security practices, Industrial Automation is already part 

of the Internet of Things. There are more changes to come for Industrial Automation 

and IOT. Industrial Automation is ready for these changes as well. 

1.4 Problem Statement: 

To build the system which can monitor the sensor data and upload it over internet and 

also capable of taking some crucial decision within industries using the IOT. 
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1.5  Proposed system: 

1.5.1 Remote centralized management: 

IOT based Real Time Energy Monitoring System using Wi-Fi system is designed based 

on three major objectives. They are :- 

1. To use the electricity in an optimized manner. 

2. Reduce the power wastage using LDR module sensor.  

3. It provides centralized monitoring in real-time information. 

The system basically can be classified on the basis of service ends in two ways:- 

1. Consumer end 

2. Service end. 

The data from the system is displayed on a webpage which can be accessed by the 

consumer. 

Sensors were used to continually sense and updates electricity data and transmit it via 

ESP01 Wi-Fi module, in order to provide real-time electricity consumption information 

to users and remote monitoring and control of home appliances were provided to users 

through web service. 
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2.1 Hardware description:

2.11. Current sensor 

The invention of electricity has led to a revolutionary change in the life of humans. We

invented many innovative applications of electricity to make our daily life easier. Today 

almost all of our equipment runs on electricity. The flow of charge is known as Current. 

Different devices need a different amount of current based on their function

requirements. Some devices are so sensitive that they get damaged when a high amount 

of current is delivered to them. So, to save such a situation and monitor the amount of 

current required or being used in an application, measurement of current necessa

is where the Current Sensor comes into play. One such sensor is the ACS712 Current 

Sensor. 

Current flowing through a conductor causes a voltage drop. The relation between 

current and voltage is given by Ohm’s law. In electronic devices, an increas

amount of current above its requirement leads to overload and can damage the device. 

Measurement of current is necessary for the proper working of devices. Measurement of 
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CHAPTER-2 

HARDWARE DESCRIPTION

Fig: 2.0. Block Diagram 

Hardware description: 

Current sensor ACS712 Module: 

The invention of electricity has led to a revolutionary change in the life of humans. We

invented many innovative applications of electricity to make our daily life easier. Today 

almost all of our equipment runs on electricity. The flow of charge is known as Current. 

Different devices need a different amount of current based on their function

requirements. Some devices are so sensitive that they get damaged when a high amount 

of current is delivered to them. So, to save such a situation and monitor the amount of 

current required or being used in an application, measurement of current necessa

is where the Current Sensor comes into play. One such sensor is the ACS712 Current 

Current flowing through a conductor causes a voltage drop. The relation between 

current and voltage is given by Ohm’s law. In electronic devices, an increas

amount of current above its requirement leads to overload and can damage the device. 

Measurement of current is necessary for the proper working of devices. Measurement of 
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The invention of electricity has led to a revolutionary change in the life of humans. We 

invented many innovative applications of electricity to make our daily life easier. Today 

almost all of our equipment runs on electricity. The flow of charge is known as Current. 

Different devices need a different amount of current based on their functional 

requirements. Some devices are so sensitive that they get damaged when a high amount 

of current is delivered to them. So, to save such a situation and monitor the amount of 

current required or being used in an application, measurement of current necessary. This 

is where the Current Sensor comes into play. One such sensor is the ACS712 Current 

Current flowing through a conductor causes a voltage drop. The relation between 

current and voltage is given by Ohm’s law. In electronic devices, an increase in the 

amount of current above its requirement leads to overload and can damage the device. 

Measurement of current is necessary for the proper working of devices. Measurement of 



Smart Energy Monitoring And Controlling System Using IOT 
 

Department of EEE                                                                                                                  Page 6 
 
 
 

voltage is Passive task and it can be done without affecting the system. Whereas 

measurement of current is an Intrusive task which cannot be detected directly as 

voltage. 

For measuring current in a circuit, a sensor is required. ACS712 Current Sensor is the 

sensor that can be used to measure and calculate the amount of current applied to the 

conductor without affecting the performance of the system.ACS712 Current Sensor is a 

fully integrated, Hall-effect based linear sensor IC. This IC has a 2.1kV RMS voltage 

isolation along with a low resistance current conductor. 

2.1.2 Working Principle: 

Current Sensor detects the current in a wire or conductor and generates a signal 

proportional to the detected current either in the form of analog voltage or digital 

output. 

Current Sensing is done in two ways – Direct sensing and Indirect Sensing. In Direct 

sensing, to detect current, Ohm’s law is used to measure the voltage drop occurred in a 

wire when current flows through it. 

A current-carrying conductor also gives rise to a magnetic field in its surrounding. In 

Indirect Sensing, the current is measured by calculating this magnetic field by applying 

either Faraday’s law or Ampere law. Here either a Transformer or Hall effect sensor or 

fiber optic current sensor are used to sense the magnetic field. 

ACS712 Current Sensor uses Indirect Sensing method to calculate the current. To sense 

current a liner, low-offset Hall sensor circuit is used in this IC. This sensor is located at 

the surface of the IC on a copper conduction path. When current flows through this 

copper conduction path it generates a magnetic field which is sensed by the Hall effect 

sensor. A voltage proportional to the sensed magnetic field is generated by the Hall 

sensor, which is used to measure current. 

The proximity of the magnetic signal to the Hall sensor decides the accuracy of the 

device. Nearer the magnetic signal higher the accuracy. ACS712 Current Sensor is 

available as a small, surface mount SOIC8 package. In this IC current flows from Pin-1 

and Pin-2 to Pin-3 and Pin-4. This forms the conduction path where the current is 

sensed. Implementation of this IC is very easy. 
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ACS712 can be used in applications requiring electrical isolation as the terminals of the 

conduction path are electrically isolated from the IC leads. Thus, this IC doesn’t require 

any other isolation techniques. This IC requires a supply voltage of 5V. Its output 

voltage is proportional to AC or DC current. ACS712 has a nearly zero magnetic 

hysteresis. 

Where Pin-1 to Pin-4 forms the conduction path, Pin-5 is the signal ground pin. Pin-6 is 

the FILTER pin that is used by an external capacitor to set the bandwidth. Pin-7 is the 

analog output pin. Pin-8 is the power supply pin. 

The ACS712 Module uses the famous ACS712 IC to measure current using the Hall 

Effect principle. The module gets its name from the IC (ACS712) used in the module, 

so for you final products use the IC directly instead of the module. 

These ACS712 module can measure current AC or DC current ranging from +5A to -

5A, +20A to -20A and +30A to -30A. You have to select the right range for your project 

since you have to trade off accuracy for higher range modules. This modules outputs 

Analog voltage (0-5V) based on the current flowing through the wire; hence it is very 

easy to interface this module with any microcontroller.  

As told earlier it is very simple to interface the ACS712 Module with Microcontrollers. 

The below diagram would be more illustrative 

 

Fig: 2.1.ACS712 module: 
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The ACS712 module has two phoenix terminal connectors (green colour ones) with 

mounting screws as shown above. These are the terminals through which the wire has to 

be passed. In our case I am measuring the current drawn by the motor so the wires that 

is going to the load (motor) is passed through the ACS 712 Module. Make sure the 

module is connected in series with the load and be extra cautious to avoid shorts. 

On the other side we have three pins. The Vcc is connected to +5V to power the module 

and the ground is connected to the ground of the MCU (system). Then the analog 

voltage given out by the ACS712 module is read using any analog pin on the 

Microcontroller. 

Table 2.1: Pin Configuration 

Pin Number Pin Name Description 

1 Vcc Input voltage is +5V for typical applications 

2 Output Outputs Analog voltage proportional to current 

3 Ground Connected to ground of circuit 

T1 Wire In The wire through current has to be measured is connected here 

  
T2 Wire Out 

  

Specifications 

 Measures both AC and DC current 

 Available as 5A, 20A and 30A module 

 Provides isolation from the load 

 Easy to integrate with MCU, since it outputs analog voltage 

 Scale Factor 

5A Module 20A Module 30A Module 

185mV/Amp 100mV/Amp 66mV per Amp 
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2.2. Voltage Sensor Module: 

2.2.1 Description:- 

Voltage Sensor is a precise low cost sensor for measuring voltage. It is based on 

principle of resistive voltage divider design. It can make the red terminal connector 

input voltage to 5 times smaller. Arduino analog input voltages up to 5V, the voltage 

detection module input voltage not greater than 5Vx5=25V (if using 3.3V systems, 

input voltage not greater than 3.3Vx5=16.5V). 

Arduino AVR chips have 10-bit AD, so this module simulates a resolution of 0.00489V 

(5V/1023), so the minimum voltage of input voltage detection module is 

0.00489Vx5=0.02445V. 

Features:- 

 Voltage input range: DC 0-25V 

 Voltage detection range: DC 0.02445V-25V 

 Voltage Analog Resolution: 0.00489V 

 DC input connector: Terminal cathode connected to VCC, GND negative pole 

 Output interface: "+" connect 5/3.3V, "-" connect GND, "s" connect the Arduino 

AD pins 

 

 

Fig: 2.2. Voltage Sensor Module Pinout 

Voltage Sensor is a precise low-cost sensor for measuring voltage. It is based on the 

principle of resistive voltage divider design. It can make the red terminal connector 

input voltage to 5 times smaller. 
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Table 2.2 Voltage Sensor Module Pin out Configuration 

Pin Name Description 

VCC             

Positive terminal of the External voltage source (0-25V) 

GND Negative terminal of the External voltage source 

S Analog pin connected to Analog pin of Arduino 

+ Not Connected 

- Ground Pin connected to GND of Arduino 

  

Voltage Detection Sensor Module Features & Specifications 

Input Voltage: 0 to 25V 

Voltage Detection Range:  0.02445 to 25 

Analog Voltage Resolution: 0.00489V 

Needs no external components 

Easy to use with Microcontrollers 

Small, cheap and easily available 

Dimensions: 4 × 3 × 2 cm 

  

. 
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Fig: 2.3 Connection Diagram: 

Features : 

1. Output Interface: “+ ” connected 5/3.3V, “-” connected GND, “s” connected Arduino 

AD pins 

2. DC input interface: red terminal positive with VCC, negative with GND 

3. You can also use the IICLCD1602 LCD to display voltage. 

4. By 3P connector, connect this module with the expansion of board Arduino, not only 

makes it easier for you to detect voltage battery. 

2.3 Arduino Nano power supply: 

The Arduino Nano can be powered via the Mini-B USB connection, 6-20V unregulated 

external power supply (pin 30), or 5V regulated external power supply (pin 27). 

The power source is automatically selected to the highest voltage source. 

The Nano has one 3.3V and two 5V power pins of which one is the VIN pin. With the 

VIN pin you can supply the Arduino Nano with a voltage between 7V-12V to run the 

microcontroller on battery for example. All three power pins provide a maximum 

currency of 50 mA. You can close the circuit with two ground pins. 

2.3.1. Power sensor: 

power sensors are designed to provide fast, accurate average power measurements from 

as low as 10 MHz up to 50 GHz. The USB power sensors contain a power meter, 

enabling them to make analog-to-digital conversions and pass the data directly to a PC. 
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2.4 Arduino Nano:

Arduino is an open-

software. Arduino boards are able to read inputs 

or a Twitter message 

LED, publishing something online. You can tell 

of instructions to the microcontroller on the board. It is like the brain of a project.

Because it is so flexible and open source, Arduino is the best solution if you are 

interested in creating interactive objects or 

designers. 

One of Seeed Studio’s motto is “Grow the Difference”, which has now become part of 

the culture of the company. This is not just reflected from what we are doing in 

popularizing open source culture, but 

funded, we are continuously creating our own open platform to differentiate from the 

existing one. 

Here at seeed, you can find not only Arduino boards, such as Arduino Nano and 

Arduino Mega, but also many boar

joint effort by Seeed Studio and Arduino. Seeeduino is compatible with Arduino while 

has more powerful functions and lower price. To start with, you can try the latest 

version Seeeduino V4.2 or Seeeduino Me
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2.4 Arduino Nano: 

-source prototyping platform based on easy

software. Arduino boards are able to read inputs - light on a sensor, a finger on a button, 

or a Twitter message - and turn it into an output - activating a motor, turning on an 

LED, publishing something online. You can tell your board what to do by sending a set 

of instructions to the microcontroller on the board. It is like the brain of a project.

Because it is so flexible and open source, Arduino is the best solution if you are 

interested in creating interactive objects or environments no matter you are

One of Seeed Studio’s motto is “Grow the Difference”, which has now become part of 

the culture of the company. This is not just reflected from what we are doing in 

popularizing open source culture, but also from our products. Ever since the company 

funded, we are continuously creating our own open platform to differentiate from the 

Here at seeed, you can find not only Arduino boards, such as Arduino Nano and 

Arduino Mega, but also many boards that derived from Arduino such as Seeeduino, a 

joint effort by Seeed Studio and Arduino. Seeeduino is compatible with Arduino while 

has more powerful functions and lower price. To start with, you can try the latest 

version Seeeduino V4.2 or Seeeduino Mega that corresponding to Arduino Mega.

Fig: 2.4. Arduino Nano pinout: 
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ga that corresponding to Arduino Mega. 
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Arduino is an open-source platform used for building electronics projects. Arduino 

consists of both a physical programmable circuit board (often referred to as 

a microcontroller) and a piece of software, or IDE (Integrated Development 

Environment) that runs on your computer, used to write and upload computer code to 

the physical board. 

The Arduino platform has become quite popular with people just starting out with 

electronics, and for good reason. Unlike most previous programmable circuit boards, 

the Arduino does not need a separate piece of hardware (called a programmer) in order 

to load new code onto the board – you can simply use a USB cable. Additionally, the 

Arduino IDE uses a simplified version of C++, making it easier to learn to program. 

Finally, Arduino provides a standard form factor that breaks out the functions of the 

micro-controller into a more accessible package. 

 

Fig: 2.5. Arduino IDE: 

 

 The micro-USB connector is not soldered to the board very well and is easily 

broken. 

There are multiple versions of this board with different connectors. Refer to the pictures 

for examples. You can increase the strength by re-soldering the connector and possibly 

covering the connector in epoxy glue or hot-melt glue. 

 The 3.3V voltage regulator is a very small, knock-off device. It overheats quickly 

and often has no thermal protection, feeding through its input voltage when it fails. 

 It's recommended to power external components with another regulator so that the 

power draw on the Blue Pill does not exceed 100 mA. 
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 Analogue power and ground is connected directly to digital power and ground, 

which can cause additional noise on the ADC input. 

 The reset button on some of these boards is very hard to press. 

 There is no dedicated USB reset circuitry on this board. 

 There is no Schottky diode between USB +5V and system VIN power. So you 

cannot power the board directly from a 5 Volt supply, and use USB at the same 

time. 

 Most bluepill boards have the wrong pullup resistor value which prevents native 

USB from working properly. The R10 resistor should have a value of 1k5 and be 

pulled up to 3v3. In spite of this flaw, native USB will work on some PCs. Try the 

board on your PC before you bother changing the resistor. 

 Microcontroller:-Most of the arduino board makes use of Atmel AVR.   

Microcontroller is the place where all your codes stored and executed. 

Microcontroller used in most commonly used arduino UNO is the ATmega328p. 

 Pins:-These pins are used to make connections with sensors and module, Common 

pins on arduino boards are 5V, 3.3V, GND, Digital, PWM, Analog, AREF. 

 Power supply and USB:- USB is used to upload the code onto your arduino board 

along with it you can power your arduino board via USB but it might not be always 

handy to power your arduino with USB in that case you can use barrel jack which is 

provided for power supply.A power supply anywhere between 6-12 volt will be 

good to power your arduino. 

 Reset button:-This button is used to restart your arduino and make it to run the 

code from the beginning.          

 Power LED indicator:-On the arduino board you will find a LED just next to 'ON' 

this LED glows when you connect your arduino to a power supply.If this LED does 

not glow either there is problem in the board or you have not connected the arduino 

board with power supply properly. 

 RX and TX LED:-First of all RX and TX is short term for receive and transmit 

respectively. Whenever there is data transfer while uploading code or 

communicating with bluetooth module etc these LED glow. 
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 Voltage regulator:

turning away extra voltage which may dame our board. This regulator also has a 

limit so Do Not burn up arduino by supplying power more than 20 volts.

 So now that we know what is an arduino and and what are its essential components 

now I will guide you through some of the most popular arduino available to us.

1) Arduino UNO:

Microcontroller:

2) Arduino NANO:

when compared to an arduino UNO but it is cap

which any other Arduino board can do.

3) Arduino Mega

it has 54 digital

Arduino clones

 There are many clone

board.I would recommend

purpose but at lower

in Italy arduino boards.
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Voltage regulator:-This controls the amount of voltage which is let in

turning away extra voltage which may dame our board. This regulator also has a 

limit so Do Not burn up arduino by supplying power more than 20 volts.

So now that we know what is an arduino and and what are its essential components 

guide you through some of the most popular arduino available to us.

1) Arduino UNO:- is the most popular and most used arduino.

Microcontroller:- ATmega328pWeight:- 25g For moredetails click

2) Arduino NANO:- the main feature of this board is its size ,it is very small 

when compared to an arduino UNO but it is capable of doing most of the things 

which any other Arduino board can do. 

Mega 2560 Rev3:- This board is used for more

digital pins and 16 analog pins. 

clones 

clone version of arduino which are way cheaper

recommend a clone arduino for beginners as

lower cost.Once you are familiar with it you can

boards. 

Fig: 2.6 Blynk 1 Arduino: 

System Using IOT 
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This controls the amount of voltage which is let into arduino by 

turning away extra voltage which may dame our board. This regulator also has a 

limit so Do Not burn up arduino by supplying power more than 20 volts.  

So now that we know what is an arduino and and what are its essential components 

guide you through some of the most popular arduino available to us. 

is the most popular and most used arduino. 

25g For moredetails click here. 

the main feature of this board is its size ,it is very small 

able of doing most of the things 

more complex projects as 

cheaper than the original 

as it serves the same 

can go for original made 
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The Arduino Nano is a small, complete, and breadboard-friendly board based on the 

ATmega328 (Arduino Nano 3.0) or ATmega168 (Arduino Nano 2.x). It has more or 

less the same functionality of the Arduino Duemilanove, but in a different package. It 

lacks only a DC power jack, and works with a Mini-B USB cable instead of a standard 

one. The Nano was designed and is being produced by Gravitech. The Nano 328 is a 

small, complete, and breadboard-friendly board based on the ATmega328 (Arduino 

Nano 3.0) or ATmega168 (Arduino Nano 2.x).It have an integrated on-board USB. As 

the function, It has almost all the analog and digital pins that the UNO or Duemilanove 

has and the same function as Duemilanove or UNO. This Nano 328(Arduino 

compatible) can go with the IO Shield for Arduino Nano, it would be more friendly and 

convenient for users to enter the Arduino world and make use of Arduino to make their 

dream into reality. 

As an upgrade version of Arduino Nano, This Nano 328 is 100% compatible to Arduino 

Nano and its shield and IDEs. On the hardware part, remarkable changes are taken to 

improve the flexibility and user experience. The Arduino Nano is a small, complete, 

and breadboard-friendly board based on the ATmega328P (Arduino Nano 3.x). It 

has more or less the same functionality of the Arduino Duemilanove, but in a 

different package. It lacks only a DC power jack, and works with a Mini-B USB 

cable instead of a standard one. 

Arduino board designs use a variety of microprocessors and controllers. The boards are 

equipped with sets of digital and analog input/output (I/O) pins that may be interfaced 

to various expansion boards or breadboards (shields) and other circuits. The boards 

feature serial communications interfaces, including Universal Serial Bus (USB) on 

some models, which are also used for loading programs from personal computers. The 

microcontrollers are typically programmed using a dialect of features from the 

programming languages C and C++. In addition to using traditional compiler toolchains, 

the Arduino project provides an integrated development environment (IDE) based on 

the Processing language project. 

The Arduino project started in 2003 as a program for students at the Interaction Design 

Institute Ivrea in Ivrea, Italy, aiming to provide a low-cost and easy way for novices and 

professionals to create devices that interact with their environment using  sensors  
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and actuators.Common examples of such devices intended for beginner hobbyists 

include simple robots, thermostats and motion detectors. 

The name Arduino comes from a bar in Ivrea, Italy, where some of the founders of the 

project used to meet. The bar was named after Arduin of Ivrea, who was 

the margrave of the March of Ivrea and King of Italy from 1002 to 1014 

2.5 Arduino Nano 3.0:  

 Arduino Nano As its name, Arduino Nano is a compact and breadboard-friendly 

version board based on ATmega328 processor. It is more or less same functionality as 

the Arduino UNO but in different package. Instead of using the standard USB to 

connect to the computer, it uses the mini usb but without the power plug for external 

power source that built on Arduino UNO. The dimension of Arduino Nano is only 

43mm x 18mm, it comes with 6 PWM I/O from the total of 14 digitals I/O, 8 analog 

inputs, 16Mhz clock speed and 32kB of flash memory. 

Power (USB / Barrel Jack) 

Every Arduino board needs a way to be connected to a power source. The Arduino 

UNO can be powered from a USB cable coming from your computer or a wall power 

supply (like this) that is terminated in a barrel jack. In the picture above the USB 

connection is labeled (1) and the barrel jack is labeled (2). 

The USB connection is also how you will load code onto your Arduino board. More on 

how to program with Arduino can be found in our Installing and Programming 

Arduino tutorial. 

 GND (3): Short for ‘Ground’. There are several GND pins on the Arduino, any 

of which can be used to ground your circuit. 

 5V (4) & 3.3V (5): As you might guess, the 5V pin supplies 5 volts of power, 

and the 3.3V pin supplies 3.3 volts of power. Most of the simple components 

used with the Arduino run happily off of 5 or 3.3 volts. 

 Analog (6): The area of pins under the ‘Analog In’ label (A0 through A5 on the 

UNO) are Analog In pins. These pins can read the signal from an analog sensor 

(like a temperature sensor) and convert it into a digital value that we can read. 
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 Digital (7): Across from the analog pins are the digital pins (0 through 13 on the 

UNO). These pins can be used for both digital input (like telling if a button is 

pushed) and digital output (like powering an LED). 

 PWM (8): You may have noticed the tilde (~) next to some of the digital pins 

(3, 5, 6, 9, 10, and 11 on the UNO). These pins act as normal digital pins, but 

can also be used for something called Pulse-Width Modulation (PWM). We 

have a tutorial on PWM, but for now, think of these pins as being able to 

simulate analog output (like fading an LED in and out). 

 AREF (9): Stands for Analog Reference. Most of the time you can leave this pin 

alone. It is sometimes used to set an external reference voltage (between 0 and 5 

Volts) as the upper limit for the analog input pins. 

Reset Button 

Just like the original Nintendo, the Arduino has a reset button (10). Pushing it will 

temporarily connect the reset pin to ground and restart any code that is loaded on the 

Arduino. This can be very useful if your code doesn’t repeat, but you want to test it 

multiple times. Unlike the original Nintendo however, blowing on the Arduino doesn’t 

usually fix any problems. 

2.6 Power LED Indicator: 

Just beneath and to the right of the word “UNO” on your circuit board, there’s a tiny 

LED next to the word ‘ON’ (11). This LED should light up whenever you plug your 

Arduino into a power source. If this light doesn’t turn on, there’s a good chance 

something is wrong. Time to re-check your circuit! 

2.6.1 TX RX LEDs 

TX is short for transmit, RX is short for receive. These markings appear quite a bit in 

electronics to indicate the pins responsible for serial communication. In our case, there 

are two places on the Arduino UNO where TX and RX appear – once by digital pins 0 

and 1, and a second time next to the TX and RX indicator LEDs (12). These LEDs will 

give us some nice visual indications whenever our Arduino is receiving or transmitting 

data (like when we’re loading a new program onto the board). 
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2.6.2 Main IC 

The black thing with all the metal legs is an IC, or Integrated Circuit (13). Think of it as 

the brains of our Arduino. The main IC on the Arduino is slightly different from board 

type to board type, but is usually from the ATmega line of IC’s from the ATMEL 

company. This can be important, as you may need to know the IC type (along with your 

board type) before loading up a new program from the Arduino software. This 

information can usually be found in writing on the top side of the IC. If you want to 

know more about the difference between various IC’s, reading the datasheets is often a 

good idea. 

 

2.7 ESP01: 

The ESP-01 ESP8266 Serial WIFI Wireless Transceiver Module is a self-contained 

SOC with integrated TCP/IP protocol stack that can give any microcontroller access to 

your WiFi network. The ESP8266 is capable of either hosting an application or 

offloading all Wi-Fi networking functions from another application processor. Each 

ESP8266 module comes pre-programmed with an AT command set firmware, meaning, 

you can simply hook this up to your Arduino device and get about as much WiFi-ability 

as a WiFi Shield offers (and that’s just out of the box)! The ESP8266 module is an 

extremely cost-effective board with a huge, and ever growing, community. 

 

Fig: 2.7. ESP01 

This module has a powerful enough onboard processing and storage capability that 

allows it to be integrated with the sensors and other application specific devices through 

its GPIOs with minimal development up-front and minimal loading during runtime. Its 

high degree of on-chip integration allows for minimal external circuitry, including the 

front-end module, is designed to occupy minimal PCB area. The ESP8266 supports 
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APSD for VoIP applications and Bluetooth co-existing interfaces, it contains a self-

calibrated RF allowing it to work under all operating conditions and requires no external 

RF parts. 

There is an almost limitless fountain of information available for the ESP8266, all of 

which has been provided by amazing community support. In the Documents section 

below you will find many resources to aid you in using the ESP8266, even instructions 

on how to transforming this module into an IOT (Internet of Things) solution! 

Note: The ESP8266 Module is not capable of 5-3V logic shifting and will require an 

external Logic Level Converter. Please do not power it directly from your 5V dev 

board. 

The ESP8266 can be controlled from your local Wi-Fi network or from the internet 

(after port forwarding). The ESP-01 module has GPIO pins that can be programmed to 

turn an LED or a relay ON/OFF through the internet. The module can be programmed 

using an Arduino/USB-toTTL converter through the serial pins (RX, TX). 

 

Fig: 2.8. Connection of Hardware to ESP8266: 

Connecting the Hardware to Your ESP8266 We can either use a USB-to-TTL converter 

or use an Arduino to program the ESP8266. Here are three methods you can follow to 

upload the code to ESP8266 — select the one that suits you best. Refer to the following 

diagrams for each and set up the hardware accordingly. 
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Fig: 2.9. Pinout: 

Pins are arranged in two rows, having 4 on each row. Some models have pin description 

on the PCB, which make it simple. On the top row you can find following pins from the 

left to the right: 

1. GND (Ground from power supply) 

2. GPIO2 (Digital I/O programmable) 

3. GPIO0 (Digital I/O programmable, also used for BOOT modes) 

4. RX – UART Receiving channel 

On the bottom (second row) you can find: 

1. TX – UART Transmitting channel 

2. CH_PD (enable/power down, must be pulled to 3.3v directly or via resistor) 

3. REST – reset, must be pulled to 3.3v) 

4. VCC -3.3v power supply 

Power supply and current consumption 

All esp8266 arduino compatible modules must be powered with DC current from any 

kind of source that can deliver stable 3.3V and at least 250mA. Also logic signal is rated 

at 3.3v and the RX channel should be protected by a 3.3v divisor step-down. You 

should be careful when using this module with Arduino or other boards which supplies 

5v, because this module usually do not come with overpower protection and can be 

easily destroyed. 

ESP8266-01 gives you many methods to communicate with it through the RX/TX pins 

or over the air (OTA). The differences are not only in hardware but can be also in what 

kind of firmware is flashed out of the box. No matter what firmware comes default 

installed, you should be able to flash your preferred firmware by following the firmware 

flashing instruction from the datasheet. This module can be programmed using LUA 

code, Arduino code or directly through AT commands and this gives us more freedom 

when embedding this device in our projects. Also, there are few python firmware modes 



Smart Energy Monitoring And Controlling System Using IOT 
 

Department of EEE                                                                                                                  Page 22 
 
 
 

but I haven’t had the chance to test them. I personally choose to work with Arduino 

because of the past experience and tones of libraries available. As it comes, out of the 

box, this module is ready to talk via AT commands without any other extra settings or 

configurations. There are many software applications which you can use to 

communicate via AT and have tones of readymade tools and functions which will make 

everything easier. I used ESPlorer and I totally recommend it, you can find it here. After 

booting, to be able to use AT commands, module should display “ready” on the serial 

monitor. 

Few basic AT commands examples: AT – response OK 

AT+CWLAP – list nearby available Wi-Fi networks 

AT+GMR – check the firmware version 

AT+CWJAP=” <access_point_name>”,”<password>” – join WiFi network using 

credentials 

AT+CIFSR – get current allocated IP address 

In order to be able to talk with the ESP8266 arduino compatible module, you need to 

choose a way to connect it with your computer. You can communicate with the module 

via standard Serial communication RS232 by using an Arduino board as a proxy/bridge 

2.8. LIQUID CRYSTAL DISPLAY (LCD): 

 

Fig: 2.10. LCD: 

2.8.1 Pins of  Liquid Crystal Display 

· Vcc, at pin 16 controls the background contrast. 

· Vcc, at pin 2 controls the display contrast. 

· Pin 7 - 14 gets input data. 

· Pin 1 and pin 3 controls the brightness of the display. 

· Pin 5, gets a read/write signal. 

· Pin 6, enable signal. 

· Pin 4, data register select. 
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Table2.3: Pin Assignment 

 

 

2.8.2 Interfacing LCD 

Description: 

This is the first interfacing example for the Parallel Port. We will start with something 

simple. This example doesn't use the Bi-directional feature found on newer ports, thus it 

should work with most, if noall Parallel Ports.. These LCD Modules are very common 

these days, and are quite simple to work with, as all the logic required running them is 

on board 
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2.8.3 LCD Description: 

Above is the quite simple schematic. The LCD panel's Enable and Register 

Select is connected to the Control Port. The Control Port is an open collector / open 

drain output. While most Parallel Ports have internal pull-up resistors, there are a few 

which don't. Therefore by incorporating the two 10K external pull up resistors, the 

circuit is more portable for a wider range of computers, some of which may have no 

internal pull up resistors. We make no effort to place the Data bus into reverse direction. 

Therefore we hard wire the R/W line of the LCD panel, into write mode. This will cause 

no bus conflicts on the data lines. As a result we cannot read back the LCD's internal 

Busy Flag which tells us if the LCD has accepted and finished processing the last 

instruction. This problem is overcome by inserting known delays into our program. 

The 10k Potentiometer controls the contrast of the LCD panel. Nothing fancy 

here. As with all the examples, I've left the power supply out. You can use a bench 

power supply set to 5v or use a onboard +5 regulator. Remember a few de-coupling 

capacitors, especially if you have trouble with the circuit working properly. The 2 line x 

16 character LCD modules are available from a wide range of manufacturers and should 

all be compatible with the HD44780. The one I used to test this circuit was a Power trip 

PC- 1602F and an old Philips LTN211F-10 which was extracted from a Poker Machine! 

The diagram to the right shows the pin numbers for these devices. When viewed from 

the front, the left pin is pin 14 and the right pin is pin. 

The LCD panel requires a few instructions to be sent, to order to turn on the 

display and initialize it. This is what the first for loop does. These instructions must be 

sent to the LCD's Instruction Register which is controlled by the Register Select (Pin 4). 

When pin 4 is low the instruction register is selected, thus when high the data register 

must be selected. We connect this to the Parallel Port's Select Printer line which 

happens to be hardware inverted. Therefore if we write a '1' to bit 3 of the Control 

Register the Select Printer line goes low. We want to first send instructions to the LCD 

module. Therefore the Register Select line must be low. As it is hardware inverted, we 

will want to set bit 3 of the Control Register to '1'. However we don't want to upset any 

other bits on the Control Port. We achieve this by reading the Control Port and Oaring 

0x80 to it. E.g. out port (CONTROL, in port b (CONTROL) | 0x08); this will only set 

bit 3. After we place a data byte on the data lines, we must then signal to the LCD 
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module to read the data. This is done using the Enable line. Data is clocked into the 

LCD module on the high to low transition. The Strobe is hardware inverted, thus by 

setting bit 0 of the Control Register we get a high to low transition on the Strobe line. 

We then wait for a delay, and return the line to a high state ready for the next byte. After 

we initialize the LCD Module, we want to send text to it. Characters are sent to the 

LCD's Data Port, thus we want to clear bit 3. Once again we must only change the one 

bit, thus we use out port b (CONTROL, in port b(CONTROL) & 0xF7);. Then we set 

up another for loop to read a byte from the string and send it to the LCD panel. This is 

repeated for the length of the string. The delays should be suitable for most machines. If 

the LCD panel is not initializing properly, you can try increasing the delays. Likewise if 

the panel is skipping characters, e.g. Test, 2. On the other hand, if the LCD module is 

repeating characters e.g. testing then you may have a faulting Enable connection. Check 

your Enable to Strobe connection. 

 

2.9 Jumper Wires: 

 

Fig: 2.11. Jumper wires: 

A jump wire (also known as jumper, jumper wire, jumper cable, DuPont wire, or 

DuPont cable – named for one manufacturer of them) is an electrical wire, or group of 

them in a cable, with a connector or pin at each end (or sometimes without them – 

simply "tinned"), which is normally used to interconnect the components of 

a breadboard or other prototype or test circuit, internally or with other equipment or 

components, without soldering. 
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2.10  Power Supply:  

Input Power Supply For The Project 5v,1amp 

 

Fig: 2.12. Power supply: 

2.11 Resistor: 

Resistance R is the amount of opposition to the flow of electrical current. The higher the 

resistance, the more difficult it is for current to flow. The lower the resistance, the easier 

it is for current to flow. Resistance is measured in units called ohms, named after 

German scientist and mathematician Georg Simon Ohm. 

2.11.1 Types of Resistors: 

There are many thousands of different Types of Resistors and are produced in a variety 

of forms because their particular characteristics and accuracy suit certain areas of 

application, such as High Stability, High Voltage, High Current etc., or are used as 

general purpose resistors where their characteristics are less of a problem. 

All modern fixed value resistors can be classified into four broad groups, 

Carbon Composition Resistor - Made of carbon dust or graphite paste, low wattage 

values. 

Film or Cermet Resistor - Made from conductive metal oxide paste, very low 

wattage values. Wire-wound Resistor - Metallic bodies for heat sink mounting, very 

high wattage ratings. 

Semiconductor Resistor - High frequency/precision surface mount thin film technology. 

Resistance Color Code: In order to identify the nominal resistance and the tolerance of 

a resistor, manufacturers typically use a color band system known as the resistor color 

code. The electronic color code is used to indicate the values or ratings of electronic 

components, usually for resistors. 

The power rating is not indicated in the resistor color code and must be determined by 
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experience using the physical size of the resistor as a guide. 

For resistors with 5% or 10% tolerance, the color code consists of 4  color bands. 

For resistors with 1% or 2% tolerance, the color code consists of 5 bands. 

Tight tolerance resistors may have three bands for significant figures rather than two, or 

an additional band indicating temperature coefficient, in units of ppm/K. 

2.12 LDR Sensor Module: 

The LDR Sensor Module is used to detect the presence of light / measuring the intensity 

of light. The output of the module goes high in the presence of light and it becomes low 

in the absence of light. The sensitivity of the signal detection can be adjusted using 

potentiometer. 

LDR sensor module is a low-cost digital sensor as well as analog sensor module, which 

is capable to measure and detect light intensity. This sensor also is known as the Photo 

resistor sensor. This sensor has an onboard LDR(Light Dependent Resistor), that helps 

it to detect light. This sensor module comes with 4 terminals. Where the “DO” pin is a 

digital output pin and the “AO” pin is an analog output pin. The output of the module 

goes high in the absence of light and it becomes low in the presence of light. The 

sensitivity of the sensor can be adjusted using the onboard potentiometer. 

 

Fig: 2.13. LDR sensor module: 

LDR or Light Dependent Resistor is one type of variable resistor. It is also known as a 

photo resistor. The Light Dependent Resistor (LDR) works on the principle of “Photo 

Conductivity”. The LDR resistance is change according to the light intensity falls on the 

LDR.  When light intensity increase on the LDR surface, then the LDR resistance will 

decrease and the element conductivity will increase. When light intensity decrease on 

the LDR surface, then the LDR resistance will increase and the element conductivity 

will decrease. 
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2.12.1 Variable Resistor (Trim pot) 

The LDR sensor module has an onboard variable resistor or potentiometer, this variable 

resistor is a 10k preset. It is used to set the sensitivity of this LDR sensor. If it rotated 

counterclockwise direction, the sensitivity of the light intensity detection will decrease. 

 

Fig: 2.14 Trim Pot: 

1. Power LED 

This onboard LED indicates the LDR sensor module power supply is ON or OFF. When 

we turn on the sensor power supply this Green LED is also turn on.  

2. Output LED 

When the LDR sensor detects the light, the green LED is turn on. When the LDR sensor 

detects the darkness, the green LED is turn off. 

First of all, we need to connect the LDR sensor module to a 5v power supply. Then set 

the threshold voltage at the Non-Inverting input (3) of the IC according to the present light 

intensity by rotating the preset knob for setting the sensor sensitivity. 
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Table 2.4:Features: 

Pin 

No Pin Name Description 

1 VCC +5 v power supply Input Pin 

2 GND Ground (-) power supply Input Pin 

3 DO Digital Output Pin 

4 AO Analog Output Pin 

 

When light intensity increase on the surface of the LDR then the resistance of the LDR 

decreases. Then the maximum amount of voltage will be allocated across the resistor 

(R3). So, a Low amount of voltage from the LDR is given to the Inverting input (2) of 

the IC. Then the Comparator IC compares this voltage with the threshold voltage. In 

this condition, this input voltage is less than the threshold voltage, so the sensor output 

goes LOW (0). 

In contrast, When light intensity decrease (low/dark) on the surface of the LDR then the 

resistance of the LDR increases. Then the maximum amount of voltage will be allocated 

across the LDR (R2). So, a High amount of voltage from the LDR is given to 

the Inverting input (2) of the IC. Then the Comparator IC compares this voltage with 

the threshold voltage. In this condition, this input voltage is greater than the threshold 

voltage, so the sensor output goes High (1). 

 Can detect ambient brightness and light intensitive. 

 Adjustable sensitivity (via blue digital potentiometer adjustment) 

Operating voltage 3.3V-5V 

 With fixed bolt hole for easy installation 

 Small board PCB size: 3cm * 1.6cm 

 Power indicator (red) and the digital switch output indicator (green) 
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Pin outs: 

 External GND  

 DO digital output interface, a small plate (0 and 1) 

 AO small board analog output interface 

Usage: 

 Photosensitive resistor module most sensitive to environmental light intensity is 

generally used to detect the ambient brightness and light intensity. 

 Module light conditions or light intensity reach the set threshold, DO port output 

high, when the external ambient light intensity exceeds a set threshold, the 

module D0 output low; 

 Digital output D0 directly connected to the MCU, and detect high or low TTL, 

thereby detecting ambient light intensity changes; 

 Digital output module DO  can directly drive the relay module, which can be 

composed of a photoelectric switch; 

 Analog output module AO and AD modules can be connected through the AD 

converter, you can get a more accurate light intensity value 
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CHAPTER-3 

SOFTWARE DESCRIPTION 

3.1.Arduino IDE: 

Arduino is an open-source prototyping platform based on easy-to-use hardware and 

software. Arduino boards  are able to read inputs - light on a sensor, a finger on a 

button, or a Twitter message - and turn it into an output - activating a motor, turning on 

an LED, publishing something online. You can tell your board what to do by sending a 

set of instructions to the microcontroller on the board. To do so you use the Arduino 

programming language (based on Wiring), and the Arduino Software (IDE), based on 

Processing. Over the years Arduino has been the brain of thousands of projects, from 

everyday objects to complex scientific instruments. A worldwide community of makers 

- students, hobbyists, artists, programmers, and professionals - has gathered around this  

open-source platform, their contributions have added up to an incredible amount of 

accessible knowledge that can be of great help to novices and experts alike. 

  In the programming part, to facilitate communication between Arduino and LCD 

module, we make use of a built in library in Arduino <LiquidCrystal.h> – which is 

written for LCD modules making use of the Hitachi HD44780 chipset (or a compatible 

chipset). This library can handle both 4 bit mode and 8 bit mode wiring of LCD. In 4 bit 

mode, data is sent using 4 data pins and 3 control pins. In our project, R/W pin is always 

grounded so we require only 6 pins in 4 bit mode, thus saving no of pins. During 

interfacing  the library is first initialized and then define pins using the command Liquid 

Crystal lcd(RS, E, D4, D5, D6, D7), pins are assigned in this order. In program we can 

see this command as Liquid Crystal lcd(13,12, 11, 10, 9, 8), here RS pin to 13, Enable 

pin to 12, D4 pin to 11, D5 pin to 10, D6 pin to 9 and D7 pin to 8 respectively. 

The Arduino reads the sensor output through the analog input pins using analog Read 

function. For example “analog Read(moisture_sensorPin);” converts the voltage (in the 

range 0 to 5V) at the  A0 pin into a number (in the range 0 to 1023) This way the 

voltage at A0 is compared to a fixed number (avg_moisture) for identifying the current 

status of the soil. 

The status of the float switch is compared to identify the current water level and 

according to these both sensor status the controller will switch the motor to ON or OFF 
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condition. If  values from the float switches is high and if the reading from the moisture 

sensor is low, then controller will shows a full level tank status and a low level moisture 

status on LCD and  switches the motor to ON condition. This is done by giving a signal 

to the base of the BC547 transistor which is connected to the 4th pin of the arduino 

Nano. The controller will also switch the moisture status LED and the tank status LED 

OFF by writing a digital 0 to the 2nd and 3rd pin of arduino.  The motor will be in ON 

condition  until the moisture content goes above reference value or if the float switch 

status become low.  

3.1.1. Software program: 

The program is written in Arduino programming language. The code is well commented 

and is easy to understand. Compile the autowatering.ino code and upload it to the 

microcontroller, using Arduino IDE version 1. 

 

3.2. Hardware installation: 

The USB standard requires a 1.5 kΩ pullup resistor on D+, but this board is known to 

have a wrong value (R10 on the board). It ships with either a 10 kΩ resistor or a 4.7 kΩ 

resistor, but it should be replaced with a 1.5 kΩ resistor, or put an appropriate resistor 

value (e.g 1.8 kΩ) in between PA12 and 3.3V. It is also true that some PCs are tolerant 

of incorrect value so, before you change the resistance, you can try if it works in your 

case. 

3.2.1. Test Plan: 

Check the power supply connections 

· Insert smart card in to the smart card reader · Check LEDs  

· Check Microcontroller minimum requirements 

· Welcome message will be printed on LCD 

· Consumed units and available units are displayed on LCD 

· A message will be displayed if there is no smart card 

Window – Files. 

Now use from the menu Project – Select Device for Target and select a CPU for your 

project. The Select Device dialog box shows the μVision2 device database. Just select 

the microcontroller you use. We are using for our examples the Philips 80C51RD+ 
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CPU. This selection sets necessary tool options for the 80C51RD+ device and simplifies 

in this way the tool 

Configuration 

Building Projects and Creating a HEX Files: 

Typical, the tool settings under Options – Target are all you need to start a new 

application. You may translate all source files and line the application with a click on 

the Build Target toolbar icon. When you build an application with syntax errors, 

μVision2 will display errors and warning messages in the Output Window – Build page. 

A double click on a message line opens the source file on the correct location in a 

μVision2 editor window. Once you have 

successfully generated your application you can start debugging. After you have tested 

your application, it is required to create an Intel HEX file to download the software into 

an EPROM programmer or simulator. μVision2 creates HEX files with each build 

process when Create HEX file  under Options for Target – Output is enabled. You may 

start your PROM 

programming utility after the make process when you specify the program under the 

option Run User Program #1. 

CPU Simulation: 

μVision2 simulates up to 16 Mbytes of memory from which areas can be mapped for 

read, write, or code execution access. The μVision2 simulator traps and reports illegal 

memory accesses. In addition to memory mapping, the simulator also provides support 

for the integrated peripherals of the various 8051 derivatives. The on-chip peripherals of 

the CPU you have selected are configured from the Device 

Database selection: 

You have made when you create your project target. Refer to page 58 for more 

information about selecting a device. You may select and display the on-chip peripheral 

components using the Debug menu. You can also change the aspects of each peripheral 

using the controls in the dialog boxes. 

Start Debugging: 

You start the debug mode of μVision2 with the Debug – Start/Stop Debug Session 

command. Depending on the Options for Target – Debug configuration, μVision2 will 

load the application program and run the startup code μVision2 saves the editor screen 
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layout and restores the screen layout of the last debug session. If the program execution 

stops, μVision2 opens an editor window with the source text or shows CPU instructions 

in the disassembly window. The next executable statement is marked with a yellow 

arrow. During debugging, most editor features are still available. For example, you can 

use the find command or correct program errors. Program source text of your 

application is shown in the same windows. The μVision2 debug mode differs from the 

edit mode in the following aspects: The “Debug Menu and Debug Commands” 

described on page 28 are available. The additional debug windows are discussed in the 

following. The project structure or tool parameters cannot be modified. All build 

commands are disabled. 

Disassembly Window: 

The Disassembly window shows your target program as mixed source and assembly 

program or just assembly code. A trace history of previously executed instructions may 

be displayed with Debug – View Trace Records. To enable the trace history, set Debug 

– Enable/Disable Trace Recording. If you select the Disassembly Window as the active 

window all program step commands work on CPU instruction level rather than program 

source lines. You can select a text line and set or modify code breakpoints using toolbar 

buttons or the context menu commands. 

3.2.2. Web Page: 

The proposed system can be used to display load energy usage reading in terms of 

Watts. Every user would be able to access the information from anywhere on the earth. 

Blynk application is one such webpage which takes the help of the MathWorks 

MATLAB analytics to present the device information in a more detailed analysis in 

both description and visualization. Blynk application.com provides the user the ability 

to add any number of channels to one account and in each account information can be 

fed into 8 fields . An account can be assigned to one division of an area and n channels 

can be created to a suite of n meters in the locality. The analytics can be viewed by both 

the consumer and service provider. 

Blynk app: 

Blynk was designed for the Internet of Things. It can control hardware remotely, it can 

display sensor data, it can store data, visualize it and do many other cool things. 

There are three major components in the platform: 
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 Blynk App - allows to you create amazing interfaces for your projects using various 

widgets we provide. 

 Blynk Server - responsible for all the communications between the smartphone and 

hardware. You can use our Blynk Cloud or run your private Blynk server locally. It’s 

open-source, could easily handle thousands of devices and can even be launched on a 

Raspberry Pi. 

 Blynk Libraries - for all the popular hardware platforms - enable communication 

with the server and process all the incoming and out coming commands. 

 Now imagine: every time you press a Button in the Blynk app, the message travels 

to space the Blynk Cloud, where it magically finds its way to your hardware. It works 

the same in the opposite direction and everything happens in a blynk of an eye. 

 

Fig: 3.1. Blynk app control: 

 

 

Features: 

 Similar API & UI for all supported hardware & devices 

 Connection to the cloud using: 

o Wi-Fi 

o Bluetooth and BLE 

o Ethernet 

o USB (Serial) 

o GSM 
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 Set of easy-to-use Widgets 

 Direct pin manipulation with no code writing 

 Easy to integrate and add new functionality using virtual pins 

 History data monitoring via SuperChart widget 

 Device-to-Device communication using Bridge Widget 

 Sending emails, tweets, push notifications, etc. 

 New features are constantly added. 

1. Hardware. 

An Arduino, Raspberry Pi, or a similar development kit. 

Blynk works over the Internet. This means that the hardware you choose should be able 

to connect to the internet. Some of the boards, like Arduino Uno will need an Ethernet 

or Wi-Fi Shield to communicate, others are already Internet-enabled: like the ESP8266, 

Raspberry Pi with WiFi dongle, Particle Photon or SparkFun Blynk Board. But even if 

you don’t have a shield, you can connect it over USB to your laptop or desktop (it’s a 

bit more complicated for newbies, but we got you covered). What’s cool, is that the list 

of hardware that works with Blynk is huge and will keep on growing. 

2. A Smartphone. 

The Blynk App is a well designed interface builder. It works on both iOS and Android 

Getting Started With The Blynk App 

1. Create a Blynk Account 

After you download the Blynk App, you’ll need to create a New Blynk account. This 

account is separate from the accounts used for the Blynk Forums, in case you already 

have one. We recommend using a real email address because it will simplify things 

later. 
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An account is needed to save your projects and have access to them from multiple 

devices from anywhere. It’s also a security measure. we can always set up your 

own Private Blynk Server and have full control. 

2. Create a New Project 

After you’ve successfully logged into your account, start by creating a new project. 

 

3. Choose Your Hardware 

Select the hardware model you will use. Check out the list of supported hardware! 

 

4. Auth Token 

Auth Token is a unique identifier which is needed to connect your hardware to your 

smartphone. Every new project you create will have its own Auth Token. You’ll get 

Auth Token automatically on your email after project creation. You can also copy it 

manually. Click on devices section and selected required device : 
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And you’ll see token : 

 

NOTE: Don’t share your Auth Token with anyone, unless you want someone to have 

access to your hardware. 

It’s very convenient to send it over e-mail. Press the e-mail button and the token will be 

sent to the e-mail address you used for registration. You can also tap on the Token line 

and it will be copied to the clipboard. 

Now press the “Create” button. 
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5. Add a Widget 

Your project canvas is empty, let’s add a button to control our LED. 

Tap anywhere on the canvas to open the widget box. All the available widgets are 

located here. Now pick a button. 

Widget Box 

 

Drag-n-Drop - Tap and hold the Widget to drag it to the new position. 

Widget Settings - Each Widget has it’s own settings. Tap on the widget to get to them. 

 

The most important parameter to set is PIN . The list of pins reflects physical pins 

defined by your hardware. If your LED is connected to Digital Pin 8 - then 

select D8 (D - stands for Digital). 
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6. Run The Project 

When you are done with the Settings - press the PLAY button. This will switch you 

from EDIT mode to PLAY mode where you can interact with the hardware. While in 

PLAY mode, you won’t be able to drag or set up new widgets, press STOP and get 

back to EDIT mode. 

You will get a message saying “Arduino UNO is offline”. We’ll deal with that in the 

next section. 

 

 

Let’s take a look at the example sketch for an Arduino UNO + Ethernet shield 

#define BLYNK_PRINT Serial 

#include <SPI.h> 

#include <Ethernet.h> 

#include <BlynkSimpleEthernet.h> 
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char auth[] = "YourAuthToken"; 

void setup() 

{ 

Serial.begin(9600); // See the connection status in Serial Monitor 

Blynk.begin(auth);  // Here your Arduino connects to the Blynk Cloud. 

} 

void loop() 

{ 

Blynk.run(); // All the Blynk Magic happens here... 

} 

Auth Token 

In this example sketch, find this line: 

char auth[] = "YourAuthToken"; 

This is the Auth Token that you emailed yourself. Please check your email and copy it, 

then paste it inside the quotation marks. 

It should look similar to this: 

char auth[] = "f45626c103a94983b469637978b0c78a"; 

Upload the sketch to the board and open Serial Terminal. Wait until you see something 

like this: 

Blynk v.X.X.X 

Your IP is 192.168.0.11 

Connecting... 

Blynk connected! 

Congrats! You are all set! Now your hardware is connected to the Blynk Cloud! 

 

Blynking 

Go back to the Blynk App, push the button and turn the LED on and off! It should be 

Blynking. 
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Check out other example sketches. 

Feel free to experiment and combine different examples together to create your own 

amazing projects. 

For example, to attach an LED to a PWM-enabled Pin on your Arduino, set the slider 

widget to control the brightness of an LED. Just use the same steps described above. 

Blynk is a new platform that allows you to quickly build interfaces for controlling and 

monitoring your hardware projects from your IOS and Android device. After 

downloading the Blynk app, you can create a project dashboard and arrange buttons, 

sliders, graphs, and other widgets onto the screen 
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CHAPTER – 4 

HARDWARE PART  

 

 

 

 

 

Fig: 4.1. IOT Based  Energy Monitoring and Controlling system 
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Fig: 4.2.  Energy monitoring and control system using Blynk cloud 

 

4.1 Testing Of Project 

With the knowledge of operation of the system was tested step by step to the transistor 

output and the load was connected across the collector terminal of the transistor. 

 

ASSEMBLING 

The whole system was packed in a plastic casing and provision was made for the IR 

to sense light from the outside. 
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4.2. Software installation: 

A boot loader needs to be flashed using USB to Serial or ST-Link (SWD). See Flashing 

the boot loader. 

Note that after first flashing the boot loader you may have to place the board into 

"perpetual boot loader" mode before you can upload a sketch; place a resistor between 

pin PC14 and 3.3V, and then reset the board. You should now be able to flash a blank 

sketch, remove the resistor, and restart the board, after which uploading new sketches 

should work as expected. If you find that the IDE successfully resets your board, but 

dfu-util complains about no DFU-devices being present you may have to edit the maple-

upload script in tools-folder. Find the line where it calls upload-reset, and increase the 

value given to it. 

4.3 Web Page: 

The proposed system can be used to display load energy usage reading in terms of 

Watts. Every user would be able to access the information from anywhere on the earth. 

Blynk application.com is one such webpage which takes the help of the MathWorks 

MATLAB analytics to present the device information in a more detailed analysis in 

both description and visualization. Blynk application.com provides the user the ability 

to add any number of channels to one account and in each account information can be 

fed into 8 fields . An account can be assigned to one division of an area and n channels 

can be created to a suite of n meters in the locality. The analytics can be viewed by both 

the consumer and service provider. 

4.4 Testing: 

4.4.1: System Testing: 

            The purpose of testing is to discover errors. Testing is the process of trying to 

discover every conceivable fault or weakness in a work product. It provides a way to 

check the functionality of components, sub assemblies, assemblies and/or a finished 

product It is the process of exercising software with the intent of ensuring that 

theSoftware system meets its requirements and user expectations and does not fail in an 

unacceptable manner. There are various types of test. Each test type addresses a specific 

testing requirement. 
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4.4.2: Test strategy and approach: 

Field testing will be performed manually and functional tests will be 

written in detail. 

Test objectives 

 All field entries must work properly. 

 Pages must be activated from the identified link. 

 The entry screen, messages and responses must not be delayed. 

 

4.4.3 Integration Testing 

 Software integration testing is the incremental integration testing of two or more 

integrated software components on a single platform to produce failures caused by 

interface defects. 

 The task of the integration test is to check that components or software 

applications, e.g. components in a software system or – one step up – software 

applications at the company level – interact without error. 

Acceptance Testing: 

 User Acceptance Testing is a critical phase of any project and requires 

significant participation by the end user. It also ensures that the system meets the 

functional requirements. 

Test Results: All the test cases mentioned above passed successfully. No defects 

encountered. 

4.5 Applications of IOT: 

These are used in home automation, industrial purpose, street lighting, agriculture 

purpose 
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CHAPTER-5 

CONCLUSION AND FUTURE SCOPE 

5.1 Conclusion: 

Energy Monitoring using IOT is an innovative application of internet of things 

developed to control home appliances remotely over the cloud from anywhere in the 

world. In the proposed project current sensor is used to sense the current and display it 

on internet using IOT. The system updates the information in every 1 to 2 seconds on 

the internet using public cloud Blynk application.Also real time energy will be 

monitored and controlled using LDR module. 

5.2 Future scope:  

 In future, we can find the devices switching off by themselves when the energy is being 

wasted in the industries. There will be intervention needed. Also, there will be a 

development of the energy  modules which will be more efficient and flexible. 
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ABSTRACT: 
In these days Electrical energy is an important need 
the significance and utilization of power in increasing 
with each passing day. In order to raise the awareness 
about energy waste, an energy monitoring system is 
used that are designed by using Arduine hardware 
and software requirements. 
IOT has become a part of modern world as it is a way 
cheaper than other equipment’s. 
An IOT platform allows to access the information 
required and also ensures safe operations. The energy 
monitoring system measure the electrical parameters 
like current, voltage and P.f. These values are read by 
Aurding which are displayed on the liquid crystal 
display (LCD).The main and foremost advantage of 
the system is that it is designed using low power 
consumption. 
This approach is easy to design an efficient and real- 
time wireless network to monitor the power 
consumption of electrical appliances. 
Thus the power quality submitting was developed 
around Arduino by using IOT platform from that it 
provides an energy sub metering Integrated 
circuits(IC).Whatever the data obtained from the sub 
meter by using IOT and it is transferred for the user 
purpose through wireless. These are also measured 
for the load, power quality analysis and energy 
management. 
Keywords: Liquid Crystal Display (LCD), Integrated 
circuits(IC) 

 
(1) INTRODUCTION: 

Demand an electricity in increasing with each passing 
day. The generation, transmission and distribution of 
electrical energy gives the power system today 
electric power is viewed as a product with certain 
characteristics which can measured, predicted, 
guarantied and improved etc. Moreover it has 
become an integral part in our lives. Every consumer 

needs the power in such a way that the equipment 
runs in proper and safe conditions. Where power 
quality is essential for the equipment. Poor power 
quality may cause failures in the equipment. 
Therefore, power quality plays a major role to obtain 
reliable power. 
In general the electrical energy is generated, 
transmitted, and distributed to the consumers. The 
demand of electricity on the distributing is more than 
transmission side. With the increasing technology the 
electrical energy can be monitored easily with the 
help of wireless system utilization of electrical 
energy has been improved in all industrial and 
commercial sectors. Also, the misuse of the electrical 
energy is serious problem. In order to avoid this the 
energy monitoring system is designed which detects 
the power consumption. This in an IOT based system 
which is cost effective and can be accessible from 
anywhere in the world. 

This paper presents a case study of the 
wireless IOT based energy monitoring system which 
frequently monitors the electrical energy 
consumption by using Arduinos and Wi-Fi modules. 
The major advantages of this system is that it is cost 
effective and also detects faults easily. 
Internet of things (IOT), enables us to connect the 
normal life i.e, in our day to day devices with each 
other over the internet. The devices connected IOT 
concept, can be analyzed remotely. Normally IOT 
concept provides the basic infrastructure and 
opportunities to form a connection between the 
physical world and the computer based system. So 
this concept has been gaining importance with more 
and more wireless devices that are increasing very 
rapidly in the present market. The ESP 8266 WI-IF 
module which is used in the system provides the 
connectivity with the internet in the system. 
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(2) LITERATURE SURVEY: 
 

SANJEEV JASHI et.al[1] With the usage of power 
monitoring system one can see the power data which 
is collected from the hardware & real time 
monitoring of data on the cloud. It has a feasibility of 
monitoring power parameters remotely. The user can 
be able to view the power data of his home 
appliances from outstation. with the proper analysis 
of data the user can check where he can reduce the 
unnecessary usage of power by simply disconnecting 
the appliances. 

 
Dr. P.V. RAMA RAJU et.al [2] The system is 
designed on an embedded platform which is easy for 
designing purpose and it also consumes less power 
with a low cost. In this the continuous monitoring of 
electrical appliances can be observed through a 
website as well as an android app. By using wireless 
network the power consumption of home appliances 
can be controlled remotely. It also protects the load 
from high voltages. 

 
P.V.L. NARASIMHA et.al [3] By applying the IOT 
system to power quality monitoring the measured 
data can be analyzed with the standard values and 
also the data can be stored for future requirements 
and then data is processed through different 
connecting devices. The system can also be used to 
indicate the equipment performance giving the 
efficiency & power quality level. It can also be used 
to detect the problems such as voltage sag, swell. 

 
AKSHAY RAMESH JADHAV et.al [4] In this the 
system is simple, compact. It is a low cost 
implementation of secure wi-if based power monitor 
sensor. The use of power monitoring sensor is based 
upon the accuracy of power measurement. As it is 
small in size, multiple sensors can be used to monitor 
power consumption of multiple electrical appliances. 
This information regarding power consumption will 
help consumer in utilizing electricity in a efficient 
way. 

 
AMAM   HOSSAIN   BAGDADEE   et.al   [5]   The 
system has an effective power control procedure that 
builds a wireless network module. It has a better 
reliability in different situations. It has a control 
system stable for controlling separate intelligent 
network substation from voltage increase & voltage 
control technology in parallel monitoring power 
quality. As a digital automated intelligent power 
meter has maintained power quality & reduces power 
quality problems in network. Theft of power can 
overcome. Smart measurement framework based on 
the power flow sensors neutralized the weakness of 

the conventional power measurement frame work & 
used for electrical loads. 

 
(3) DESIGN AND IMPLEMENTATION: 

Sensor modules are interfaced to the load for 
measuring the electrical parameters of the load. A 
simple design of the energy monitoring system is 
shown in figure.Fig(1) describes the function 
description of energy monitoring system.The 
hardware and the software equipment’s are connected 
to the Arduino nano. An arduino is a small and bread- 
board friendly micro-controller used to communicate 
with software running on a computer. The electrical 
parameters are measured at the load and transmitted 
to the cloud via internet,the received values are 
displayed on the liquid crystal display i.e; LCD. 
The values can be stored and also accessed from 
anywhere in the world. It not only monitors the 
energy consumption but also detects the faults and 
protects them. The main advantage of using aurdino 
nano is that it is smaller in size when compared to the 
arduino uno.This energy monitoring system monitors 
equipment downtimes which empowers the user to 
reduce unwanted and unexpected breakdowns and 
schedules maintainance. 

 
(4) HARDWARW DESIGN: 

In this design, we make the use of aurdino nano, 
TCS712 voltage and current sensor, 16*2 LCD and 
power supply.This total model is setup in between the 
source and load. 
The following are the steps to understand the 
prototype of this IOT based energy monitoring 
system. 
A. SENSOR TO ARDUINO NANO: 
The input sensor i.e ; current sensor, voltage sensor, 
power sensor and power supply are connected to 
arduino nano .The input voltage for the arduino nano 
is in between 6.20v, and the operating voltage is 5v. 

 
Figure1 input sensor 
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B. ARDUINO NANO TO LCD: 
This system measures the electrical parameters like 
current,voltage and power factor. These values are 
read by arduino continuously and are displayed on 
the LCD through the ESP8266 wi-fi module. In-case 
of any faults, we can reset the arduino. 

 
Figure 2 ARDUINO NANO TO LCD 

This completes the hardware setting of arduino nano 
with the other equipment’s line sensors.LCD’s and so 
on, thus making ready for monitoring the energy of a 
system. 

 
(5) SOFTWARE DESIGN: 

In this project, Arduino is the main equipment as it is 
used to monitor the measured values continuously 
arduino IDE(integrated development environment) is 
a multi-use platform used for developing applications 
exclusively for android platform.It is also used in 
many automation systems for executing IOT projects. 
After selecting the arduino board i.e; arduino nano 
will write the code and it tests the code.If errors are 
found it will again re-checks the code and if no errors 
are found then the code will be uploaded to the 
arduino based.In the recent updates or technology, 
arduino has brought instant run which makes testing 
faster and easier.one more important thing is to check 
whether the code is compiled correctly or not. If done 
correctly port insertion will be the last step in the 
arduino board. 

 
(6) Experimental Results 

In general,the reference values of the electrical 
parameters like voltage,current are set in the 
arduino.for smooth functioning of the system,the 
input values should be given in such a way that they 
are likely nearer to the reference values.The 
measured values are continuously uploaded to the 
“THINGSPEAK” web server,read by arduino which 
will be displayed on LCD.The following are the 
graphs of electrical parameters shown in below 
figure. 

 

 
Fig:3 Hardware part of project 

 

Fig:4 Electrical parameter current 
The electrical parameters like current and 

power has the same type of characteristic. If the 
characteristics of power and current are constant with 
respect to time, then there will be smooth operation 
of equipment without any faults. 

 

Fig:5 Electrical parameter voltage 
As you can observe the non-uniform 

characteristics of voltage, we can clearly state that 
there is an uneven power supply which may cause 
damage to equipment. In order to avoid this, the 
power supply should be supplied in the permissible 
limits. 
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Fig:6 Electrical parameter power 
The electrical parameters like current and power has 
the same type of characteristic. If the characteristics 
of power and current are constant with respect to 
time, then there will be smooth operation of 
equipment without any faults. 

 
 

(6)        CONCLUSION: 
A small energy monitoring system is 
designed,developed and implemented to monitor 
current and voltage levels remotely over the cloud 
from anywhere in the world.This entire system is 
easy to design and it consumers less power.Also the 
system is developed at low cost and portable 
size.Thus,the continuous monitoring of the electrical 
appliances can be observed through a website or an 
android app.By using the cloud analytics we can 
predict the future energy consumptions there by 
making it more useful-in saving the energy. 
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ABSTRACT 
 

A new smart voltage and current monitoring system technique is proposed. It 

monitors a single phase electrical system using an Arduino platform as a 

microcontroller to read the voltage and current from sensors and then wirelessly send 

the measured data to monitor the results using a blynk application. The purpose of 

this project is to acquire the remote electrical parameters like voltage, current and 

frequency and send these real time values over WSN network using Wi-Fi along with 

temperature at power station. This project is also designed to protect the electrical 

circuitry by operating an spdt relay. This relay gets activated whenever the electrical 

parameters exceed the predefined values. The relay can be used to switch off the main 

electrical supply. User can send commands in the form of alert messages to read the 

remote electrical parameters. This system also can automatically send the real time 

electrical parameters periodically (based on time settings) in the form of message. This 

system can be designed to send alerts whenever the relay trips or whenever the 

voltage or current exceeds the predefined limits. This project makes use of a Arduino 

controller. The controller can efficiently communicate with the different sensors being 

used. The controller is provided with some internal memory to hold the code. This 

memory is used to dump some set of assembly instructions into the controller. And the 

functioning of the controller is dependent on these assembly instructions. The 

controller is programmed using embedded c language. The integrated smart voltage 

and current monitoring system design uses an Arduino Uno as the microcontroller to 

measure the results from voltage and current sensors and then send this data, after 

calculation, to the smartphone device of an end user using Wi-Fi module. The 

Arduino Uno controller and ESP8266 W-Fi module are a cheap microcontroller and 

wireless device, respectively. 
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INTRODUCTION 
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CHAPTER -1 

INTRODUCTION: 

The distance between the generators and load may be regarding hundreds of miles 

hence the amount of enormous power exchange over long distances has turned out as a result 

of the lack of quality of the electric power. During the earlier development stages, the issues on 

quality of power were not frequently reported. Demanding the quality of power being 

delivered to the user side has raised the alarm due to the increase in demand for electricity in 

the customer side. A huge amount of power is lost during the transportation of the general 

power which leads to the reduction in the quality of power received at substation. To Improve 

the quality of power with a different solution, it is necessary to be familiar with what sort of 

constraint has occurred. Additionally, if there is any inadequacy in the protection, 

monitoring, and control of a power system. The system might become unstable. Therefore, it 

necessary a monitoring system that can automatically detect, monitor, and classify the 

existing constraints on electrical lines. Today power still experiences control blackouts and 

power outages because of the absence of mechanized examination and poor deceivability of 

the utility over the grid.WSN will give the service provide the needed view by collecting 

information from the different sub-systems of the grid. A sensor node will decide information 

or to slightly delay this notification whether to notify the sink about this information 

immediately. PB COOP operation.1) The evaluation of sense data: we define three priority 

levels {0, 1, and 2}) The determination of a correspondence strategy: need 0-no further 

activity is performed, need 2-esteem is sent to the sink since it is considered as earnest and a 

warning should be straightforwardly sent, need 1-we consider that esteem ought to be 

accounted for in light of the fact that it might motion as blame or an issue that is less pressing 

than need 2 information. 
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1.1. Objective of Paper : 

 To improve quality of power 

 Remote sensing 

 To Maintain Continuity of supply 

 Real time monitoring. 

 
1.2. Proposed Method : 

The purpose behind this undertaking is to secure the unknown electrical parameters 

like Voltage, Current and Frequency and send these ongoing qualities over IOT based 

checking and control with the temperature at the power station. This venture is 

additionally intended to ensure the electrical hardware by working an Electromagnetic 

Relay. This Relay gets enacted at whatever point the electrical parameters surpass the 

predefined esteems. The Relay can be utilized to run a Circuit Breaker to turn off the 

fundamental electrical supply. The client can send orders as IOT to peruse the remote 

electrical parameters. This system additionally can consequently send the continuous 

electrical parameters intermittently (in view of time settings) as SMS. This system can 

be intended to send SMS alarms at whatever point the Circuit Breaker trips or at 

whatever point the Voltage or Current, recurrence surpasses as far as possible. 

1.3. System Study: 

FEASIBILITY STUDY 

The feasibility of the project is analyzed in this phase and business proposal 

is put forth with a very general plan for the project and some cost estimates. During 

system analysis the feasibility study of the proposed system is to be carried out. 

This is to ensure that the proposed system is not a burden to the company. For 

feasibility analysis, some understanding of the major requirements for the system 

is essential. Three key considerations involved in the feasibility analysis are 

 ECONOMICAL FEASIBILITY 

 TECHNICAL FEASIBILITY 

 SOCIAL FEASIBILITY 

ECONOMICAL FEASIBILITY 

This study is carried out to check the economic impact that the system will 

have on the organization. The amount of fund that the company can pour into the 

research and development of the system is limited. The expenditures must be 
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justified. Thus the developed system as well within the budget and this was achieved 

because most of the technologies used are freely available. Only the customized 

products had to be purchased. 

TECHNICAL FEASIBILITY 

This study is carried out to check the technical feasibility, that is, the 

technical requirements of the system. Any system developed must not have a high 

demand on the available technical resources. This will lead to high demands on the 

available technical resources. This will lead to high demands being placed on the 

client. The developed system must have a modest requirement, as only minimal or null 

changes are required for implementing this system. 

SOCIAL FEASIBILITY 

The aspect of study is to check the level of acceptance of the system by the 

user. This includes the process of training the user to use the system efficiently. The 

user must not feel threatened by the system, instead must accept it as a necessity. The 

level of acceptance by the users solely depends on the methods that are employed to 

educate the user about the system and to make him familiar with it. His level of 

confidence must be raised so that he is also able to make some constructive criticism, 

which is welcomed, as he is the final user of the system. 

1.4. Literature survey 
Literature survey is the most important step in Hardware and software development 

process. Before developing the tool it is necessary to determine the time factor, 

economy n company strength. Once these things r satisfied, ten next steps are to 

determine which operating system and language can be used for developing the tool. 

Once the programmers start building the tool the programmers need lot of external 

support. This support can be obtained from senior programmers, from book or from 

websites. Before building the system the above consideration r taken into account for 

developing the proposed system. 

1.5. IoT Applications: 

The IoT concept lends itself to solutions of specific problems in manufacturing. 

Process efficiency challenges, scheduling, logistics and quality control are all issues 

that could benefit from better, more timely and more accurate information. The IoT 

can deliver the 
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information that is required in real time with high accuracy. Companies are using 

these capabilities to improve their operations. Medical device manufacturers are 

trying to reduce costs while complying with regulations and delivering consistent 

quality. An IoT approach lets them identify bottlenecks in production, unnecessarily 

high costs and quality issues easily and precisely. They can see from production line 

data where inventory or material on hand is piling up due to lack of capacity at a 

given production point. They can track costs to make sure high-cost parts and 

processes deliver corresponding benefits. When products fail, they can track the serial 

number back to the production line and see exactly how that product was 

manufactured and where the failure originated. Solutions are often software based and 

can be implemented without major production disruptions. The information 

containing the problems and the tools for implementing solutions are both online. 

The Internet of Things is coming and in some industries is already here but is in its 

infancy. Industrial Automation is ahead of most other industries in the readiness for 

the Internet of Things (IoT) and more specifically for the Industrial Internet of 

Things(IIoT). When one looks at the deployment of the sensors, actuators, and low- 

level devices that are needed to enable IoT or IIoT, Industrial Automation has an 

advantage. 

 

Most industries are waiting on the deployment of the low-level connected devices to 

enable IoT in that industry. Industrial Automation on the other hand already has over 

a billion connected devices deployed. By connected device I mean an end node that is 

Internet Protocol (IP) enabled or is directly controlled by a proxy device that is IP 

enabled. On a curve of connected devices needed to make IoT effective, Industrial 

Automation is much higher up the curve than other industries. That is not to say 

Industrial Automation is done growing with respect to IoT far from it. There will be 

many more devices deployed at an increasing rate. The rate of growth will be lower 

with respect to some of the other industries and especially in regards to commodity 

device industries. The Industrial Automation rate of growth will still be impressive. 

 

Where Industrial Automation may be lagging other industries is in the gathering of 

useful data and the use of this data. Much of the information that resides on the end 

device that could be useful is not gathered. Data that is not consumed at the field or 

process levels in the traditional Industrial Automation hierarchy is not gathered. If it is 
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gathered, the data is not being sent up the network in most cases. The value of this data 

is increasing and Industrial Automation networks are starting to collect the data and 

communicate this data farther up the hierarchy. Energy usage and concerns are the 

first initiative spurring the change in the data transmission strategy. However if the 

data is not used then there is no reason to collect it. With all these enabled connected 

devices in Industrial Automation and the desire to communicate more data there is a 

concern for cyber security. Stuxnet taught us this. Cyber security is being addressed. 

Even in resource constrained devices there are solutions to support encryption and 

other cyber security requirements. The Scalable Encryption Algorithm (SEA) is an 

example. 

 

The Industrial Internet of Things will change how Industrial Automation networks are 

designed and used, both now and in the future. IIoT will increase the productivity of 

the Industrial Automation network. With the large number of currently deployed 

connected end devices, the understanding of the value of new data that is available at 

the end device, the deployment of cyber security practices, Industrial Automation is 

already part of the Internet of Things. There are more changes to come for Industrial 

Automation and IIoT. Industrial Automation is ready for these changes as well. 

1.6. Problem Statement 

To build the system which can monitor the sensor data and upload it over internet and 

also capable of taking some crucial decision within industries using the IoT. 
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CHAPTER 2 

HARDWARE DESCRIPTION 

2.1 Current sensor ACS712 Module : 

 
The invention of electricity has led to a revolutionary change in the life of 

humans. We invented many innovative applications of electricity to make our daily 

life easier. Today almost all of our equipment runs on electricity. The flow of charge 

is known as Current. Different devices need a different amount of current based on 

their functional requirements. Some devices are so sensitive that they get damaged 

when a high amount of current is delivered to them. So, to save such a situation and 

monitor the amount of current required or being used in an application, measurement 

of current necessary. This is where the Current Sensor comes into play. One such 

sensor is the ACS712 Current Sensor. 

Current flowing through a conductor causes a voltage drop. The relation between 

current and voltage is given by Ohm‘s law. In electronic devices, an increase in the 

amount of current above its requirement leads to overload and can damage the device. 

Measurement of current is necessary for the proper working of devices. Measurement 

of voltage is Passive task and it can be done without affecting the system. Whereas 

measurement of current is an Intrusive task which cannot be detected directly as 

voltage. 

For measuring current in a circuit, a sensor is required. ACS712 Current Sensor is the 

sensor that can be used to measure and calculate the amount of current applied to the 

conductor without affecting the performance of the system. ACS712 Current Sensor is 

a fully integrated, Hall-effect based linear sensor IC. This IC has a 2.1kV RMS voltage 

isolation along with a low resistance current conductor. 

 

2.1.1. Working Principle: 

Current Sensor detects the current in a wire or conductor and generates a signal 

proportional to the detected current either in the form of analog voltage or digital 

output. Current Sensing is done in two ways – Direct sensing and Indirect Sensing. In 

Direct sensing, to detect current, Ohm‘s law is used to measure the voltage drop 

occurred in a wire when current flows through it. A current-carrying conductor also 

gives rise to a magnetic field in its surrounding. In Indirect Sensing, the current is 

measured by calculating this magnetic field by applying either Faraday‘s law or 
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Ampere law. Here either a Transformer or Hall effect sensor or fiber optic current 

sensor are used to sense the magnetic field. 

 

ACS712 Current Sensor uses Indirect Sensing method to calculate the current. 

To sense current a liner, low-offset Hall sensor circuit is used in this IC. This sensor 

is located at the surface of the IC on a copper conduction path. When current flows 

through this copper conduction path it generates a magnetic field which is sensed by 

the Hall effect sensor. A voltage proportional to the sensed magnetic field is generated 

by the Hall sensor, which is used to measure current. 

The proximity of the magnetic signal to the Hall sensor decides the accuracy of 

the device. Nearer the magnetic signal higher the accuracy. ACS712 Current Sensor is 

available as a small, surface mount SOIC8 package. In this IC current flows from Pin-

1 and Pin-2 to Pin-3 and Pin-4. This forms the conduction path where the current is 

sensed. Implementation of this IC is very easy. ACS712 can be used in applications 

requiring electrical isolation as the terminals of the conduction path are electrically 

isolated from the IC leads. Thus, this IC doesn‘t require any other isolation techniques. 

This IC requires a supply voltage of 5V. Its output voltage is proportional to AC or 

DC current. ACS712 has a nearly zero magnetic hysteresis. Where Pin-1 to Pin-4 

forms the conduction path, Pin-5 is the signal ground pin. Pin-6 is the FILTER pin 

that is used by an external capacitor to set the bandwidth. Pin-7 is the analog output 

pin. Pin-8 is the power supply pin. 

Applications of ACS712 Current Sensor 

 
This IC can detect both AC and DC current so, it has a wide range of 

applications. ACS712 is used in Peak detection circuits, circuits to increase gain, 

rectification application for AtoD converters, Overcurrent fault latch, etc…The filter 

pin provided by this IC is used to eliminate the attenuation effect in resistor divider 

circuits. ACS712 is used in many industrial, commercial and communication 

applications. This IC is applicable for Automobile applications. Some of the typical 

applications of this IC can be found in motor control circuits, for load detection and 

management, SMPS, overcurrent fault protection circuit. This IC can measure current 

for high voltage loads operating at 230V AC mains. To read the values it can be easily 

interfaced with the ADC of a microcontroller. The ACS712 is a fully integrated, hall 

effect-based linear current sensor with 2.1kVRMS voltage isolation and a integrated 
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low-resistance current conductor. Technical terms aside, it‘s simply put forth as a 

current sensor that uses its conductor to calculate and measure the amount of current 

applied. 

The features of ACS712 include: 

 

 80kHz bandwith 

 66 to 185 mV/A output sensitivity 

 Low-noise analog signal path 

 Device bandwith is set via the new FILTER pin 

 1.2 mΩ internal conductor resistance 

 Total output error of 1.5% at TA = 25°C 

 Stable output offset voltage. 

 Near zero magnetic hysteresis 

ACS712 Current Sensor work: 

 
Now that we‘ve had an idea of what the ACS712 is capable of, we‘ll take a look at its 

working principle. Well, when it comes to how a current sensor works, it can either be done 

through direct or indirect sensing. For the ACS712, it uses indirect sensing. 

 

 For current sensors that work by direct sensing, ohm‘s law is being applied to 

measure the drop in voltage when flowing current is detected. 

ACS712 working procedure: 

 Current flows through the onboard hall sensor circuit in its IC 

 The hall effect sensor detects the incoming current through its magnetic field 

generation 

 Once detected, the hall effect sensor generates a voltage proportional to its magnetic 

field that‘s then used to measure the amount of currentACS712 Current Sensor 

Applications 

We‘ve established a general idea of what current sensors are applicable for earlier. 

Well, with the ACS712 IC being able to detect both AC/DC current, it can be used in 

a wider range of applications apart from electrical appliances. Be it Arduino/other 

microcontroller usages, or industrial, commercial, and communication applications, it 

can be found applicable. 
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Here are the common list of applications: 

 Motor speed control in motor control circuits 

 Electrical load detection and management 

 Switched-mode power supplies (SMPS) 

 Protection for over-current 

 
The ACS712 Module uses the famous ACS712 IC to measure current using 

the Hall Effect principle. The module gets its name from the IC (ACS712) used in the 

module, so for you final products use the IC directly instead of the module. 

These ACS712 module can measure current AC or DC current ranging from +5A to - 
5A, 

+20A to -20A and +30A to -30A. You have to select the right range for your project 

since you have to trade off accuracy for higher range modules. This modules outputs 

Analog voltage (0-5V) based on the current flowing through the wire; hence it is very 

easy to interface this module with any microcontroller. 

As told earlier it is very simple to interface the ACS712 Module with 

Microcontrollers. The below diagram would be more illustrative 

 

 

 
The ACS712 module has two phoenix terminal connectors (green colour ones) 

with mounting screws as shown above. These are the terminals through which the 

wire has to be passed. In our case I am measuring the current drawn by the motor so 

the wires that is going to the load (motor) is passed through the ACS 712 Module. Make 

sure the module is connected in series with the load and be extra cautious to avoid 

shorts. 

On the other side we have three pins. The Vcc is connected to +5V to power 

the module and the ground is connected to the ground of the MCU (system). Then the 

analog voltage given out by the ACS712 module is read using any analog pin on the 

Microcontroller. 
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Programming for ACS712 Module 

 
There are few things to know before we could program our Microcontrollers 

to read current from ACS712 Module. By default, when no current is flowing through 

the module terminals the output voltage will be +2.5V (Vcc/2), when the current flows 

in one direction the value will increase from 2.5V and when it flows in other direction 

the values will decrease from 2.5V. This way the module enables us to measure both 

AC current and DC current. 

 
Let us assume that the microcontroller you are using has a 10-bit ADC and 

operates at 5V with a reference voltage of 5V for ADC conversion in that case the 

microcontroller will read the values of ADC from 0 to 1024. Then you can use the 

formulae below to calculate the Output Voltage from ADC values. 

Vout (mV) = (ADC Value/ 1023) *5000 

 
 

After calculating the output voltage, we can, calculate the value of current 

from the voltage using the below formulae 

Current Through the Wire (A) = (Vout(mv)-2500)/Scale factor 

Note that the value of scale factor changes for every module based on its 

range. The values of scale factor for all three modules are given in the specifications 

above. 

ACS712 Current Sensor Module 
 

Fig.2. ACS712 Current Sensor Module 
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ACS712 Current Sensor Pinout Table 1: Pin Configuration 

 

Pin 

Number 

Pin Name Description 

1 Vcc Input voltage is +5V for typical applications 

2 Output Outputs Analog voltage proportional to current 

3 Ground Connected to ground of circuit 

T1 Wire In The wire through current has to be measured is connected here 

T2 Wire Out 

 
Specifications 

 
 Measures both AC and DC current 

 Available as 5A, 20A and 30A module 

 Provides isolation from the load 

 Easy to integrate with MCU, since it outputs analog voltage 

 Scale Factor 
 
 

5A Module 20A Module 30A Module 

185mV/Amp 100mV/Amp 66mV per Amp 
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2.2. Voltage Sensor Module: 

Description:- 

Voltage Sensor is a precise low cost sensor for measuring voltage. It is based 

on principle of resistive voltage divider design. It can make the red terminal connector 

input voltage to 5 times smaller. Arduino analog input voltages up to 5V, the voltage 

detection module input voltage not greater than 5Vx5=25V (if using 3.3V systems, 

input voltage not greater than 3.3Vx5=16.5V). 

Arduino AVR chips have 10-bit AD, so this module simulates a resolution of 

0.00489V (5V/1023), so the minimum voltage of input voltage detection module is 

0.00489Vx5=0.02445V. 

Features: - 

 
 Voltage input range: DC 0-25V 

 Voltage detection range: DC 0.02445V-25V 

 Voltage Analog Resolution: 0.00489V 

 DC input connector: Terminal cathode connected to VCC, GND negative pole 

 Output interface: "+" connect 5/3.3V, "-" connect GND, "s" connects the 

Arduino AD pins 
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Fig.3.Voltage Sensor Module Voltage Sensor Module Pinout 

Voltage Sensor is a precise low-cost sensor for measuring voltage. It is based on the 

principle of resistive voltage divider design. It can make the red terminal connector 

input voltage to 5 times smaller. 

Voltage Sensor Module Pinout Configuration 
 

Pin Name Description 

VCC  
Positive terminal of the External voltage source (0-25V) 

GND Negative terminal of the External voltage source 

S Analog pin connected to Analog pin of Arduino 

+ Not Connected 

- Ground Pin connected to GND of Arduino 

 
Voltage Detection Sensor Module Features & Specifications 

Input Voltage: 0 to 25V 

Voltage Detection Range: 0.02445 to 25 Analog Voltage Resolution: 0.00489V Needs 

no external components 

Easy to use with Microcontrollers Small, cheap and easily available Dimensions: 4 × 3 

× 2 cm 

Brief about Voltage Sensor Module 

Voltage Detection Sensor Module is a simple and very useful module that uses a 

potential divider to reduce any input voltage by a factor of 5. This allows us to use the 

Analog input pin of a microcontroller to monitor voltages higher than it capable of 

sensing. For example, with a 0V - 5V Analog input range, you are able to measure a 
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voltage up to 25V. This module also includes convenient screw terminals for easy and 

secure connections of a wire. 

The internal circuit diagram of the Voltage Sensor Module is given below. 
 

The voltage circuit consists of a voltage divider circuit of two resistors in which R1 is 

30K and R2 is 7.5K. 

This is a simple but very useful module which uses a potential divider to reduce an 

input voltage by a factor of 5. The Voltage Sensor Module 25V allows you to use the 

analog input of a microcontroller to monitor voltages much higher than it capable of 

sensing. 

For example with a 0-5V analog input range, you are able to measure a voltage up to 

25V. This voltage sensor module also includes convenient screw terminals for easy and 

secure connection of a wire. 

This module is based on the principle of resistive voltage divider design, can make the 

red terminal connector input voltage to 5 times smaller. Arduino analog input voltages 

up to 5 v, the voltage detection module input voltage not greater than 5Vx5=25V (if 

using 3.3V systems, input voltage not greater than 3.3Vx5=16.5V). 

Arduino AVR chips have 10-bit AD, so this module simulates a resolution of 

0.00489V (5V/1023), so the minimum voltage of input voltage detection module is 

0.00489Vx5=0.02445V. 

Note: 

Keep in mind, you are restricted to voltages that are less than 25 volts. More than that 

and you will exceed the voltage limit of your Arduino input. 
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Connection Diagram 

 

 

Features : 

 
1. Output Interface: ―+ ‖ connected 5/3.3V, ―-‖ connected GND, ―s‖ connected 

Arduino AD pins 

2. DC input interface: red terminal positive with VCC, negative with GND 

3. You can also use the IICLCD1602 LCD to display voltage. 

4. By 3P connector, connect this module with the expansion of board Arduino, not 

only makes it easier for you to detect voltage battery.Package Includes : 

1×Voltage Detection Sensor Module 

 
2.3. Arduino Nano power supply: 

The Arduino Nano can be powered via the Mini-B USB connection, 6-20V 

unregulated external power supply (pin 30), or 5V regulated external power supply 

(pin 27). The power source is automatically selected to the highest voltage source. 

The Nano has one 3.3V and two 5V power pins of which one is the VIN pin. With the 

VIN pin you can supply the Arduino Nano with a voltage between 7V-12V to run the 

microcontroller on battery for example. All three power pins provide a maximum 

currency of 50 mA. You can close the circuit with two ground pins. 

2.3. RELAY: 

Features 

Works on 5V 240V Appliances can be controlled from a ARM Processor with a 5V 

signal High power loads which cannot be directly controlled from ARM Processors 

can be switched on/off with this relay module. Loads like 12V DC Motors, Solenoids, 

LEDs, etc can be controlled with this module. Relay board uses high quality relays with 
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Fig.4. Internal circuit of 
Relay 

a maximum load of 7A/240 V AC or 7A/24V DC Board comes with connectors for 

easy connections to both the ARM Processor and the load The board uses high quality 

relays, which can handle a maximum of 7A/240 V AC or 7A/24V DC. Each relay has 

all three connections 

- Common, Normally Open, Normally Closed brought out to 3 pin screw terminals 

which makes it easy to make and remove connections. The board has a power 

indication and a relay status LED to ease debugging. The board requires a 5V to 

power supply to power the relay. The relay can then be turned on and off with 5V 

HIGH Signal from a ARM Processor. Power input and relay control signals are 

brought to header pins on the board. Hence, the board can be easily interface with our 

Arduino and development boards using our female to female jumper wires. The relay 

takes advantage of the fact that when electricity flows through a coil, it becomes an 

electromagnet. The electromagnetic coil attracts a steel plate, which is attached to a 

switch. So the switch's motion (ON and OFF) is controlled by the current flowing to 

the coil, or not, respectively. A very useful feature of a relay is that it can be used to 

electrically isolate different parts of a circuit. It will allow a low voltage circuit (e.g. 

5VDC) to switch the power in a high voltage circuit (e.g. 100 VAC or more). 

 
The relay operates mechanically, so it cannot operate at high speed. 
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There are many kind of relays. You can select one according to your needs. 

The various things to consider when selecting a relay are its size, voltage and current 

capacity of the contact points, drive voltage, impedance, number of contacts, 

resistance of the contacts, etc. The resistance voltage of the contacts is the maximum 

voltage that can be conducted at the point of contact in the switch. When the 

maximum is exceeded, the contacts will spark and melt, sometimes fusing together. 

The relay will fail. The value is printed on the relay. 

System Design: 

Relay Driver Circuit In relay driver circuit there are transistors, diodes and the 

relays. Relay driver circuit is used to control the light. This block can drive the 

various controlled devices. We are using +12V dc relay. As μC cannot drive relay 

directly so output signal from microcontroller is passed to the base of the transistor, 

which activates the particular relay so that it can select particular device to operate. 

Relays can control the charge flowing to the load. Load may be and AC device such 

as light, fan, Bulb etc. Load Relays control the flow of charge to the load. In this 

project we have used four bulbs of 10 Watt each as a load. But we can use any 

electronic object like tubelight, CFL, fans, cooler etc in place of bulbs. 
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Working: 
 

 

 

 

Fig.5: Circuit Diagram In this setup IR sensors transmit 40 kHz IR signal to 

receiver. 

 
The μController continuously monitors the signal transmitted by IR sensors.IR1 

is connected to PortC.6 and IR2 is connected to PortC.7 of μC . Initially we kept 

PC6=1 and PC7=1.When any object passes from entry sensor a signal is generated and 

output of IR sensor gives low trigger to μC pin PC6 then the counter on display will 

be incremented by one. When any object passes from exit sensor a signal is generated 

and output of IR sensor gives low trigger to μC pin PC7 then the counter on display 

will be decremented by one. When there is nobody in a Street counter displays „00‟ 

thenrelays are OFF & lights are OFF. 
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2.4. LM35 Temperature Sensor: 
 

fig.6.LM35 sensor pinout 

 
Table 2 : Pin Configuration: 

 
Pin 

Number 

Pin Name Description 

1 Vcc Input voltage is +5V for typical applications 

2 Analog 

Out 

There will be increase in 10mV for raise of every 1°C. Can 

range from -1V(-55°C) to 6V(150°C) 

3 Ground Connected to ground of circuit 

 
LM35 Regulator Features: 

 
 Minimum and Maximum Input Voltage is 35V and -2V respectively. Typically 5V. 

 Can measure temperature ranging from -55°C to 150°C 

 Output voltage is directly proportional (Linear) to temperature (i.e.) there will be a rise 

of 10mV (0.01V) for every 1°C rise in temperature. 

 ±0.5°C Accuracy 

 Drain current is less than 60uA 

 Low cost temperature sensor 

 Small and hence suitable for remote applications 

 Available in TO-92, TO-220, TO-CAN and SOIC package 
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 LM35 is a precession Integrated circuit Temperature sensor, whose output 

voltage varies, based on the temperature around it. It is a small and cheap IC 

which can be used to measure temperature anywhere between -55°C to 150°C. 

It can easily be interfaced with any Microcontroller that has ADC function or 

any development platform like Arduino. 

 Power the IC by applying a regulated voltage like +5V (VS) to the input pin 

and connected the ground pin to the ground of the circuit. Now, you can 

measure the temperate in form of voltage as shown below. 

 

 

 If the temperature is 0°C, then the output voltage will also be 0V. There will 

be rise of 0.01V (10mV) for every degree Celsius rise in temperature. The 

voltage can converted into temperature using the below formulae. 

 

LM35 Temperature Sensor Applications: 

 
 Measuring temperature of a particular environment 

 Providing thermal shutdown for a circuit/component 

 Monitoring Battery Temperature 

 Measuring Temperatures for HVAC applications. 

Steps to calculate temperature using LM35 temperature sensor 
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Following the above steps and tutorial, you can easily interface LM35 

temperature sensor with any microcontroller that has a built-in analog to digital 

converter pins. Almost all the microcontrollers today have built-in ADC. 

2.5. Arduino Nano: 

Arduino is an open-source prototyping platform based on easy-to-use hardware 

and software. Arduino boards are able to read inputs - light on a sensor, a finger on a 

button, or a Twitter message - and turn it into an output - activating a motor, turning 

on an LED, publishing something online. You can tell your board what to do by 

sending a set of instructions to the microcontroller on the board. It is like the brain of 

a project. 

Because it is so flexible and open source, Arduino is the best solution if you are 

interested in creating interactive objects or environments no matter you are artists, 

designers or hobbyists. 

One of Seeed Studio‘s motto is ―Grow the Difference‖, which has now become 

part of the culture of the company. This is not just reflected from what we are doing 

in popularizing open source culture, but also from our products. Ever since the 

company funded, we are continuously creating our own open platform to differentiate 

from the existing one. 

Here at Seeed, you can find not only Arduino boards, such such as Arduino 

Nano and Arduino Mega, but also many boards that derived from Arduino such as 

Seeeduino, a joint effort by Seeed Studio and Arduino. Seeeduino is compatible with 

Arduino while has more powerful functions and lower price. To start with, you can try 

the latest version Seeeduino V4.2 or Seeeduino Mega that corresponding to Arduino 

Mega. 

 Build circuit. 
 Power LM35 vcc to +5-20 volts 

Formula to convert voltage to 
 
Temperature 

and gnd to ground. The formula to convert the voltage to 

 Connect Vout to analog to digital centigrade temperature for LM35 is 

converter input. Centigrade Temperature = Voltage 

 Sample the ADC reading, vout Read by ADC / 10 mV(mills Volt) 

output voltage. I divided by 10 mV because Linear 

 Convert the voltage to scale factor is for LM35 is 10mV. 

temperature.  
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Fig.7.Arduino nano pin out 

Arduino is an open-source platform used for building electronics projects. Arduino 

consists of both a physical programmable circuit board (often referred to as a 

microcontroller) and a piece of software, or IDE (Integrated Development 

Environment) that runs on your computer, used to write and upload computer code to the 

physical board. The Arduino platform has become quite popular with people just 

starting out with electronics, and for good reason. Unlike most previous 

programmable circuit boards, the Arduino does not need a separate piece of hardware 

(called a programmer) in order to load new code onto the board – you can simply use 

a USB cable. Additionally, the Arduino IDE uses a simplified version of C++, making 

it easier to learn to program. Finally, Arduino provides a standard form factor that 

breaks out the functions of the micro-controller into a more accessible package. 
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 The micro-USB connector is not soldered to the board very well and is easily 

broken. There are multiple versions of this board with different connectors. Refer to 

the pictures for examples. You can increase the strength by re-soldering the connector 

and possibly covering the connector in epoxy glue or hot-melt glue. 

 The 3.3V voltage regulator is a very small, knock-off device. It overheats quickly 

and often has no thermal protection, feeding through its input voltage when it fails. 

It's recommended to power external components with another regulator so that the 

power draw on the Blue Pill does not exceed 100 mA. 

 Analogue power and ground is connected directly to digital power and ground, 

which can cause additional noise on the ADC input. 

 The reset button on some of these boards is very hard to press. 

 There is no dedicated USB reset circuitry on this board. 

 There is no Schottky diode between USB +5V and system VIN power. So you 

cannot power the board directly from a 5 Volt supply, and use USB at the same 

time. 

 Most bluepill boards have the wrong pullup resistor value which prevents native 

USB from working properly. The R10 resistor should have a value of 1k5 and be 

pulled up to 3v3. In spite of this flaw, native USB will work on some PCs. Try the 

board on your PC before you bother changing the resistor. 

 Microcontroller: - most of the Arduino board makes use of Atmel AVR. 

Microcontroller is the place where all your codes stored and executed. 

Microcontroller used in most commonly used Arduino UNO is the 

ATmega328p. 

 Pins: - these pins are used to make connections with sensors and module. 

Common pins on Arduino boards are 5V, 3.3V, GND, Digital, PWM, Analog, 

AREF. 

 Power supply and USB: - USB is used to upload the code onto your Arduino 

board along with it you can power your arduino board via USB but it might not 

be always handy to power your arduino with USB in that case you can use 

barrel jack which is provided for power supply.A power supply anywhere 

between 6- 12 volt will be good to power your arduino. 

  (Note:-Do Not use a power supply greater than 20 volt which might 

overpower your arduino and destroy it.) 
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 Reset button:- this button is used to restart your arduino and make it to run the 

code from the beginning. 

 Power LED indicator:- on the arduino board you will find a LED just next to 

'ON' this LED glows when you connect your arduino to a power supply.If this 

LED does not glow either there is problem in the board or you have not 

connected the arduino board with power supply properly. 

 RX and TX LED:- first of all RX and TX is short term for receive and transmit 

respectively.When ever there is data transfer while uploading code or 

communicating with bluetooth module etc these LED glow. 

 Voltage regulator:- this controls the amount of voltage which is let into 

arduino by turning away extra voltage which may dame our board.This 

regulator also has a limit so Do Not burn up arduino by supplying power more 

than 20 volts. 

 So now that we know what is an arduino and and what are its essential 

components now I will guide you through some of the most popular arduino 

available to us. Arduino clones 

 There are many clone version of arduino which are way cheaper than the 

original board.I would recommend a clone arduino for beginners as it serves 

the same purpose but at lower cost.Once you are familiar with it you can go 

for original made in Italy arduino boards. 

  

 

 

` The Arduino Nano is a small, complete, and breadboard-friendly board based 
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on the ATmega328 (Arduino Nano 3.0) or ATmega168 (Arduino Nano 2.x). It has 

more or less the same functionality of the Arduino Duemilanove, but in a different 

package. It lacks only a DC power jack, and works with a Mini-B USB cable instead 

of a standard one. The Nano was designed and is being produced by Gravitech. The 

Nano 328 is a small, complete, and breadboard-friendly board based on the 

ATmega328 (Arduino Nano 3.0) or ATmega168 (Arduino Nano 2.x).It have an 

integrated on-board USB. As the function, It has almost all the analog and digital pins 

that the UNO or Duemilanove has and the same function as Duemilanove or UNO. 

This Nano 328(Arduino compatible) can go with the IO Shield for Arduino Nano, it 

would be more friendly and convenient for users to enter the Arduino world and make 

use of Arduino to make their dream into reality. As an upgrade version of Arduino 

Nano, This Nano 328 is 100% compatible to Arduino Nano and its shield and IDEs. 

On the hardware part, remarkable changes are taken to improve the flexibility and 

user experience. The Arduino Nano is a small, complete, and breadboard-friendly 

board based on the ATmega328P (Arduino Nano 3.x). It has more or less the same 

functionality of the Arduino Duemilanove, but in a different package. It lacks only a 

DC power jack, and works with a Mini-B USB cable instead of a standard one. 

 

Arduino is an open-source hardware and software company, project and user 

community  that designs and manufactures single-board microcontrollers and 

microcontroller kits for building digital devices and interactive objects that can sense 

and control both physically and digitally. Its products are licensed under the GNU 

Lesser General Public License (LGPL) or the GNU General Public License(GPL),
[1]

 

permitting the manufacture of Arduino boards and software distribution by anyone. 

Arduino boards are available commercially in preassembled form or as do-it- yourself 

(DIY) kits. 
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Arduino board designs use a variety of microprocessors and controllers. The 

boards are equipped with sets of digital and analog input/output (I/O) pins that may 

be interfaced to various expansion boards or breadboards (shields) and other circuits. 

The boards feature serial communications interfaces, including Universal Serial Bus 

(USB) on some models, which are also used for loading programs from personal 

computers. The microcontrollers are typically programmed using a dialect of features 

from the programming languages C and C++. In addition to using traditional compiler 

toolchains, the Arduino project provides an integrated development environment 

(IDE) based on the Processing language project. 

The Arduino project started in 2003 as a program for students at the 

Interaction Design Institute Ivrea in Ivrea, Italy, aiming to provide a low-cost and 

easy way for novices and professionals to create devices that interact with their 

environment using sensors and actuators. Common examples of such devices 

intended for beginner hobbyists include simple robots, thermostats and motion 

detectors. 

The name Arduino comes from a bar in Ivrea, Italy, where some of the 

founders of the project used to meet. The bar was named after Arduin of Ivrea, 

who was the margrave of the March of Ivrea and King of Italy from 1002 to 1014 

 

Arduino Nano 2.3 (ATmega168): manual (pdf), Eagle files. Note: since the 

free version of Eagle does not handle more than 2 layers, and this version of the Nano 

is 4 layers, it is published here unrouted, so users can open and use it in the free 

version of Eagle. The Xduino Nano is a surface mount breadboard compatible version 

of the ever-popular Arduino micro controller. It's small, with integrated on-board 

USB, and is breadboard friendly. As the function, It has almost all the analog and 

digital pins that the UNO or Duemilanove has and the same function as Duemilanove 

or UNO. With the smaller and portable package, Xduino Nano would be more 
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friendly and convenient for users to enter the Arduino world and make use of Arduino 

to make their dream into reality. As a upgrade version of Arduino Nano, the Xduino 

Nano is 100% compatible to Arduino Nano and its shield and IDEs. On the hardware 

part, remarkable changes are taken to improve the flexibility and user experience. 

Specifications: 

Microcontroller Atmel ATmega168 or ATmega328 Operating Voltage: (logic level) 5 

V  Input Voltage: (recommended) 7-12 V Input Voltage: (limits) 6-20 V 

Digital I/O Pins: 14 (of which 6 provide PWM output) Analog Input Pins: 8 

DC Current per I/O Pin: 40 mA 

 

Flash Memory: 16 KB (ATmega168) or 32 KB (ATmega328) of which 2 KB used by 

bootloader 

SRAM: 1 KB (ATmega168) or 2 KB (ATmega328) 

EEPROM: 512 bytes (ATmega168) or 1 KB (ATmega328) Clock Speed: 16 MHz 

Dimensions: 0.73" x 1.70" 

Features : 

1. Power OK blue LED, RST red LED for reset the Nano. 

2. Green (TX), red (RX) and orange (L) LED 

3. Upgraded 5V voltage sourcing, more powerful drive capability. 

4. Mini-B USB for programming and serial monitor, TX&RX breakout for 

application as USB-UART convertor. 

5. Surface-Mount ICSP header 

6. Standard 0.1‖ spacing DIP (Breadboard Friendly) 

7. Power OK red LED, Green (TX), green (RX) and green (L) LED 

8. Upgraded 5V voltage sourcing, more powerful drive capability 

9. Mini-B USB for programming and serial monitor, TX&RX breakout for 

application as USB-UART convertor 

10. Surface-Mount ICSP header 

Standard 2.54mm spacing DIP (breadboard friendly) 
 

Item Min Typical Max Unit 

Microcontroller Atmega328&Atmega168 / 

Operating Voltage (logic level) 4.5 5.0 5.5 VDC 

Input Voltage(Recommended) 7 9 12 V 
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Digital I/O Pins 14(Of which 6 provide PWM Output) / 

Analog Input Pins 8 / 

DC Current per I/O Pin 40 mA 

Flash Memory 32KB(Atmega328);16KB(Atmefa168) / 

SRAM 2 KB 

EEPROM 1 KB 

Clock Speed 16 MHz 

  

Dimensions 7.0x 17.0 mm 

Weight  g 

Usage 
 

1. Atmega328, with more flash and ram memory. 

2. A RST LED added to show user the RST state; While all the package of LEDs 

upgraded. 

3. A0-A7 pins compatible with Arduino Stamp and Pro Mini. 

4. Upgrade of Power supply circuit with AMS117 Power 

The Xduino Nano can be powered via the mini-B USB connection or 6-20V 

unregulated external power supply (pin 30), or 5V regulated external power supply 

(pin 27). The power source is automatically selected to the highest voltage source. 

Also the Xduino Nano upgraded the power source circuit with a new IC AM117. This 

IC can supply a larger current than the previous IC 78M05 used in Arduino Nano, with 

this IC, the Xduino Nano can be compatible for more modules that may needs a larger 

current such as the GPRS module. The Arduino Nano can be powered via the Mini-B 

USB connection, 6- 20V unregulated external power supply (pin 30), or 5V regulated 

external power supply (pin 27). The power source is automatically selected to the 

highest voltage source. The Arduino Nano can be powered via the Mini-B USB 

connection, 6-20V unregulated external power supply (pin 30), or 5V regulated 

external power supply (pin 27). The power source is automatically selected to the 

highest voltage source. 

The FTDI FT232RL chip on the Nano is only powered if the board is being powered 

over USB. As a result, when running on external (non-USB) power, the 3.3V output 

(which is supplied by the FTDI chip) is not available and the RX and TX LEDs will 

flicker if digital pins 0 or 1 are high. 
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The FTDI FT232RL chip on the Nano is only powered if the board is being powered 

over USB. As a result, when running on external (non-USB) power, the 3.3V output 

(which is supplied by the FTDI chip) is not available and the RX and TX LEDs will 

flicker if digital pins 0 or 1 are high. 

Memory: 
 

The ATmega168 has 16 KB of flash memory for storing code (of which 2 KB is used 

for the bootloader); the ATmega328 has 32 KB, (also with 2 KB used for the 

bootloader). The ATmega168 has 1 KB of SRAM and 512 bytes of EEPROM (which 

can be read and written with the EEPROM library); the ATmega328 has 2 KB of 

SRAM and 1 KB of EEPROM. The ATmega328 has 32 KB, (also with 2 KB used for 

the bootloader) and has 2 KB of SRAM and 1 KB of EEPROM. The ATmega168 has 

16 KB of flash memory for storing code (of which 2 KB is used for the bootloader); the 

ATmega328 has 32 KB, (also with 2 KB used for the bootloader). The ATmega168 

has 1 KB of SRAM and 512 bytes of EEPROM (which can be read and written with 

the EEPROM library); the ATmega328 has 2 KB of SRAM and 1 KB of EEPROM. 

Input and Output: 

Each of the 14 digital pins on the Nano can be used as digital input or output, using 

pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each 

pin can provide or receive a maximum of 40 mA and has an internal pull-up resistor 

(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized 

functions: 

Serial: 0(RX) and 1 (TX). Can be used to receive (RX) and transmit (TX) TTL serial 

data. These pins are connected to the corresponding pins of the FTDI USB-to-TTL 

Serial 

chip. External Interrupts: 2 and 3.These pins can be configured to trigger an interrupt 

on a low value, a rising or falling edge, or a change in value. PWM: 3, 5, 6, 9, 10, and 

11.Provide 8-bit PWM output with the analogWrite() function. SPI: 10 (SS), 11 

(MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication. LED: 

13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, 

the LED is on, when the pin is LOW, it's off. This LED can be used as an indicator 

when in the first step of Xduino Nano. 

The Nano has 8 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 

different values). By default they measure from ground to 5 volts, it is also possible to 
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change the upper end of their range using the analogReference() function. 

Additionally, some pins have 

specialized functionality: 
 

I2C: 4 (SDA) and 5 (SCL). These two pins Support I2C (TWI) communication using 

the Wire library (documentation on the Wiring website). There are a couple of other 

pins on the board: 

AREF. Reference voltage inputs for the analogread(). Used with analogReference(). 

Reset.Bring this line LOW to reset the microcontroller. This is a Reset button on the 

Xduino Nano, and, users can add another reset source by wiring to the source you 

want. Programming: 

Each of the 14 digital pins on the Nano can be used as an input or output, using 

pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each 

pin can provide or receive a maximum of 40 mA and has an internal pull-up resistor 

(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized 

functions: Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL 

serial data. These pins are connected to the corresponding pins of the FTDI USB-to- 

TTL Serial chip. External Interrupts: 2 and 3. These pins can be configured to trigger 

an interrupt on a low value, a rising or falling edge, or a change in value. See the 

attachInterrupt() function for details. 

PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() 

function. 
 

SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication, which, although provided by the underlying hardware, is not 

currently included in the Arduino language. 

LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH 

value, the LED is on, when the pin is LOW, it's off. The Arduino Nano can be 

programmed with the Arduino software (download). Select "Arduino Diecimila, 

Duemilanove, or Nano w/ ATmega168" or "Arduino Duemilanove or Nano w/ 

ATmega328" from the Tools > Board menu (according to the microcontroller on your 

board). For details, see the reference and tutorials. 

The ATmega168 or ATmega328 on the Arduino Nano comes preburned with a 
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bootloader that allows you to upload new code to it without the use of an external 

hardware programmer. It communicates using the original STK500 protocol 

(reference, C header files). 

You can also bypass the bootloader and program the microcontroller through the 

ICSP (In-Circuit Serial Programming) header; see these instructions for details. 

The Nano has 8 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 

different values). By default they measure from ground to 5 volts, though is it possible 

to change the upper end of their range using the analogReference() function. 

Additionally, some pins have specialized functionality: 

 

 I2C: 4 (SDA) and 5 (SCL). Support I2C (TWI) communication using the Wire 

library (documentation on the Wiring website). 

There are a couple of other pins on the board: 

 
 AREF. Reference voltage for the analog inputs. Used with analogReference(). 

 
 Reset. Bring this line LOW to reset the microcontroller. Typically used to add a 

reset button to shields which block the one on the board. 

See also the mapping between Arduino pins and ATmega168 ports. 

The Elecrow Arduino Nano can be programmed with the Arduino software (Version 

higher than 1.o was suggested). Select "Arduino Duemilanove or Nano w/ 

ATmega328" from the Tools > Board menu (according to the microcontroller on your 

board). The ATmega328 on the Xduino Nano comes preburned with a bootloader that 

allows you to upload new code to it without the use of an external hardware 

programmer. You can also bypass the bootloader and program the microcontroller 

through the ICSP (In-Circuit Serial Programming) header. 

TX& RX Pins other Usage: 

The Elecrom Arduino also breakout the TX&RX pins of FTDI IC, this makes the 

Nano can working as a normal USB-UART convertor. If you needs a USB-UART 

convertor in your application, for example, you want to connect your zigbee module to 

PC via the USB connector, you can connect the TX pin of Zigbee to the TXD breakout 

hole and connect the RX pin of zigbee to RXD breakout hole. In this way, the FTDI IC 

on Elecrom Arduino Nano converts the USB signal to UART signal, the zigbee can 
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communicate with the PC. Resistors are added to avoid signal confusion, when these 

two pins were connected to other module, the UART signal would not be affected by 

the Atmega328 on Elecrom Arduino Nano. Notice: ―TXD‖ on Elecrom Arduino Nano 

means: UART side sent signal and USB side receive; while the ―RXD‖means: UART 

side receive signal while USB side sent 

Microcontroller:- most of the arduino board makes use of Atmel AVR. 

Microcontroller is the place where all your codes stored and executed.Microcontroller 

used in most coomonly used arduino UNO is the ATmega328p. 

Pins:- these pins are used to make connections with sensors and module.Common pins 

on arduino boads are 5V, 3.3V, GND, Digital, PWM, Analog, AREF. 

Power supply and USB:- USB is used to upload the code onto your arduino board 

along with it you can power your arduino board via USB but it might not be always 

handy to power your arduino with USB in that case you can use barrel jack which is 

provided for power supply.A power supply anywhere between 6-12 volt will be good 

to power your arduino. 

(Note:-Do Not use a power supply greater than 20 volt which might overpower your 

arduino and destroy it.) 

Reset button:- this button is used to restart your arduino and make it to run the code 

from the beginning. 

Power LED indicator:- on the arduino board you will find a LED just next to 'ON' 

this LED glows when you connect your arduino to a power supply.If this LED does 

not glow either there is problem in the board or you have not connected the arduino 

board with power supply properly. 

RX and TX LED:- first of all RX and TX is short term for receive and transmit 

respectively. When ever there is data transfer while uploading code or communicating 

with bluetooth module etc these LED glow. 

Voltage regulator:- this controls the amount of voltage which is let into arduino by 

turning away extra voltage which may dame our board.This regulator also has a limit 

so Do Not burn up arduino by supplying power more than 20 volts. 

Communication: 
 

The Arduino Nano has a number of facilities for communicating with a computer, 

another Arduino, or other microcontrollers. The ATmega168 and ATmega328 provide 

UART TTL (5V) serial communication, which is available on digital pins 0 (RX) and 
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1 (TX). An FTDI FT232RL on the board channels this serial communication over 

USB and the FTDI drivers (included with the Arduino software) provide a virtual com 

port to software on the computer. The Arduino software includes a serial monitor 

which allows simple textual data to be sent to and from the Arduino board. The RX 

and TX LEDs on the board will flash when data is being transmitted via the FTDI chip 

and USB connection to the computer (but not for serial communication on pins 0 and 

1). A Software Serial library allows for serial communication on any of the Nano's 

digital pins. 

The ATmega168 and ATmega328 also support I2C (TWI) and SPI communication. 

The Arduino software includes a Wire library to simplify use of the I2C bus; see the 

documentation for details. To use the SPI communication, please see the ATmega168 

or ATmega328 datasheet. 

Automatic (Software) Reset: 
 

Rather then requiring a physical press of the reset button before an upload, the 

Arduino Nano is designed in a way that allows it to be reset by software running on a 

connected computer. One of the hardware flow control lines (DTR) of the FT232RL is 

connected to the reset line of the ATmega168 or ATmega328 via a 100 nanofarad 

capacitor. When this line is asserted (taken low), the reset line drops long enough to 

reset the chip. The Arduino software uses this capability to allow you to upload code 

by simply pressing the upload button in the Arduino environment. This means that the 

bootloader can have a shorter timeout, as the lowering of DTR can be well-

coordinated with the start of the upload. 

This setup has other implications. When the Nano is connected to either a computer 

running Mac OS X or Linux, it resets each time a connection is made to it from 

software (via USB). For the following half-second or so, the bootloader is running on 

the Nano. While it is programmed to ignore malformed data (i.e. anything besides an 

upload of new code), it will intercept the first few bytes of data sent to the board after a 

connection is opened. If a sketch running on the board receives one-time 

configuration or other data when it first starts, make sure that the software with which it 

communicates waits a second after opening the connection and before sending this data. 
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Arduino Nano 3.0: 

Arduino Nano As its name, Arduino Nano is a compact and breadboard-friendly 

version board based on ATmega328 processor. It is more or less same functionality as 

the Arduino UNO but in different package. Instead of using the standard USB to 

connect to the computer, it uses the mini usb but without the power plug for external 

power source that built on Arduino UNO. The dimension of Arduino Nano is only 

43mm x 18mm, it comes with 6 PWM I/O from the total of 14 digitals I/O, 8 analog 

inputs, 16Mhz clock speed and 32kB of flash memory. Power (USB / Barrel Jack) 

Every Arduino board needs a way to be connected to a power source. The Arduino 

UNO can be powered from a USB cable coming from your computer or a wall power 

supply (like this) that is terminated in a barrel jack. In the picture above the USB 

connection is labeled (1) and the barrel jack is labeled (2). 

The USB connection is also how you will load code onto your Arduino board. More 

on how to program with Arduino can be found in our Installing and Programming 

Arduino tutorial. 

NOTE: Do NOT use a power supply greater than 20 Volts as you will overpower 

(and thereby destroy) your Arduino. The recommended voltage for most Arduino 

models is between 6 and 12 Volts. 

 

Pins (5V, 3.3V, GND, Analog, Digital, PWM, AREF) 

The pins on your Arduino are the places where you connect wires to construct a 

circuit (probably in conjuction with a breadboard and some wire. They usually have 

black plastic ‗headers‘ that allow you to just plug a wire right into the board. The 

Arduino has several different kinds of pins, each of which is labeled on the board and 

used for different functions. 

 GND (3): Short for ‗Ground‘. There are several GND pins on the Arduino, any 

of which can be used to ground your circuit. 

 5V (4) & 3.3V (5): As you might guess, the 5V pin supplies 5 volts of power, 

and the 3.3V pin supplies 3.3 volts of power. Most of the simple components 

used with the Arduino run happily off of 5 or 3.3 volts. 

 Analog (6): The area of pins under the ‗Analog In‘ label (A0 through A5 on 

the UNO) are Analog In pins. These pins can read the signal from an analog 

sensor (like a temperature sensor) and convert it into a digital value that we 

can read. 
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 Digital (7): Across from the analog pins are the digital pins (0 through 13 on 

the UNO). These pins can be used for both digital input (like telling if a button 

is pushed) and digital output (like powering an LED). 

 PWM (8): You may have noticed the tilde (~) next to some of the digital pins 

(3, 5, 6, 9, 10, and 11 on the UNO). These pins act as normal digital pins, but can 

also be used for something called Pulse-Width Modulation (PWM). We have a 

tutorial on PWM, but for now, think of these pins as being able to simulate 

analog output (like fading an LED in and out). 

 AREF (9): Stands for Analog Reference. Most of the time you can leave this 

pin alone. It is sometimes used to set an external reference voltage (between 0 

and 5 Volts) as the upper limit for the analog input pins. 

 

Reset Button 

Just like the original Nintendo, the Arduino has a reset button (10). Pushing it will 

temporarily connect the reset pin to ground and restart any code that is loaded on the 

Arduino. This can be very useful if your code doesn‘t repeat, but you want to test it 

multiple times. Unlike the original Nintendo however, blowing on the Arduino 

doesn‘t usually fix any problems. 

 

Power LED Indicator 

Just beneath and to the right of the word ―UNO‖ on your circuit board, there‘s a tiny 

LED next to the word ‗ON‘ (11). This LED should light up whenever you plug your 

Arduino into a power source. If this light doesn‘t turn on, there‘s a good chance 

something is wrong. Time to re-check your circuit! 

 

TX RX LEDs 

TX is short for transmit, RX is short for receive. These markings appear quite a bit in 

electronics to indicate the pins responsible for serial communication. In our case, 

there are two places on the Arduino UNO where TX and RX appear – once by digital 

pins 0 and 1, and a second time next to the TX and RX indicator LEDs (12). These 

LEDs will give us some nice visual indications whenever our Arduino is receiving or 

transmitting data (like when we‘re loading a new program onto the board). 
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Main IC 

The black thing with all the metal legs is an IC, or Integrated Circuit (13). Think of it 

as the brains of our Arduino. The main IC on the Arduino is slightly different from 

board type to board type, but is usually from the ATmega line of IC‘s from the 

ATMEL company. This can be important, as you may need to know the IC type 

(along with your board type) before loading up a new program from the Arduino 

software. This information can usually be found in writing on the top side of the IC. If 

you want to know more about the difference between various IC‘s, reading the 

datasheets is often a good idea. 

2.6. ESP01: 

The ESP-01 ESP8266 Serial WIFI Wireless Transceiver Module is a self-contained 

SOC with integrated TCP/IP protocol stack that can give any microcontroller access to 

your WiFi network. The ESP8266 is capable of either hosting an application or 

offloading all Wi-Fi networking functions from another application processor. Each 

ESP8266 module comes pre-programmed with an AT command set firmware, 

meaning, you can simply hook this up to your Arduino device and get about as much 

WiFi-ability as a WiFi Shield offers (and that‘s just out of the box)! The ESP8266 

module is an extremely cost-effective board with a huge, and ever growing, 

community. 

 
Fig.8 ESP01 wifi module 

 
This module has a powerful enough onboard processing and storage capability that 

allows it to be integrated with the sensors and other application specific devices 

through its GPIOs with minimal development up-front and minimal loading during 

runtime. Its high degree of on-chip integration allows for minimal external circuitry, 

including the 
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front-end module, is designed to occupy minimal PCB area. The ESP8266 supports 

APSD for VoIP applications and Bluetooth co-existing interfaces, it contains a self- 

calibrated RF allowing it to work under all operating conditions and requires no 

external RF parts. 

There is an almost limitless fountain of information available for the ESP8266, all of 

which has been provided by amazing community support. In the Documents section 

below you will find many resources to aid you in using the ESP8266, even 

instructions on how to transforming this module into an IoT (Internet of Things) 

solution! 

Note: The ESP8266 Module is not capable of 5-3V logic shifting and will require an 

external Logic Level Converter. Please do not power it directly from your 5V dev 

board. 

Specifications and Features:- 

 
 802.11 b/g/n 

 Wi-Fi Direct (P2P), soft-AP 

 Integrated TCP/IP protocol stack 

 Integrated TR switch, balun, LNA, power amplifier and matching network 

 Integrated PLLs, regulators, DCXO and power management units 

 +19.5dBm output power in 802.11b mode 

 Power down leakage current of <10uA 

 1MB Flash Memory 

 Dimensions: 25 x 15 x 11 mm (LxWxH) 

 PCB Thickness: 1mm 

 Weight: 2 gm 

 Integrated low power 32-bit CPU could be used as application processor 

 SDIO 1.1 / 2.0, SPI, UART 

 STBC, 1×1 MIMO, 2×1 MIMO 

 A-MPDU & A-MSDU aggregation & 0.4ms guard interval 

 Wake up and transmit packets in < 2ms 

 Standby power consumption of < 1.0mW (DTIM3) 
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The ESP8266 can be controlled from your local Wi-Fi network or from the internet 

(after port forwarding). The ESP-01 module has GPIO pins that can be programmed to 

turn an LED or a relay ON/OFF through the internet. The module can be programmed 

using an Arduino/USB-toTTL converter through the serial pins (RX, TX). 

 

 

Connecting the Hardware to Your ESP8266 We can either use a USB-to-TTL 

converter or use an Arduino to program the ESP8266. Here are three methods you 

can follow to upload the code to ESP8266 — select the one that suits you best. Refer 

to the following diagrams for each and set up the hardware accordingly. 

 

Pins are arranged in two rows, having 4 on each row. Some models have pin 

description on the PCB, which make it simple. On the top row you can find following 

pins from the left to the right: 
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1. GND (Ground from power supply) 

2. GPIO2 (Digital I/O programmable) 

3. GPIO0 (Digital I/O programmable, also used for BOOT modes) 

4. RX – UART Receiving channel on the bottom (second row) you can find: 

1. TX – UART Transmitting channel 

2. CH_PD (enable/power down, must be pulled to 3.3v directly or via resistor) 

3. REST – reset, must be pulled to 3.3v) 

4. VCC -3.3v power supply 

Power supply and current consumption 

All esp8266 arduino compatible modules must be powered with DC current from any 

kind of source that can deliver stable 3.3V and at least 250mA. Also logic signal is 

rated at 3.3v and the RX channel should be protected by a 3.3v divisor step-down. 

You should be careful when using this module with Arduino or other boards which 

supplies 5v, because this module usually do not come with overpower protection and 

can be easily destroyed. 

ESP8266-01 gives you many methods to communicate with it through the RX/TX pins 

or over the air (OTA). The differences are not only in hardware but can be also in what 

kind of firmware is flashed out of the box. No matter what firmware comes default 

installed, you should be able to flash your preferred firmware by following the 

firmware flashing instruction from the datasheet. This module can be programmed 

using LUA code, Arduino code or directly through AT commands and this gives us 

more freedom when embedding this device in our projects. Also, there are few python 

firmware modes but i haven‘t had the chance to test them. I personally choose to work 

with Arduino because of the past experience and tones of libraries available. As it 

comes, out of the box, this module is ready to talk via AT commands without any 

other extra settings or configurations. There are many software applications which you 

can use to communicate via AT and have tones of readymade tools and functions which 

will make everything easier. I used ESPlorer and i totally recommend it, you can find it 

here. After booting, to be able to use AT commands, module should display ―ready‖ on 

the serial monitor. 

Few basic AT commands examples: AT – response OK AT+CWLAP – list nearby 

available WiFi networks AT+GMR – check the firmware version 
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AT+CWJAP=‖ <access_point_name>‖,‖<password>‖ – join WiFi network using 

credentials 

AT+CIFSR – get current allocated IP address 

In order to be able to talk with the ESP8266 arduino compatible module, you need to 

choose a way to connect it with your computer. You can communicate with the 

module via standard Serial communication RS232 by using an Arduino board as a 

proxy/bridge 

2.7. LIQUID CRYSTAL DISPLAY (LCD): 
 

Figure.9. Liquid Crystal Display 

• Vcc, at pin 16 controls the background contrast. 

• Vcc, at pin 2 controls the display contrast. 

• Pin 7 - 14 gets input data. 

• Pin 1 and pin 3 controls the brightness of the display. 

• Pin 5, gets a read/write signal. 

• Pin 6, enable signal. 

• Pin 4, data register select. 
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LCD Pins 
 

 
 

Table 3 : Pin Assignment 

Interfacing Example - 16 Character x 2 Line LCD Description: 

This is the first interfacing example for the Parallel Port. We will start with 

something simple. This example doesn't use the Bi-directional feature found on newer 

ports, thus it should work with most, if no all Parallel Ports. It however doesn't show 

the use of the Status Port as an input. So what are we interfacing? A 16 Character x 2 

Line LCD Module to the Parallel Port. These LCD Modules are very common these 

days, and are quite simple to work with, as all the logic required running them is on 

board. 
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Schematic: 
 

 
Circuit Description: 

Above is the quite simple schematic. The LCD panel's Enable and Register Select is 

connected to the Control Port. The Control Port is an open collector / open drain 

output. While most Parallel Ports have internal pull-up resistors, there are a few which 

don't. Therefore by incorporating the two 10K external pull up resistors, the circuit is 

more portable for a wider range of computers, some of which may have no internal 

pull up resistors. We make no effort to place the Data bus into reverse direction. 

Therefore we hard wire the R/W line of the LCD panel, into write mode. This will cause 

no bus conflicts on the data lines. As a result we cannot read back the LCD's internal 

Busy Flag which tells us if the LCD has accepted and finished processing the last 

instruction. This problem is overcome by inserting known delays into our program. 

The 10k Potentiometer controls the contrast of the LCD panel. Nothing fancy here. As 

with all the examples, I've left the power supply out. You can use a bench power 

supply set to 5v or use a onboard +5 regulator. Remember a few de-coupling 

capacitors, especially if you have trouble with the circuit working properly. The 2 line 

x 16 character LCD modules are 

available from a wide range of manufacturers and should all be compatible with the 

HD44780. The one I used to test this circuit was a Power trip PC- 1602F and an old 

Philips LTN211F-10 which was extracted from a Poker Machine! The diagram to the  

right shows the pin numbers for these devices. When viewed from the front, the left 
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pin is pin 14 and the right pin is pin. 

The LCD panel requires a few instructions to be sent, to order to turn on the 

display and initialize it. This is what the first for loop does. These instructions must be 

sent to the LCD's Instruction Register which is controlled by the Register Select (Pin 

4). When pin 4 is low the instruction register is selected, thus when high the data 

register must be selected. We connect this to the Parallel Port's Select Printer line 

which happens to be hardware inverted. Therefore if we write a '1' to bit 3 of the 

Control Register the Select Printer line goes low. We want to first send instructions to 

the LCD module. Therefore the Register Select line must be low. As it is hardware 

inverted, we will want to set bit 3 of the Control Register to '1'. However we don't 

want to upset any other bits on the Control Port. We achieve this by reading the 

Control Port and Oaring 0x80 to it. 

E.g. out port (CONTROL, in port b (CONTROL) | 0x08); this will only set bit 3. 

After we place a data byte on the data lines, we must then signal to the LCD module to 

read the data. This is done using the Enable line. Data is clocked into the LCD module 

on the high to low transition. The Strobe is hardware inverted, thus by setting bit 0 of 

the Control Register we get a high to low transition on the Strobe line. We then wait 

for a delay, and return the line to a high state ready for the next byte. 

After we initialize the LCD Module, we want to send text to it. Characters are 

sent to the LCD's Data Port, thus we want to clear bit 3. Once again we must only 

change the one bit, thus we use out port b (CONTROL, in port b(CONTROL) & 

0xF7);. Then we set up another for loop to read a byte from the string and send it to the 

LCD panel. This is repeated for the length of the string. The delays should be suitable 

for most machines. If the LCD panel is not initializing properly, you can try 

increasing the delays. Likewise if the panel is skipping characters, e.g. Test, 2. On the 

other hand, if the LCD module is repeating characters e.g. testing then you may have 

a faulting Enable connection. Check your Enable to Strobe connection. 

2.8. LIGHT EMITTING DIODE (LED): 

LED's are special diodes that emit light when connected in a circuit. They are 

frequently used as "pilot" lights in electronic appliances to indicate whether the circuit 

is closed or not. A clear (or often colored) epoxy case enclosed the heart of an LED, 

the semi- conductor chip. 
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Figure :10. LED View 

 

Figure LED Symbol 

LED‘s must be connected the correct way round, the diagram may be labeled a or + 

for anode and k or - for cathode. The negative side of an LED lead is indicated in two 

ways: 

 

Figure : LED Internal View 

1) By the flat side of the bulb. 

2) By the shorter of the two wires extending from the LED. 

If you can see inside the LED the cathode is the larger electrode (but this is not 

an official identification method). The negative lead should be connected to the 

negative terminal of a battery. LED's operate at relative low voltages between about 1 

and 4 volts, and draw currents between about 10 and 40 mille amperes. Voltages and 

currents substantially about these values can melt a LED chip. The most important 

part of light emitting diode (LED) is the semi-conductor chip located in the center of the 

bulb as shown below. The chip has two regions separated by a junction. The p region is 

dominated by positive electric charges, and the n region is dominated by negative 

electric charges. The junction acts as a barrier to the flow of electrons between the p 

and n regions. Only when sufficient voltage is applied to the semi-conductor chip, can 

the current flow and the electron cross the junction into the p region? In the absence 

of the large enough electric potential difference (voltage) across the LED leads, the 
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junction presents an electric potential barrier to the flow of electrons. 

A light-emitting diode (LED) is a semiconductor light source. LEDs are used 

as indicator lamps in many devices and are increasingly used for other lighting. 

Appearing as practical electronic components in 1962, early LEDs emitted low 

intensity red light, but modern versions are available across the visible, ultraviolet, and 

infrared wavelengths, with very high brightness. 

 

Fig.11 Light Emitting Diode 

When a light-emitting diode is switched on, electrons are able to recombine 

with holes within the device, releasing energy in the form of photons. This effect is 

called electroluminescence and the color of the light (corresponding to the energy of 

the photon) is determined by the energy band gap of the semiconductor. An LED is 

often small in area (less than 1 mm2), and integrated optical components may be used 

to shape its radiation pattern. LEDs present many advantages over incandescent light 

sources including lower energy consumption, longer lifetime, improved physical 

robustness, smaller size, and faster switching. However, LEDs powerful enough for 

room lighting are relatively expensive and require more precise current and heat 

management than compact fluorescent lamp sources of comparable output. 

Printed Circuit Board(PCB): 

The earliest PCB's (printed circuit boards) were made from materials like 

Bakelite, Masonite, layered cardboard and even thin wooden planks. Holes were 

drilled into the material and then flat brass "wires" were riveted or bolted onto the 

board. Connections to components were usually made by pressing the end of the brass 

trace onto a hollow rivet and the component's leads were simply pressed into the open 

end of the rivet. 
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Occasionally small nuts and bolts were used in place of the rivets. These types of 

PCBs were used in early tube style radios and gramophones in the 1920's. 

 

2.9. Jumper Wires: 

 

 

 

 

 

 

 

 
A jump wire (also known as jumper, jumper wire, jumper cable, DuPont wire, 

or DuPont cable – named for one manufacturer of them) is an electrical wire, or group 

of them in a cable, with a connector or pin at each end (or sometimes without them – 

simply "tinned"), which is normally used to interconnect the components of a 

breadboard or other prototype or test circuit, internally or with other equipment or 

components, without soldering. 

Types: 

 Male to Male 

 Female to Male 

 Female to Female 

 

2.10. Power Supply: 

input power supply for the project 5v,1Amp 
 

 

Fig.13. power adapter 

 

 

 

 

 

 

 
 

fig.12.jumper wires 
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2.11. PCB: 

A printed circuit board (PCB) mechanically supports and electrically 

connects electrical or electronic components using conductive tracks, pads and other 

features etched from one or more sheet layers of copper laminated onto and/or 

between sheet layers of a non-conductive substrate. Components are generally 

soldered onto the PCB to both electrically connect and mechanically fasten them to it. 

Printed circuit boards are used in all but the simplest electronic products. They are 

also used in some electrical products, such as passive switch boxes. 

Alternatives to PCBs include wire wrap and point-to-point construction, both 

once popular but now rarely used. PCBs require additional design effort to lay out the 

circuit, but manufacturing and assembly can be automated. Electronic computer-aided 

design software is available to do much of the work of layout. Mass-producing circuits 

with PCBs is cheaper and faster than with other wiring methods, as components are 

mounted and wired in one operation. Large numbers of PCBs can be fabricated at the 

same time, and the layout only has to be done once. PCBs can also be made manually 

in small quantities, with reduced benefits. 

PCBs can be single-sided (one copper layer), double-sided (two copper layers 

on both sides of one substrate layer), or multi-layer (outer and inner layers of copper, 

alternating with layers of substrate). Multi-layer PCBs allow for much higher 

component density, because circuit traces on the inner layers would otherwise take up 

surface space between components. The rise in popularity of multilayer PCBs with 

more than two, and especially with more than four, copper planes was concurrent with 

the adoption of surface mount technology. However, multilayer PCBs make repair, 

analysis, and field modification of circuits much more difficult and usually 

impractical. 

A basic PCB consists of a flat sheet of insulating material and a layer of 

copper foil, laminated to the substrate. Chemical etching divides the copper into 

separate conducting lines called tracks or circuit traces, pads for connections, vias to 

pass connections between layers of copper, and   features   such   as   solid   

conductive   areas for electromagnetic shielding or other purposes. The tracks 

function as wires fixed in place, and are insulated from each other by air and the 

board substrate material. The surface of a PCB may have a coating that protects the 
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ABSTRACT 

As the basic law of Physics says ‘energy can neither be created nor be destroyed it can 

only be converted from one form to another’. During huge amount of energy is lost to 

atmosphere as heat. It will be good if we could store this energy somehow which is otherwise 

getting wasted out and reuse it next time we started to accelerate. Regenerative braking refers 

to a system in which the kinetic energy of the vehicle is stored temporarily, as an accumulative 

energy, during deceleration, and is reused as kinetic energy during acceleration or running. 

Regenerative braking is a small, yet very important, step toward our eventual independence 

from fossil fuels. These kinds of brakes allow batteries to be used for longer periods of time 

without the need to be plugged into an external charger. These types of brakes also extend the 

driving range of fully electric vehicles. Regenerative braking is a way to extend range of the 

electric vehicles. In many hybrid vehicles cases, this system is also applied hybrid vehicles to 

improve fuel economy. 
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CHAPTER 1 

INTRODUCTION 

A Traditional Braking System, brake pads produce friction is produced between 

the slowed wheels and the surface of the road. This friction is what turns the car’s kinetic 

energy into heat. 

A regenerative Brake is an energy recovery mechanism which slows a vehicle or 

object down by converting its kinetic energy into another from, which can be either used 

immediately or stored until needed. 

1.1TYPES OF BRAKING SYSTEM: - 

➢ PLUGGING TYPE BRAKING 

➢ DYNAMIC BRAKING 

➢ REGENERATIVE BRAKING 

PLUGGING TYPE BRAKING 

Another braking is plugging type braking. In this method the terminals of supply 

are reversed, as a result the generator torque also reverses which resists the normal 

rotation of the motor and as a result the speed decreases. During plugging external 

resistance is also introduced into the circuit to limit the flowing current. The main 

disadvantage of this method is that here power is wasted. 

DYNAMIC BRAKING 

Another method of reversing the direction of torque and brakingthe motor is 

dynamic braking. In this method of braking the motor which is at a running condition is 

disconnected from the source and connected across a resistance. When the motor is 

disconnected from the source, the rotor keeps rotating due to inertia and it work as self-
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excited generator. When the motor works as a generator the flow of the current and torque 

reverses. During braking to maintain the steady torque sectional resistance are cut out one 

by one. 

1.2 REGENERATIVE BRAKING SYSTEM 

Braking method in which the mechanical energy from the load is converted into 

electric energy and regenerated back into the line is shown as Regenerative Braking, the 

motor operates as generator 

1.2.1 Need of Regenerative Braking 

Over a car that only has friction brakes. In low-speed, stop- and-go traffic where 

little deceleration is required; the regenerative braking system can provide the majority of 

the total braking force. This vastly improves fuel economy with a vehicle, and further 

enhances the attractiveness of vehicles using regenerative braking for city driving. 

At higher speeds, too, regenerative braking has been shown to contribute to 

improved fuel economy – by as much as 20%. Consider a heavy loaded truck having very 

few stops on the road. It is operated near maximum engine efficiency. The 80% of the 

energy produced is utilized to overcome the rolling and aerodynamic road forces. The 

energy wasted in applying brake is about 2%. Also, its brake specific fuel consumption is 

5%. Now consider a vehicle, which is operated in the main city where traffic is a major 

problem here one has to apply brake frequently. For such vehicles the wastage of energy 

by application of brake is about 60% to 65%. 

 

 

 

 

Fig.(a) Graphical Representation of Energy usage of two vehicles 
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CHAPTER-2 

LITERATURE REVIEW 

 SayedNashit,SufiyanAdhikari,ShaikhFarhan,SrivastavaAvinashandAmrutaGambhi

re,‘Design,FabricationandTesting of RegenerativeBrakingTest Rig for BLDC Motor’, 2016, 

1881- 84.In this paper a test bench for testing of regenerative braking capability of a 

BrushlessDCMotor is designand then fabricated. The project createsawareness to 

engineerstowards energy efficiencyand energy conservation. It concludes that the 

regenerativebrakingsystemsare more efficientat higher speedand it cannot be usedas the only 

brakes in a vehicle. The definite use of this technologydescribed as in the project in the 

futureautomobilescan help us toa certain level to sustainableandbright future of 

energyefficient world as a part of power that is lost can be regained by using the 

regenerativebraking system. 

 

 Khushboo Rahim,and Mohd. Tanveer,‘RegenerativeBrakingSystem:ReviewPaper’, 

International Journal on Recent and Innovation Trends in Computing and Communication, 

5.5 (2018),736-39. In this paperthe advantages of regenerativebrakingsystem over 

conventionalbrakingsystemhavebeen mentioned. Regenerativebraking systems canworkat 

the high temperaturerangesand are highly efficientwhencompared to the 

conventionalbrakes.Theyare more effectiveat higher momentum. The more frequently a 

vehiclestops, the more it canbenefitfrom this brakingsystem.Largeand heavy vehicles that 

moviesat high speeds builds up lots of kinetic energy,so they conserve energy more 

efficiently. It hasbroadscope for further advancements and the energyconservation. 

 

 TusharL.Patil, Rohit S. Yadav,Abhishek D.are, Mahesh Saggam, Ankul 

Pratap,‘PerformanceImprovement of Regenerativebraking system’, International Journal of 

Scientific & Engineering Research Volume 9, Issue 5, (2018). 2229-5518. In this paper the 

techniques to increase the efficiency of the regenerative braking system is mentioned. The 

technique mentioned was to reduce the weight of the automobile whichincreaseperformance, 
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using supercapacitoralsoimproves the conversionrate of energy in regenerative braking 

system, making the automobilecompact also tends to increase the efficiency of the system. 

 

 C. Jagadeesh Vikram, D. MohanKumar,Dr. P. NaveenChandra,‘Fabrication of 

RegenerativeBraking System’, International Journal of Pure and Applied Mathematics 

Volume 119, (2018).9973-9982. In this paper the Fabricationprocess on the Regenerative 

Braking System had been implemented asper the prescribed measureshas been takenand the 

futureenhancements should be processed on basis of the needof the study. The 

Implementation of the regenerative braking system be quite essential in automotive 

transportationwithmaximizedperformance in braking. 

 

 Eswaran, S Ajith, V Karthikeyan, P Kavin, S Loganandh,‘Design and Fabrication 

of RegenerativeBraking System’, International Journal of Advance Research and Innovative 

Ideas in Education-Vol-4 Issue-3 (2018). 2395-4396. In this paper the 

regenerativebrakingsystemused in the vehiclessatisfies the purpose of saving a part of the 

energy lost during braking.Also, it can be operatedat high temperature range 

andareefficientascompared to conventional braking system.Regenerativebraking 

systemsrequirefurtherresearch to develop a bettersystem that captures more energyand stops 

faster. All vehicles in motion canbenefitfrom these systems by recapturing energy that 

wouldhavebeen lost during brakingprocess. The use of more efficient systemscouldlead to 

huge savings in theeconomy of anycountry. 

 

 KetanWarake,Dr. S. R. Bhahulikar,Dr.N. V. Satpute, ‘Design&Development of 

RegenerativeBraking System atRearAxle’,International Journal of Advanced Mechanical 

Engineering. Volume 8, Number 2 (2018), 2250-3234. In this paper [22] the 

regenerativebrakingsystemused in the vehicles satisfies the purpose of saving a part of the 

energy lost during braking. The regenerative braking system is designed to partiallyrecover 

the battery charge wasted in braking of the vehicle. The energy is converted into heat by 

frictionbrake which is dissipated to the environment. This Energy is utilized to rotate the 

rotor of generator converting mechanical energy of wheels into usefulcharge of battery. The 

regenerative braking system cannot be usedas main brakingsystem of vehicleas it cannot 
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bring the vehicle to rest.Experimentationshows that minimum 11% batteryenergycan be 

recovered using the regenerative braking systemwhichwouldotherwise be wasted to heat in 

frictionbrakes.Hence the distance travelled between two successive charging 

requirementscan be increase to 10 to 15 % using this regenerativebraking, when installed in 

actualvehicles. 

 

 Siddharth K Sheladia,Karan K Patel, V raj D Savalia, Rutvik G Savaliya, ‘A 

Review on RegenerativeBraking Methodology in ElectricVehicle’, International Journal of 

Creative Research Thoughts, Volume 6, Issue 1 (2018). 2320-2882.In this paper [23] it is 

mentioned that Regenerativebrakingcan save up to 5% to 8% of waste energy. The systems 

have beenenhancedwithadvanced power electroniccomponentssuchasultra-capacitors,DC-

DCconverters (Buck-Boost) andflywheels.Ultra-capacitors,whichhelp improve the 

transientstate of the car during startup, provide a smootherchargingcharacteristic of the 

batteryand improve the overallperformance of the electric vehicle system. Buck-boost 

convertershelp maintain powermanagement in regenerative braking systems, suchas 

boosting acceleration.Finally,flywheels are used to improvethe powerrecovery process 

through automotivewheels. 

 

We have learnt the recommendationand conclusion from the previous researcherand then we 

have utilized in our experiment.Wehavealso changed the componentsand methods as the 

researchersuggested to make the experiment more practicalandefficient. 

 

 

 

 

 

 

 

CHAPTER 3 
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REGENERATIVE BRAKING SYSTEM 

3.1 BASIC IDEA OF REGENERATIVE BRAKING 

Concept of this regenerative brake is better understood from bicycle fitted with 

dynamo. If our bicycle has a dynamo (a small electricity generator) on it for powering the 

lights, we'll know it's harder to peddle when the dynamo is engaged than when it's 

switched off. That's because some of our peddling energy is being "stolen" by the dynamo 

and turned into electrical energy in the lights. If we're going along at speed and we 

suddenly stop peddling and turn on the dynamo, it'll bring us to a stop more quickly than 

we would normally, for the same reason: it's stealing our kinetic energy. Now imagine a 

bicycle with a dynamo that's 100 times bigger and more powerful. In theory, it could bring 

our bike to a halt relatively quickly by converting our kinetic energy into electricity, which 

we could store in a battery and use again later. And that's the basic idea behind 

regenerative brakes! Electric trains, cars, and other electric vehicles are powered by 

electric motors connected to batteries. 

When we're driving along, energy flows from the batteries to the motors, turning 

the wheels and providing us with the kinetic energy we need to move. When we stop and 

hit the brakes, the whole process goes into reverse: electronic circuits cut the power to the 

motors. Now, our kinetic energy and momentum makes the wheels turn the motors, so the 

motors work like generators and start producing electricity instead of consuming it. Power 

flows back from these motor-generators to the batteries, charging them up. So a good 

proportion of the energy we lose by braking is returned to the batteries and can be reused 

when we start off again. In practice, regenerative brakes take time to slow things down, so 

most vehicles that use them also have ordinary (friction) brakes working alongside (that's 

also a good idea in case the regenerative brakes fail). 

That is a reason why regenerative brakes don't save 100 percent of our 

brakingenergy. 
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Fig.3.1 Basic idea of Regenerative braking 

Vehicles driven by electric motors use the motor as a generator when using 

regenerative braking, it is operated as a generator during braking and its output is supplied 

to an electrical load; the transfer of energy to the load provides the braking effect. 

Regenerative braking is used on hybrid gas/electric automobiles to recoup some of the 

energy lost during stopping. This energy is saved in a storage battery and used later to 

power the motor whenever the car is in electric mode. 

3.2 BLOCK DIAGRAM OF REGENERATIVE BRAKING 

 

 

 

 

 

 

 

Fig.3.2 Regenerative braking system 
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There is a driving wheel is used for regenerative braking system. It is directly 

connected with motor/generator. And motor is connected with battery. Motor/generator set 

works due to control system. 

When driving wheel starts rotate then motor also started running. Due to this 

voltage is generated in motor. We can store this voltage in battery or also we can use this 

voltage as our requirement. 

Control system used in this system is nothing but braking provided to the driving 

wheel. Due to braking on driving wheel, dc motor starts rotate. This energy stored in 

energy sink. In energy sink battery, ultra-capacitor, flywheel are used. 

3.3 BASIC ELEMENTS OF REGENERATIVE BREKING SYSTEM 

There are four elements required which are necessary for the working of 

regenerative braking system, these are: 

3.3.1 Energy Storage Unit (ESU): 

The ESU performs two primary functions 

1. To recover & store braking energy 

2. To absorb excess engine energy during light load operation The selection 

criteria for effective energy storage include: 

a) High specific energy storage density  

b) High energy transfer rate 

c) Small space requirement 

The energy recaptured by regenerative braking might be stored in one of three devices: 

1. An electrochemical battery 

2. A flywheel 

3. Compressed air 
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3.3.2 Batteries: 

With this system as we know, the electric motor of a car becomes a generatorwhen 

the brake pedal is applied. The kinetic energy of the car is used to generateelectricity that 

is then used to recharge the batteries. With this system, traditional frictionbrakes must also 

be used to ensure that the car slows down as much as necessary. Thus,not all of the kinetic 

energy of the car can be harnessed for the batteries because some ofit is "lost" to waste 

heat. Some energy is also lost to resistance as the energy travels fromthe wheel and axle, 

through the drive train and electric motor, and into the battery. Whenthe brake pedal is 

depressed, the battery receives a higher charge, which slows the vehicledown faster. The 

further the brake pedal is depressed, the more the conventional frictionbrakes are 

employed. The motor/generator produces AC, which is converted into DC, which is then 

used to charge the Battery Module. So, the regenerative systems must have an electric 

controller that regulates how much charge the battery receives and how much the friction 

brakes are used. 

3.3.3Fly wheels: 

In this system, the translational energy of the vehicle is transferred into rotational 

energy in the flywheel, which stores the energy until it is needed to accelerate the vehicle. 

Benefit of using flywheel technology is that more of the forward inertial energy of the car 

can be captured than in batteries, because the flywheel can be engaged even during 

relatively short intervals of braking and acceleration. In the case of batteries, they are not 

able to accept charge at these rapid intervals, and thus more energy is lost to friction. 

Another advantage of flywheel technology is that the additional power supplied by the 

flywheel during acceleration substantially supplements the power output of the small 

engine that hybrid vehicles are equipped with. 
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3.3.4 Continuously Variable Transmission (CVT): 

The energy storage unit requires a transmission that can handle torque and speed 

demands in a steeples manner and smoothly control energy flow to and from the vehicle 

wheels. 

3.3.5 Controller: 

An “ON-OFF” engine control system is used. That means that the engine is “ON” 

until the energy storage unit has been reached the desired charge capacity and then is 

decoupled and stopped until the energy storage unit charge fall below its minimum 

requirement. 

3.3.6 Regenerative Brake Controllers 

Brake controllers are electronic devices that can control brakes remotely, deciding 

when braking begins ends, and how quickly the brakes need to be applied. During the 

braking operation, the brake controller directs the electricity produced by the motor into 

the batteries or capacitors. It makes sure that an optimal amount of power is received by 

the batteries, but also ensures that the inflow of electricity isn't more than the batteries can 

handle. The most important function of the brake controller, however, may be deciding 

whether the motor is currently capable of handling the force necessary for stopping thecar. 

If it isn't, the brake controller turns the job over to the friction brakes. In vehicles that use 

these types of brakes, as much as any other piece of electronics on board a hybrid or 

electric car, the brake controller makes the entire regenerative braking process possible. 
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CHAPTER 4 

WORKING MODEL OF REGENERATIVE BRAKING 

SYSTEM 

When the wheel is in running condition, some gap between motors & wheel. These 

two motors are placed on break shaft. So, this motors work as a break. Now wheel is in 

running condition, but when break is applied, then motors work as break. Due to this 

motor starts rotating. So, the power is produced in it. Multi meter is connected with the 

motors. So, the reading is display in multi meter. About 15 voltage is generated in this 

system. Motor runs at 500 rpm. We also can store this power in a battery. We can also use 

this power in our required application. For Example, we can use this power in headlight of 

vehicle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1 Model of Regenerative braking 
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4.1 COMPONENTS OF REGENERATIVE BRAKING SYSTEM 

 

➢ DC GEARING MOTORS- (NOS-2): 

VOLTAGE RATING 15VOLT 

SPEED 500 RPM 

 

 

 

 

 

 

 

 

 

 

 

 

➢ DRIVING WHEELS- (NOS-2) 
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➢ PULLY-(NOS-1) 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.1 BEARINGS 

 

Bearings permit smooth, low-friction movement between two surfaces. The movement 

can be either rotary (a shaft rotating within a mount) or linear (one surface moving along 

another). 

Bearings can employ either a sliding or a rolling action. Bearings based on rolling action 

are called rolling-element bearings. Those based on sliding action are called plainbearings. 

BEARING MATERIALS 

➢ Babbitt’s 

Tin and lead-base babbitts are among the most widely used bearing materials. They have 

an ability to embed dirt and have excellent compatibility properties under boundary-

lubrication conditions. 

In bushings for small motors and in automotive engine bearings, babbitt is generally 

used as a thin coating over a steel strip. For larger bearings in heavy-duty equipment, thick 

babbitt is cast on a rigid backing of steel or cast iron. 

 



14 

 

➢ Bronzes and Copper Alloys 

Dozens of copper alloys are available as bearing materials. Most of these can be grouped 

into four classes: copper-lead, lead-bronze, tin-bronze, and aluminum-bronze. 

➢ Aluminum 

Aluminum bearing alloys have high wear resistance, load-carrying capacity, fatigue 

strength, and thermal conductivity; excellent corrosion resistance; and low cost. They are used 

extensively in connecting rods and main bearings in internal-combustion engines; in hydraulic 

gear pumps, in oil-well pumping equipment, in roll-neck bearings in steel mills; and in 

reciprocating compressors and aircraft equipment. 

➢ Porous Metals 

Sintered-metal self-lubricating bearings, often called powdered-metal bearings, are 

simpleand low in cost. They are widely used in home appliances, small motors, machine tools, 

business machines, and farm and construction equipment. 

Common methods used when supplementary lubrication for oil-impregnated bearings is 

needed are shown in Figures. 

 

 

 

 

 

 

 

 

 

 

Fig. 4.2 Supplementary Lubrication for Impregnated Bearings. 
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Plastics 

Many bearings and bushings are being produced in a large variety of plastic materials. 

Many require no lubrication, and the high strength of modern plastics l ends to a variety of 

applications. 

PLAIN BEARINGS 

➢ A plain bearing is any bearing that works by sliding action, with or without lubricant. 

➢ This group encompasses essentially all types other than rolling-element bearings. 

➢ Plain bearings are often referred to as either sleeve bearings or thrust bearings, terms that 

designate whether the bearing is loaded radially or axially. 

➢ Lubrication is critic al to the operation of plain bearings, so their application and 

function is also often referred to according to the type of lubrication principle used. 

Thus,terms such as hydrodynamic, fluid-film, hydrostatic, boundary-lubricated, and self-

lubricated are designations for particular types of plain bearings. 

 

Mostly bearings are oil-lubricated. The designs shown in Fig. illustrate simple, effective 

arrangements for providing supplementary lubrication. 

 

 

 

 

 

 

 

 

Oil H ole in Shaft   Oil Groove in Bearing 

Fig.4.3 Common Methods of Lubricating Plain Bearings 
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JOURNALS OR SLEEVE BEARINGS 

These are cylindrical or ring-shaped bearings designed to carry radial loads. The terms 

sleeve and journal are used more or less synonymously since sleeve refers to the general 

configuration while journal pertains to any portion of a shaft supported by a bearing. In 

another sense, however, the term journal may be reserved for two-piece bearings used to 

support the journals of an engine crankshaft. 

The simplest and most widely used types of sleeve bearings are cast-bronze and porous-

bronze (powdered- metal) cylindrical bearings. Cast-bronze bearings are oil, or grease-

lubricated. Porous bearings are impregnated with oil and often have an oil reservoir in the 

housing. 

Plastic bearings are being used increasingly in place of metal. Originally, plastic was 

used only in small, lightly loaded bearings where cost saving was the primary objective. 

More recently, plastics are being used because of functional ad vantages, including 

resistance to abrasion, and they are being made in large sizes. 

THRUST BEARING 

This type of bearing differs from a sleeve bearing in that load are supported axially 

rather than radially. Thin, disk like thrust bearings are called thrust was hers. 

 

 

 

 

 

 

 

 

Fig. 4.4 Thrust Bearing 
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ANTIFRICTIO N BEARINGS 

Ball, roller, and needle bearings are classified as antifriction bearings since friction has 

been reduced to a minimum. They may be divided into two main groups: radial bearings and 

thrust bearings. Except for special designs, ball and roller bearings consist of two rings, a set 

of rolling elements, and a cage. The cage separates the rolling elements and spaces them 

evenly around the periphery (circumference of the circle). The nomenclature of an antifriction 

bearing is given in Fig. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5 Antifriction Bearings Nomenclature (SKFCompany) 

BEARING LOADS 

Radial Load 

Loads acting perpendicular to the axis of the bearing are called radial loads. Although 

radial bearings are designed primarily for straight radial service, they will withstand 

considerable thrust loads when deep ball tracks in the raceway are used. 
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Thrust Load 

Loads applied parallel to the axis of the bearing are called thrust loads. Thrust bearings 

are not designed to carry radial loads. 

 

 

 

 

 

 

 

Fig.4.6 Types of Bearing Loads 

Combination Radial and Thrust Loads 

When loads are exerted both parallel and perpendicular to the axis of the bearings, a 

combination radial and thrust bearing is used. See Fig.2.17(C). The load ratings listed in the 

manufacturers’ catalogs for this type of bearing are for either pure thrust loads or a 

combination of both radial and thrust loads. 

BALL BEARINGS 

Ball bearings fall roughly into three classes: radial, thrust, and angular-contact. Angular-

contact bearings are used for combined radial and thrust loads and where precise shaft location 

is needed. Uses of the other two types are described by their names: radial bearings for radial 

loads and thrust bearings for thrust loads. See Fig. 2.3.6. 

 

 

 

 

Fig.4.7 Ball Bearings (SKF Company) 
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Radial Bearings 

Deep-groove bearings are the most widely used ball bearings. In addition to radialloads, 

they can carry substantial thrust loads at high speeds, in either direction. They require careful 

alignment between shaft and housing. 

Self-aligning bearings come in two types: internal and external. In internal bearings, the 

outer-ring ball groove is ground as a spherical surface. 

Externally self-aligning bearings have a spherical surface on the outside of the outer 

ring, which matches a concave spherical housing. 

Double-row, deep-groove bearings embody the same principle of design as single-row 

bearings. Double-row bearings can be used where high radial and thrust rigidity is needed and 

space is limited. They are about 60 to 80 percent wider than comparable single-row, deep-

groove bearings, and they have about 50 percent more radial capacity. 

Angular-contact thrust bearings can support a heavy thrust load in one 

directioncombined with a moderate radial load. High shoulders on the inner and outer rings 

provide steep contact angles for high thrust capacity and axial rigidity. 

Thrust Bearings 

In a sense, thrust bearings can be considered to be angular-contact bearings. They 

support pure thrust loads at moderate speeds, but for practical purposes their radial load 

capacity is nil. Because they cannot support radial loads, ball thrust bearings must be used 

together with radial bearings. 

Flat-race bearings consist of a pair of flat washers separated by the ball complementand 

a shaft-piloted retainer, so load capacity is limited. Contact stresses are high, and torque 

resistance is low. 

One-directional, grooved-race bearings have grooved races very similar to thosefound in 

radial bearings. 

Two-directional, groove-race bearings consist of two stationary races, one rotatingrace, 

and two ball complements. 
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ROLLER BEARINGS 

The principal types of roller bearings are cylindrical, needle, tapered, and spherical. In 

general, they have higher load capacities than ball bearings of the same size and are widely 

used in heavy-duty, moderate-speed applications. However, except for cylindrical bearings, 

they have lower speed capabilities than ball bearings. See Fig. 2.3.7. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.8 Roller Bearings 

 

Cylindrical Bearings 

Cylindrical roller bearings have high radial capacity and provide accurate guidance to 

the rollers. Their low friction permits operation at high speed, and thrust loads of some 

magnitude can be carried through the flange-roller end contacts. 
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Needle Bearings 

Needle bearings are roller bearings with rollers that have high length-to-diameter ratios. 

Compared with other roller bearings, needle bearings have much smaller rollers for a given 

bore size. 

Loose-needle bearings are simply a full complement of needles in the annular 

spacebetween two hardened machine components, which form the bearing raceways. They 

provide an effective and inexpensive bearing assembly with moderate speed capability, but 

they are sensitive to misalignment. 

Caged assemblies are simply a roller complement with a retainer, placed betweentwo 

hardened machine elements that act as raceways. Their speed capability is about 3times higher 

than that of loose-needle bearings, but the smaller complement of needles reduces load 

capacity for the caged assemblies. 

Thrust bearings are caged bearings with rollers assembled like the spokes of a wheelin a 

wafer like retainer. 

Tapered Bearings 

Tapered roller bearings are widely used in roll-neck applications in rolling mills, 

transmissions, gear reducers, geared shafting, steering mechanisms, and machine-tool 

spindles. Where speeds are low, grease lubrication suffices, but high speeds demand oil 

lubrication, and very high speeds demand special lubricating arrangements. 

Spherical Bearings 

Spherical roller bearings offer an unequaled combination of high load capacity, high 

tolerance to shock loads, and self-aligning ability, but they are speed-limited. 

Single-row bearings are the most widely used tapered roller bearings. They have a high 

radialcapacity and a thrust capacity about 60 percent of radial capacity. 

Two-row bearings can replace two single-row bearings mounted back-to-back or face-

to-facewhen the required capacity exceeds that of a single-row bearing. 
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BEARING SELECTION 

Machine designers have a large variety of bearing types and sizes from which to choose. 

Each of these types has characteristics, which make it best for a certain application. Although 

selection may sometimes present a complex problem requiring considerable experience, the 

following considerations are listed to serve as a general guide for conventional applications. 

➢ Generally, ball bearings are the less expensive choice in the smaller sizes with 

lighter loads, while roller bearings are less expensive for the larger sizes with 

heavier loads. 

➢ Roller bearings are more satisfactory under shock or impact loading than ball 

bearings. 

➢ If there is misalignment between housing and shaft, either a self-aligning ball or 

spherical roller bearing should be used. 

➢ Ball thrust bearings should be subjected to pure thrust loads only. At high 

speeds, and deep-groove or angular-contact ball bearing will usually be a better 

choice even for pure thrust loads. 

➢ Self-aligning ball bearings and cylindrical roller bearings have very low friction 

coefficients. 

➢ Deep-groove ball bearings are available with seals built into the bearings so that 

the bearing can be pre-lubricated and thus operate for long periods without 

attention. 

4.2 DRILLING 

Drilling is the operation of producing circular hole in the work-piece by using a rotating 

cutter called DRIL L. 

The machine used for drilling is called drilling machine. 

The drilling operation can also be accomplished in lathe, in which the drill is held in 

tailstock and the work is held by the chuck. 

The most common drill used is the twist drill. 
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Fig 4.9 Drill fixed to a spindle 

DRILLING MA CHINE 

➢ It is the simplest and accurate machine used in production shop. 

➢ The work piece is held stationary i.e. Clamped in position and the drill rotates to 

make a hole. 

4.2.1 TYPES 

Based on construction:  Portable, Sensitive, Radial, up-right, Gang, Multi-spindle 

Based on Feed: Hand driven, Power driven 

 

Sensitive or Bench Drilling Machine 

This type of drill machine is used for very light works. Fig.1 illustrates the sketch of 

sensitive drilling machine. 

The vertical column carries a swiveling table the height of which can be adjusted 

according to the work piece height. 

The table can also be swung to any desired position. 
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At the top of the column there are two pulleys connected by a belt, one pulley is 

mounted on the motor shaft and other on the machine spindle. 

Vertical movement to the spindle is given by the feed handle by the operator. 

Operator senses the cutting action so sensitive drilling machine. 

Drill holes from 1.5 to 15mm 

 

 

 

 

 

 

 

 

Fig 4.10 Sensitive Drilling Machine 

 

Up-Right Drilling Machine 

These are medium heavy-duty machines. 

It specifically differs from sensitive drill in its weight, rigidity, application of power feed 

and wider range of spindle speed. Fig.2 shows the line sketch of up-right drilling machine. 

This machine usually has a gear driven mechanism for different spindle speed and an 

automatic or power feed device. 

Table can move vertically and radially. 

Drill holes up to 50mm 
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Fig 4.11 Up-Right Drilling Machine 

Radial Drilling Machine 

It the largest and most versatile used for drilling medium to large and heavy work 

pieces. 

Radial drilling machine belong to power feed type. 

The column and radial drilling machine support the radial arm, drill head and motor. 

Fig.4.12 shows the line sketch of radial drilling machine. 
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Fig 4.12 Radial Drilling Machine 

The radial arm slides up and down on the column with the help of elevating screw 

provided on the side of the column, which is driven by a motor. 

The drill head is mounted on the radial arm and moves on the guide ways provided the 

radial arm can also be swiveled around the column. 

The drill head is equipped with a separate motor to drive the spindle, which carries the 

drill bit. A drill head may be moved on the arm manually or by power. 

Feed can be either manual or automatic with reversal mechanism. 
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DRILLING OPERATIONS 

➢ Operations that can be performed in a drilling machine are 

➢ Drilling Reaming Boring 

➢ Counter boring Countersinking Tapping 

 

PRECAUTIONS FOR DRILLING MACHINE 

➢ Lubrication is important to remove heat and friction. Machines should be cleaned 

after use. 

➢ Chips should be removed using brush. 

➢ T-slots, grooves, spindles sleeves, belts, and pulley should be cleaned. Machines 

should be lightly oiled to prevent from rusting 

 

SAFETY PRECAUTIONS 

 

➢ Do not support the work piece by hand – use work ho lding device. Use brush to 

clean the chip 

➢ No adjustments while the machine is operating 

➢ Ensure for the cutting tools running straight before starting the operation. Never 

place tools on the drilling table 

➢ Avoid loose clothing and protect the eyes. 

➢ Ease the feed if drill breaks inside the work piece. 

 

GAS WELDING AND CUTTING 

Oxy-fuel welding, commonly referred to as oxy welding or gas welding is a process of 

joining metals by application of heat created by gas flame. The fuel gas commonly acetylene, 

when mixed with proper proportion of oxygen in a mixing chamber of welding torch, 
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produces a very hot flame of about 5700-5800°F. With this flame it is possible to bring any of 

the so-called commercial metals, namely: cast iron, steel, copper, and aluminum, to a molten 

state and cause a fusion of two pieces of like metals in such a manner that the point of fusion 

will very closely approach the strength of the metal fused. 

➢ If more metal of like nature is added, the union is made even stronger than the 

original. 

➢ This method is called oxy-acetylene welding. 

➢ Chemistry of Oxy Acetylene Process 

The most common fuel used in welding is acetylene. It has a two stage reaction; the first 

stage primary reaction involves the acetylene disassociating in the presence of oxygen to 

produce heat, carbon monoxide, and hydrogen gas. 

Oxy Fuel welding Gases 

Commercial fuel gases have one common property: they all require oxygen to support 

combustion. To be suitable for welding operations, a fuel gas, when burned with oxygen, must 

have the following: 

a. High flame temperature 

b. High rate of flame propagation 

c. Adequate heat content 

d. Minimum chemical reaction of the flame with base and filler metals 

Among the commercially available fuel gases such as propane, liquefied petroleum gas 

(LPG), natural gas, propylene, hydrogen and MAPP gas, “Acetylene” most closely meets all 

the above requirements. 
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CHAPTER 5 

 

RESULTS AND DISCUSSION 

 

After the successfulpreparation, the model is operatedand the resultsobtained in various 

loading conditionare noted and tabulated below. 

5.1 RESULT TABLE 

 

S. N RPMbeforebrakepedalpressed RPMafterbrakepedalpressed Voltageoutput 

1 500 480 9.34 

2 900 870 10.88 

3 1300 1260 11.81 

4 1700 1650 12.91 

5 2100 2040 13.49 

6 2300 2270 13.89 

7 2500 2460 14.49 

 

It can be seen from the resulttables that the efficiency of the regenerative braking 

systems using D.CMotorsincreasesas the angular velocity of the motor increasesand hence the 

regenerativebrakingsystems are more efficientas higher angular velocitiesand the 

recoverableenergyincreaseswithincrease in the motor speed. The lossesarehigherat lower 

speed because the motors areinefficientatlowerspeeds, whereas the lossesat higher speeds are 

mainly mechanicallosses like frictionlossesandair drag. 
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5.2 DISCUSSION 

 

With the markets for hybrid, electricand highly efficient, low emissionconventionally-

poweredvehiclesset to grow rapidly, the pace of development of regenerative braking systems 

looks similarlyset to increase. The two keybarriers to the market for battery- electric vehicles 

(BEVs)arecurrently their high cost(particularly of the battery packs) 

andlimitedrange.Forsystemdevelopers, future challengeswill include 

reducingcosts,increasingvehiclerangeandmeetingstrictersafetyandemissionsstandards. The 

braking regulationwillneed to be applied to advancedsystems that not only stop the vehicle but 

recover lost braking energy. 

In summary, the analysis suggests that current,“first-

generation”regenerativebrakingsystems do not compromise braking safety. The tests carried 

out on one suchsystem, fitted to a hybrid vehicle, did not raiseanysafetyissues. The 

primarydeterminant of how powerful the regenerative braking system might be the 

powercapacity of the battery or other energystoragedevice/system, that is its ability to 

quicklyconvert the kinetic energy of the vehicle intoits storedform. 

Basicmechanicalengineeringtheorysuggests for currentsystems,whichcan only operateat 

quite low powerlevels (<30KW,say), the regenerative braking component is likely to be 

quitesmall,particularlyat high speeds.Suchsystems thus need a substantialadditionalsource of 

braking torque for medium-high decelerationstopsfromsuchspeeds,i.e.a conventional friction- 

braking system. 
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CHAPTER 6 

 

ADVANTAGES, DISADVANTAGES AND APPLICATIONS 

 

6.1 ADVANTAGES 

➢ Better fuel economy. 

➢ Reduced CO2 emissions. 

➢ Approximately 30% saving in fuel consumption 

➢ Improved Performance 

➢ The lower operating and environment cost of the vehicle with regenerative 

Braking System 

➢ Reduction in Engine wears. 

 

6.2DISADVANTAGES 

➢ Added weight – extra components can increase weight. 

➢ Complexity- depends on control necessary for operation ofregenerative 

brakingSystem. 

➢ Cost of components, engineering, manufacturing and installation is high. 

➢ Friction brakes are still necessary. 
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6.3 APPLICATIONS 

➢ Super Capacitor Accept and release charge much more quickly. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.1 Super capacitor in MZADA A-6 

➢ Super capacitor accepted and release charge much more quickly. 

➢ It can be discharged and recharge many more times and with far deterioration 

than a battery. 

➢ The MAZDA unit can accept a full charge in just 8-10seconds. 

➢ The capacitor may take up to about 113s when the load is an minimum about 

18A. 

➢ Regenerative Braking Systems are also used in electric railway vehicle Jaipur 

metro uses the regenerative braking system & save 35% of electricity. 
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➢ For recovering Kinetic energy of vehicle lost during braking process. 

➢ Regenerative braking is used in some elevator and crane hoist motors. (London 

Undergrounded & Virgin Trains). 

APPLICATIONS 

Some of vehicles using regenerative brake: - 

1) Toyota Prius 

2) Ford FUSION 

3) Tesla Roadster Electric Car 

4) Vectrix Electric Maxi-Scooter 

5) KERS is used in F1 cars 
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6.4COMPARISONS 

Advantages of regenerative braking over conventional braking 

➢ Energy Conservation: 

The flywheel absorbs energy when braking via a clutch system slowing the car down 

and speeding up the wheel. To accelerate, another clutch system connects the flywheel to the 

drive train, speeding up the car and slowing down the flywheel. Energy is therefore conserved 

rather than wasted as heat and light which is what normally happens in the contemporary 

shoe/disc system. 

➢ Wear Reduction: 

An electric drive train also allows for regenerative breaking which increases Efficiency 

and reduces wear on the vehicle brakes. 

In regenerative braking, when the motor is not receiving power from the battery pack, it 

resists the turning of the wheels, capturing some of the energy of motion as if it were a 

generator and returning that energy to the battery pack. In mechanical brakes; lessening wear 

and extending brake life is not possible. This reduces the use of use the brake. 

➢ Fuel Consumption: 

The fuel consumption of the conventional vehicles and regenerative brakingsystem 

vehicles was evaluated over a course of various fixed urban driving schedules.The results are 

compared as shown in figure. Representing the significant cost saying to its owner, it has been 

proved the regenerative braking is very fuel-efficient. The Delhi Metro saved around 90,000 

tons of carbon dioxide (CO2) from being released into the atmosphere by regenerating 

112,500 megawatt hours of electricity through the use of regenerative braking systems 

between 2004 and 2007. It is expected that the Delhi Metro will save over 100,000 tons of 

CO2 from being emitted per year once its phase II is complete through the use of regenerative 

braking. The energy efficiency of a conventional car is only about 20 percent, with the 

remaining 80 percent of its energy being converted to heat through friction. The miraculous 

thing about regenerative braking is that it may be able to capture as much as half of that 

wasted energy and put it back to work. This could reduce fuel consumption by 10 to 25 



35 

 

percent. Hydraulic regenerative braking systems could provide even more impressive gains, 

potentially reducing fuel use by 25 to 45 percent. 

Braking is not total loss: 

Conventional brakes apply friction to convert a vehicle’s kinetic energy into heat. In 

energy terms, therefore, braking is a total loss: once heat is generated, it is very difficult to 

reuse. The regenerative braking system, however, slows a vehicle down in a different way. 

 

Comparison of Dynamic brakes and Regenerative brakes 

Dynamic brakes ("rheostatic brakes" in the UK), unlike regenerative brakes, dissipate 

the electric energy as heat by passing the current through large banks of variable resistors. 

Vehicles that use dynamic brakes include forklifts, Diesel-electric locomotives, and streetcars. 

This heat can be used to warm the vehicle interior, or dissipated externally by large radiator-

like cowls to house the resistor banks. 

The main disadvantage of regenerative brakes when compared with dynamic brakes is 

the need to closely match the generated current with the supply characteristics and increased 

maintenance cost of the lines. With DC supplies, this requires that the voltage be closely 

controlled. Only with the development of power electronics has this been possible with AC 

supplies, where the supply frequency must also be matched (this mainly applies to 

locomotives where an AC supply is rectified for DC motors). 

A small number of mountain railways have used 3-phase power supplies and 3- phase 

induction motors. This results in a near constant speed for all trains as the motors rotate with 

the supply frequency both when motoring and braking. 

 

Regenerative Brakes are assisted with the Frictional Brake 

Traditional friction-based braking is used in conjunction with mechanical regenerative 

braking for the following reasons: 
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➢ The regenerative braking effect drops off at lower speeds; therefore, the friction brake is 

still required in order to bring the vehicle to a complete halt. Physical locking of the 

rotor is also required to prevent vehicles from rolling down hills. 

➢ The friction brake is a necessary back-up in the event of failure of the regenerative 

brake. 

➢ Most road vehicles with regenerative braking only have power on some wheels (as in a 

two-wheel drive car) and regenerative braking power only applies to such wheels, so in 

order to provide controlled braking under difficult conditions (such as in wet roads) 

friction-based braking is necessary on the other wheels. 

➢ The amount of electrical energy capable of dissipation is limited by either the capacity of 

the supply system to absorb this energy or on the state of charge of the battery or 

capacitors. No regenerative braking effect can occur if another electrical component on 

the same supply system is not currently drawing power and if the battery or capacitors 

are already charged. For this reason, it is normal to also incorporate dynamic braking to 

absorb the excess energy. 

➢ Under emergency braking it is desirable that the braking force exerted be the maximum 

allowed by the friction between the wheels and the surface without slipping, over the 

entire speed range from the vehicle's maximum speed down to zero. The maximum force 

available for acceleration is typically much less than this except in the case of extreme 

high-performance vehicles. Therefore, the power required to be dissipated by the 

braking system under emergency braking conditions may be many times the maximum 

power which is delivered under acceleration. Traction motors sized to handle the drive 

power may not be able to cope with the extra load and the battery may not be able to 

accept charge at a sufficiently high rate. Friction braking is required to absorb the 

surplus energy in order to allow an acceptable emergency braking performance. 

➢ For these reasons there is typically the need to control the regenerative braking and 

match the friction and regenerative braking to produce the desired total braking output. 
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CHAPTER 7 

 

CONCLUSION AND FUTURE SCOPE 

 

7.1 CONCLUSION 

The regenerativebrakingsystemused in the vehiclessatisfies the purpose of saving a 

part of the energy lost during braking. The regenerative braking system is designed to 

partiallyrecover the batterychargewasted in braking of the vehicle. The energy is converted 

into heat by friction brakeswhicharedissipated to the environment. This Energy is utilized to 

rotate the rotor of generatorconvertingmechanical energy of wheels into useful charge of 

battery. The regenerative braking systemcannot be usedas main braking system of vehicleas it 

cannot bring the vehicle to rest. 

Experimentally it is found that, on increasing the speed of the wheel (rpm) the 

voltagegeneratedwillalso be increasing and vice-versa.Asothersresearchershadusedstepper or 

servo motors asregenerative motor, so in this project, it is 

replacedwithD.Cmotor.motorwithgear. It has been found thatthe voltagegenerated bythe D.C 

motor with gear ishigher than that of voltageproduced by those two motors. 

Hence, if this system is installed in the actualvehicles minimum 11% batteryenergycan 

be recovered using the regenerative braking systemwhichwouldotherwise be wasted to heat in 

frictionbrakes.So the distancetravelled between two successive charging requirementscan be 

increase to 10 to 15 % using this regenerative braking. 
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7.2SCOPEFORFUTUREWORK 

 

By increasing the equipment strength and quality to its peak, we can have multipurpose 

agricultural equipment for life time usage. By providing hydraulics, gear arrangements and 

some minor adjustments the equipment can also be made as tractor powered equipment. 
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ABSTRACT 

 

 

Continuous urbanization and industrialization has to led to increase in volume and type 

of waste generated. It is estimated that in 2006 the total amount of municipal solid waste 

generated globally reached 2.02 billion tones, representing a 7% annual increase since 2003 

(Global Waste Management Market Report 2007). This poses a problem for local and national 

governments to ensure sustainable and effective waste management. Technology always helps 

mankind in making life easier. In public places, proper disposal of waste is not being followed 

which causes overflow of waste in dustbins that has become a threat to the environment. 

Segregation, management, transport and disposal of waste plays an important role to minimize 

the risk to the public and environment. The economic value of waste is best realized when it is 

segregated. Currently there is no such system of segregation of dry, wet and metallic wastes at 

a household level. This paper is an innovative way to revolutionize the waste management 

system using sensors. Segregation is achieved using respective automated sensors and the level 

of dustbins are monitored simultaneously. Presently there's no such system for segregation of 

dry and wet wastes at domestic level or social unit level. This paper proposes an automated 

sensor based waste management and segregation system. It is designed to sort the refuse into 2 

categories: wet and dry (metal). 
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CHAPTER 1 

INTRODUCTION 

In recent times, garbage disposal has become a huge cause for concern in the world. A 

voluminous amount of waste that is generated is disposed by means which have an adverse 

effect on the environment. Waste Management includes arranging, financing, development and 

operation of facilities for the gathering, transportation, reusing and last disposal of the waste. 

The common method of disposal of the waste is by unplanned and uncontrolled open dumping 

at the landfill sites. This method is injurious to human health, plant and animal life. This 

harmful method of waste disposal can generate liquid leachate which contaminate surface and 

ground waters can harbor disease vectors which spread harmful diseases and can degrade 

aesthetic value of the natural environment and it is an unavailing use of land resources. 

In India, rag pickers play an important role in the recycling of urban solid waste. Rag 

pickers and conservancy staff have higher morbidity due to skin infections and respiratory 

problems. The segregation of the wastes are diminished as it depends on the rag pickers. One 

possible solution for this problem could be segregating the waste at the disposal level itself. 

When the waste is segregated into basics streams such as wet, dry. Currently there is no such 

system of segregation of dry, wet and metallic wastes at a household level. The economic value 

of the waste generated is not realised unless it is recycled completely. 

When the waste is segregated into basic streams such as wet, dry and metallic, the waste 

has a higher potential of recovery, and consequently, recycled and reused. The wet waste 

fraction is often converted into either compost or methane gas, or both. Compost can replace 

the demand for chemical fertilisers, and biogas can be used as a source of energy. The metallic 

waste could be reused or recycled. Even though there are large scale industrial waste 

segregators present, it is always much better to segregate the waste at the source itself. 

This paper proposes an Automated Waste Segregator (AWS) which is a cheap, easy to 

use solution for a segregation system at households, so that it can be sent directly for 

processing. It is designed to sort the refuse into metallic waste, wet waste and dry waste. 
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The rising population of India poses serious threats with regard to the availability of 

living space, utilization of natural resources and raw materials, education and employment. But 

another serious peril that follows is the escalating amount of waste generated each minute by 

an individual. Every city is grappling with the menace of ever increasing waste. An astounding 

0.1 million tonnes of waste is generated each day in our country. Sadly, only 5% of this colossal 

amount of waste is recycled. In India, the collection, transportation and disposal of MSW are 

unscientific and chaotic. Uncontrolled dumping of waste on outskirts of towns and cities has 

created overflowing landfills which are not only impossible to reclaim because of the 

haphazard manner of dumping but also has serious environmental implications. When viewed 

on a larger scale, the poor recovery rate has impeded the growth of the country as well as the 

economy of the nation. 

One possible solution for this problem could be segregating the waste at the disposal 

level itself. We have thus come up with an Automatic waste segregator that categorizes the 

waste as wet, dry or metal. An 8051 microcontroller forms the heart of the system. Inductive 

proximity sensor is used to detect if the waste is a metal. Wet and dry waste can be 

distinguished based on their weight. A high speed blower system is used to blow dry waste off 

the belt while most of the wet waste remains. It then falls off as the belt rotates and is collected 

later. This cost effective system is particularly suitable for installation in apartments and 

colonies. 

Ten million ton of garbage is generated in metropolitan cities. The landfills of most of 

these cities are overflowing with no space for fresh garbage waste. The philosophy of “waste 

management hierarchy” has been adopted by most nations as the step for developing municipal 

solid waste (MSW) management strategies. So we decided to separate waste in the home itself 

with the help of using sensors. Here we are going to use ultrasonic sensor and inductive sensor. 

in this project we are separating the waste at our home itself with the use of sensors. By 

separating the waste at home itself we can reduce the work done by the our municipality. This 

helps our government to recycle our waste in very simple manner. 

According to a sanitation survey called ministry of urban development under the 

mission, it was found that about 50% people in India face the problem of improper waste 
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collection and management. According to center of science and environment, innovative 

disposal and recycling methods must be introduced instead of landfill sites. 

Thus, we have proposed a cost effective Automatic waste segregator categorizes the 

waste as plastic, metallic or organic. The monitoring system helps to monitor the waste 

collection process. The common method of waste disposal is by unplanned and uncontrolled 

dumping at landfill areas. This method is hazardous to human health, plant and animal life. 

When the waste is segregated into basic streams such as plastic, metallic and organic, the waste 

has a higher potential of recovery, and then, recycled and reused. The organic waste is 

converted either into compost or methane- gas or both. Compost can replace demand for 

chemical fertilizers, and biogas can be used as a source of energy. The metal waste could be 

reused or recycled. 

Even if there are large scale industrial waste segregators present, it is always feasible 

to separate the waste at the source itself. The benefit of doing so is that the occupational hazard 

for waste workers is reduced. Also, the separated waste could be directly sent to the recycling 

and processing plant instead of sending it to the segregation plant then to the recycling plant 
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CHAPTER-2 

LITERATURE REVIEW 

 The garbage management in cities should be effectively and efficiently implemented. 

Most smart dustbin techniques so far only used IR sensors, Ultrasonic sensors and RFID tags 

and only concentrated on waste management. This section discusses about the existing 

approaches in the field of smart waste management. 

 Insung Hong et.al has suggested that replacing SGS(Smart Garbage Sensor) instead of 

RFID garbage collecting system helps to improve their energy efficiency up to 16% and can 

reduce the food waste reduction.Insidethe SGS they have installed SGBs (Smart Garbage Bins) 

to control the energy efficiency of the system. 

In another framework, the paper proposed to design an electronic machine, which allows you to 

offer a way to abnormal waste disposal gadget. The designed gadget uses biosensor sensor, 

weight sensor and height sensor to locate overflow of the waste within the dust bin and the 

quantity of pollution caused by unwanted toxic gases from the bin. It included a GSM module 

to alert municipality about the overflow of the waste. 

 Fachmin Folianto et.al. has suggested that it uses mesh network. It is used to produce 

data and deliver it to the mesh network. Whenever the bins are filled they need to be cleaned. 

The bin collector gives the route to collect the bins. 

 Vikrant Bhor et.al has suggested that when the system ensures that the garbage bins are 

fully filled up to their maximum it must be cleaned using IR sensor, GSM mode and 

microcontroller. When it is not filled it must be reported to the higher authority of a particular 

contractor. It concludes that it has a clean environment and it decreases the total number of trips 

the garbage collector vehicle rounds. 

 As per the statistics and study, garbage bins needs separate sections and various 

indication facility so that respective authorities can monitor the bins effectively. Solid waste 

management facility in India is very poor. There is no organized efforts and processing plan to 

segregation. It leads to a lot of human efforts. This concept reduces the problems of current waste 

management problems to a lot extent. 
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Waste Segregation using Deep Learning Algorithm 

 This paper presents automatic waste classification based on Convolution Neural 

Network. It separates the waste into non-biodegradable and biodegradable categories using Deep 

learning based image classification. The concept of Deep Learning permits “processing of 

numerous layers through the computational models in order to learn data representations with 

abstraction of multiple layers.” This is appropriate for huge measure of waste. Classification of 

the materials in real time is done by using webcam with python index package. Tensor flow and 

Spyder are the open source software libraries that are used. The training process is very time 

consuming. It prevents manual work to a large extent. The system reduces pollution level to a 

large extend and has a possibility of becoming a large framework in the coming years.  

 

Waste Management using Internet of Things (IoT) 

 This paper studies the amount of time and money that is wasted due to the scheduled 

visits to the dustbins in the area. There are times when the workers find the bins to be overflowing 

and other times when the bins are not even filled to the brim. This causes one of the main reasons 

for inefficiency in proper collection of waste and is also harmful for the environment. Hence a 

smart bin which is solar powered and compacts the waste is developed. It has sensors present in 

it which screens how much waste has been amassed and consequently makes the waste compact 

so that it holds up to 10 times of the ordinary containers. It can remotely transmit the fill level 

utilizing cloud server. The bin can be utilized as a Wi-Fi hotspot and is powered by either battery 

or solar energy. It detects how much waste is inside the compartment and remotely transmits fill 

level data to cloud server. This results in productive utilization of time and keeps the roads more 

hygienic.  

 

IOT Based Smart Garbage Monitoring and Alert System Using Arduino UNO 

 It builds up a system for disposal of garbage by notifying an alarm to the web server of 

the municipal corporation. It notifies the moment of cleaning the waste in the bin by keeping 

legitimate check on level of trash filled. The ultrasonic sensor connected to the Arduino UNO is 

used to measure the trash collected in the container. The entire procedure is maintained by 
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incorporating and utilizing GSM and GPS based on Internet of Things. An Android application 

is created and it has constant connection to the municipal web server to upload the alert received 

from the Arduino and ensures remote observing. 

 

Standalone Frequency Based Automated Trash Bin and Segregator of Plastic Bottles and 

Tin Cans 

 The paper shows how the piezoelectric amplifier framework can be utilized for input 

signal procurement and noise can be eliminated using a comparator. The average frequency 

response of the object triggers the framework as it hits the platform. The Arduino decides the 

further processing steps. Galvanized iron is used for the fabrication of the platform and it is 

associated with a DC engine that isolates the items. There is an overlapping in the frequencies 

of the metal jars and plastic found with middle values of frequencies in spite of the fact that there 

were barely any examples which cause the overlapping. When the bottom of the plastic container 

hit the platform first, results demonstrated the framework's precision when the top hit the stage 

initially was higher contrasted with the bottom value.  

 

Eco-Friendly IOT Based Waste Segregation and Management 

 The  viable  and  effective  techniques  for  assortment  and isolation  of  waste  at  

residential  level  dependent  on  the nature of composition are concentrated in this paper. The 

waste  is put  away  as  it  needs  to  be  in  their  particular portions of the dustbin as metal, 

plastic and biodegradable. The biodegradable waste is distinguished by the discharge of methane 

gas and after a particular amount of gas, liquid is sprayed on it. The fill status of the dustbin is 

observed and data is sent utilizing Wifi module. At the point when a certain level is reached, 

notification is sent to the client to advise that the specific portion is covered and it must be 

discarded. The whole setup of the bin is driven by STM32 microcontroller. Likewise the plastic 

just as metal waste are recognized and isolated into their separate areas utilizing capacitive and 

inductive sensors respectively. [5] Automated Waste Segregator 

The paper depicts a simple to utilize and a cheap way for segregation by introducing an 

Automated Waste Segregator. It is segregates the waste into wet waste, dry waste and metal 

waste. It utilizes  capacitive sensors to perceive wet and dry waste and parallel resonant 

impedance identifying component to perceive metallic things. With an ordered priority of 
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segregating the wet, dry and metal waste, only a single type of waste can be isolated at once. 

Blended kind of waste is isolated by upgrades which utilize the buffer spaces. The detection of 

metal waste is comparatively less, and the whole module can be put in a solitary stage where the 

entity is steady to ensure better results.  

 

A Novel Approach For Waste Segregation At Source Level For Effective Generation Of 

Electricity –Green Bin 

 The paper portrays the innovation of automating the isolation of dry waste into plastics, 

metal, paper and glass at accessible commercial level. The isolation of the waste is determined 

and influenced when the waste products get contaminated. The Green Bin is intended for 

mechanized waste isolation at local level itself. It comprises of inductive metal sensor, capacitive 

moisture sensor, odour sensor and methane sensor. Capacitive based moisture sensor is utilized 

to decide the moisture level present in the waste. The inductive based metal sensor is utilized to 

detect metal content in the waste. The affirm affirmation of food waste is determined by methane 

sensor.  
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CHAPTER 3 

METHODOLOGY 

3.1 PROPOSED SYSTEM 

Segregation is the initiative to complete waste management. Studies show that majority 

of the population in urban and rural areas don't segregate wastes being a reason that they notice 

it inconvenient. Management or assortment of waste is secondary. There are effective systems 

of waste management for smart alert system for garbage clearance by giving an alert signal to 

the municipality for fast assortment of garbage in trash bin with correct verification based on 

level of garbage filling. Here we propose a project that makes use of different sensors and 

actuators to manage the waste in a locality and also segregate it in the initial stages itself. The 

main components that will be used for implementation is as listed below and as shown in the 

block diagram (figure 1) below. 

A. Arduino Uno microcontroller 

A simple Arduino Uno microcontroller forms the heart of the system [2]. The Arduino 

Uno is a microcontroller board based on the ATmega328 (datasheet) [9]. It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal 

oscillator, a USB connection, a power jack, an ICSP header, and a reset button[9][10]. 

B. IR sensor 

This is used to detect whether there is any kind of waste present in the dustbin. IR 

Sensor works using a particular light sensor to detect a single light wavelength in the Infra-Red 

(IR) spectrum. By using an LED which produces light at the same wavelength as what the 

sensor is expects, the intensity of the received light is recorded. When waste is put near the IR 

sensor, it means waste is present and it is ready for segregation. The light from the LED reflects 

from the object and into the light sensor. A huge change in the intensity is created, which 

denotes that an object is present. This sensor gives a logical 1 output which denotes that there 
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is a presence of an object and logical 0 output in the absence of the object. This is fed as input 

to the microcontroller. 

C. Moisture sensor 

The Moisture Sensor uses capacitance to measure dielectric permittivity of the 

surrounding medium. In wet waste, dielectric permittivity is a function of the water content 

[11]. The sensor creates a voltage corresponding to the dielectric permittivity, and hence the 

water content of the waste [11]. Thus it helps to differentiate between wet waste and dry waste. 

[12] IR sensor for level detection- An IR sensor will detect the presence of waste and detects 

the level of waste. This detects the level and communicates to the microcontroller if the level 

crosses a particular threshold. 

D. Gear motor 

Gear motors are mainly used to reduce speed in a series of gears, which in turn creates 

more torque. This is accomplished by an integrated series of gears or a gear box being attached 

to the main motor rotor and shaft via a second reduction shaft. The second shaft is then 

connected to the series of gears or gearbox to create what is known as a series of reduction 

gears. Generally speaking, the longer the train of reduction gears, the lower the output of the 

end, or final, gear will be [13]. This motor is attached to the primary dustbin and it helps in 

clockwise and anticlockwise movements of the bin. 

E. Motor Driver 

Motor drivers act as current amplifiers, this higher current signal is used to drive the 

motor. This is used to provide bidirectional drive voltage from 5V to 36V. It has a high noise 

immunity and provides protection against high temperature. The gear motor needs 12V supply 

but the maximum voltage at which Arduino uno works is 5V. Thus to meet the required 12V, 

L293D is used. 
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F. Inductive Proximity Sensor 

Inductive proximity sensors are used for non-contact detection of metallic objects. 

Their operating principle is based on a coil and oscillator that creates an electromagnetic field 

in the close surroundings of the sensing surface. The presence of a metallic object (actuator) in 

the operating area causes a dampening of the oscillation amplitude. The rise or fall of such 

oscillation is identified by a threshold circuit that changes the output of the sensor. The 

operating distance of the sensor depends on the actuator's shape and size and is strictly linked 

to the nature of the material. 

3.2 BLOCK DIAGRAM: 

 

 

3.3 OBJECTIVE 

The proposed system would be able to automate the solid waste monitoring process and 

management of the overall collection process using IOT (Internet Of Things). The Proposed 

system consist of four main subsystems namely Smart Trash System(STS), Local Base 

Station(LBS), Vehicle System(VS) and Smart Monitoring and Controlling Hut(SMCH). In the 

proposed system, whenever the waste bin gets filled this is acknowledged by placing the waste 

bin, which transmits it to the receiver at the desired place in the area or spot. In the proposed 
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system, the received signal indicates the waste bin status at the monitoring and controlling 

system. 

To separate waste at the houses in the society into dry waste and wet waste using a relay 

circuit driven by a comparator circuit. This waste is collected at the container. The container 

has a sonar sensor used to detect the level of the garbage collected into it. When garbage reaches 

a particular level, an indication to the control unit is sent using RF module. Also, an area besides 

the roadside garbage containers is implemented. This zonal area uses the concept of load sensor 

to indicate if any garbage spills out the container. 

The process of making things automatic is being exploited in almost all the major fields 

of life. Making things automatic reduces burden on the humans. The cost and effort used in 

manually controlled products is much higher than the automated systems. Considering the fact, 

that the problem of efficient waste management is one of the major problems of the modern 

times, there is an utmost need to address this problem. The proper waste management system 

is must for the hygienic society in general and for world as a whole. Solid waste which is one 

of the sources and causes of environmental pollution has been defined under Resource 

Conservation and Recovery Act as any solid, semi-solid liquid or contained gaseous materials 

discarded from industrial, commercial, mining or agricultural operations  and from community 

activities. 

Solid waste also includes garbage, construction debris, commercial refuse, and sludge 

from water or waste treatment plants or air pollution, control facilities and other discarded 

materials. In order to protect human health and the environment from the potential hazards of 

delayed waste disposal and environmental pollution a systematically supervised and controlled 

handling of these wastes is must. The type of wastes which constitute environmental pollution 

and which this work emphasizes on is domestic refuse consisting of degradable food wastes, 

leaves, dead animals and non-degradable ones such as plastics, bottles, nylon, medical and 

hospital wastes, generated in households, hospitals, industries and commercial center. 
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3.4 EXISTING SYSTEM 

Intelligent solid waste bin is essential to develop an efficient and dynamic waste 

management system. This research presents the implementation and execution of an integrated 

sensing system and algorithm for solid waste bin to automate the solid waste management 

process. Several sensing methods have been integrated and have combined their verdicts that 

offer the detection of bin condition and its parameter measurement. A number of test runs have 

been conducted to assess the functioning of the prototype system. The outcome showed that 

the sensing system with the algorithm is efficient and intelligent and can be simply used to 

automate any solid waste bin management process. 

Trommel separators/drum screens, Eddy current separators, Inductor sorting, Near 

infrared sensors, X-ray technology and Manual sorting. 

3.5 PROPOSED SYSTEM 

The whole system is controlled by an Arduino Uno board. All other parts like ultrasonic 

sensors, inductive proximity sensor, DC motors, blower and electromagnet are interfaced to 

the Arduino board. The system comprises of different parts and mechanism such as Open-

Close Mechanism, Conveyor Belt, Inductive Proximity Sensor, Geared DC Motor, Blower, 

Robotic Arm, Electromagnet, Ultrasonic Sensor, GSM Module, Monitoring System, and 

working software’s. 

3.6 MG995 SERVO MOTOR  

MG995 Servo Motor 

MG995 Servo Motor Pinout 
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MG995 is a servo motor that is popular for its performance and low price. The motor 

is used in many applications mainly being robotics and drones. 

Pin Configuration 

MG995 has three terminals as mentioned in pin diagram and the function of each pin is 

given below. 

Pin Name Function 

1 Signal pin (Orange pin) 
The PWM signal which states the axis position is given through this 

pin. 
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2 VCC (Red pin) Positive power supply for servo motor is given to this pin. 

3 Ground(Brown pin) This pin is connected to ground of circuit or power supply. 

 

MG995 Features and Electrical characteristics 

● Metal geared servo for more life 

● Stable and shock proof double ball bearing design 

● High speed rotation for quick response 

● Fast control response 

● Constant torque throughout the servo travel range 

● Excellent holding power 

● Weight: 55 g 

● Dimension: 40.7×19.7×42.9mm 

● Operating voltage range: 4.8 V to 7.2 V 

● Stall torque: 9.4kg/cm (4.8v); 11kg/cm (6v) 

● Operating speed: 0.2 s/60º (4.8 V), 0.16 s/60º (6 V) 

● Rotational degree: 180º 

● Dead band width: 5 μs 

● Operating temperature range: 0ºC to +55ºC 

● Current draw at idle: 10mA 

● No load operating current draw: 170mA 

● Current at maximum load: 1200mA 

  

MG995 Servo Motor Overview 

Since MG995 is a servo motor providing precise rotation over 180º range its 

applications are many and in them a few are stated below 
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● The servo is suited for designing robotic arm in which wear and tear of motor is high. Being 

metal geared, the servo has long life and can be installed on system like robotic arm were 

motor work is huge. 

● The servo is also suited to be used in drones and toy planes. Having a satisfying torque 

which is enough to overcome air resistance and control wings of plane, the servo is 

preferred in toy planes and drones which need precision control no matter the condition. 

 How to use MG995 Servo Motor 

First let us consider the circuit connection of servo as shown below. Here the Red wire 

is connected to +5V regulated power which can deliver current up to 1Amp, Brown wire is 

grounded and Orange wire is connected to PWM (Pulse Width modulation) output of a 

microcontroller. In the circuit if microcontroller and servo has different power sources then the 

microcontroller ground needed to be connected to servo ground. 

 

 

 

Now for controlling of servo there are only two important things to remember: 

● Frequency of PWM: MG995 takes in PWM signal of frequency 50Hz and any higher and 

lower frequency PWM will lead to error. As shown in figure the every single cycle of PWM 

needs to be 20ms width for 50Hz frequency. 



22 

 

● Duty cycle of PWM: The duty cycle of PWM (or ratio of ON time to total cycle time) 

determines the position of servo axis. If we provide a PWM signal of 0.5ms ON time over 

20mS complete cycle, the servo axis will move to 0º. 

  And if we provide a PWM signal of 1.5ms ON time over 20mS complete cycle, the servo 

axis will move to 90º. At last if we provide a PWM signal of 2.5ms ON time over 20mS complete 

cycle, the servo axis will move to 180º. 

Based on these standard values we can also calculate any other degree of rotation. After 

calculation we just have to adjust the duty cycle of the PWM for the servo to read the signal 

and change to that stated position. 
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In this way we can control the servo position using PWM signal of any microcontroller 

or processor. In arduino and other development boards we will have libraries readily available 

to make it even easier to control the servo. If we use those libraries we can directly state the 

servo position instead of adjusting the PWM duty cycle every single time. 

 Applications 

● Drones and RC planes 

● Security camera 

● Robotics 

● Solar tracking and positioning 

● Door lock and safe locks 

● Hobby projects 

  

 

2D-Model 

All dimensions are in millimeter 

 

 

https://components101.com/microcontrollers/arduino-uno
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CHAPTER 4 

SOFTWARE REQUIREMENT 

4.1 ARUDINO IDE 

 The Arduino integrated development environment (IDE) is a cross-platform 

application (for Windows, mac OS, Linux) that is written in the programming language Java. 

It is used to write and upload programs to Arduino compatible boards, but also, with the help 

of 3rd party cores, other vendor development boards. 

The source code for the IDE is released under the GNU General Public License, version 

2. The Arduino IDE supports the languages C and C++ using special rules of code structuring 

 

 

Fig. 4.1 ARUDINO IDE 

The Arduino Uno is an open-source microcontroller board based on the 

MicrochipATmega328P microcontroller and developed by Arduino.cc. The board is equipped 

with sets of digital and analog input/output (I/O) pins that may be interfaced to various 

expansion boards (shields) and other circuits. The board has 14 digital I/O pins (six capable of 

https://en.wikipedia.org/wiki/Open-source
https://en.wikipedia.org/wiki/Microcontroller_board
https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Expansion_board
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PWM output), 6 analog I/O pins, and is programmable with the Arduino IDE (Integrated 

Development Environment), via a type B USB cable. It can be powered by the USB cable or 

by an external 9-volt battery, though it accepts voltages between 7 and 20 volts. It is also similar 

to the Arduino Nano and Leonardo. The hardware reference design is distributed under a 

Creative Commons Attribution Share-Alike 2.5 license and is available on the Arduino 

website. Layout and production files for some versions of the hardware are also available.  

The word "uno" means "one" in Italian and was chosen to mark the initial release of 

Arduino Software. The Uno board is the first in a series of USB-based Arduino boards; it and 

version 1.0 of the Arduino IDE were the reference versions of Arduino, which have now 

evolved to newer releases. The ATmega328 on the board comes preprogrammed with a boot 

loader that allows uploading new code to it without the use of an external hardware 

programmer.  

While the Uno communicates using the original STK500 protocol, it differs from all 

preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses the 

Atmega16U2 (Atmega8U2 up to version R2)  

 

Fig. 4.2  Background of ARUDINO IDE 

 

 

https://en.wikipedia.org/wiki/Pulse-width_modulation
https://en.wikipedia.org/wiki/Arduino#Software
https://en.wikipedia.org/wiki/USB_cable
https://en.wikipedia.org/wiki/9-volt_battery
https://en.wikipedia.org/wiki/Arduino_Nano
https://en.wikipedia.org/wiki/Creative_Commons
https://en.wiktionary.org/wiki/uno
https://en.wikipedia.org/wiki/Italian_language
https://en.wikipedia.org/wiki/Arduino_Software
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Bootloader
https://en.wikipedia.org/wiki/Bootloader


26 

 

The Arduino project started at the Interaction Design Institute Ivrea (IDII) in Ivrea, 

Italy. At that time, the students used a BASIC Stamp microcontroller, at a cost that was a 

considerable expense for many students. In 2003, Hernando Barragán created the development 

platform Wiring as a Master's thesis project at IDII, under the supervision of Massimo Banzi 

and Casey Reas, who are known for work on the Processing language. The project goal was to 

create simple, low-cost tools for creating digital projects by non-engineers. The Wiring 

platform consisted of a printed circuit board (PCB) with an ATmega168 microcontroller, an 

IDE based on Processing, and library functions to easily program the microcontroller.[8] In 

2003, Massimo Banzi, with David Mellis, another IDII student, and David Cuartielles, added 

support for the cheaper ATmega8 microcontroller to Wiring. But instead of continuing the 

work on Wiring, they forked the project and renamed it Arduino. Early arduino boards used 

the FTDI USB-to-serial driver chip and an ATmega168.[8] The Uno differed from all 

preceding boards by featuring the ATmega328P microcontroller and an ATmega16U2 

(Atmega8U2 up to version R2) programmed as a USB-to-serial converter.  

 

4.1.1 Technical specifications 

Microcontroller: MicrochipATmega328P[7] 

Operating Voltage: 5 Volts 

Input Voltage: 7 to 20 Volts 

Digital I/O Pins: 14 (of which 6 can provide PWM output) 

UART: 1 

I2C: 1 

SPPI: 1 

Analog Input Pins: 6 

DC Current per I/O Pin: 20 mA 

https://en.wikipedia.org/wiki/Interaction_Design_Institute_Ivrea
https://en.wikipedia.org/wiki/Ivrea
https://en.wikipedia.org/wiki/BASIC_Stamp
https://en.wikipedia.org/wiki/Arduino#History
https://en.wikipedia.org/wiki/Wiring_(development_platform)
https://en.wikipedia.org/wiki/Processing_(programming_language)
https://en.wikipedia.org/wiki/Printed_circuit_board
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Arduino_Uno#cite_note-:0-8
https://en.wikipedia.org/wiki/Fork_(software_development)
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Arduino_Uno#cite_note-:0-8
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino_Uno#cite_note-website-7
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DC Current for 3.3V Pin: 50 mA 

Flash Memory: 32 KB of which 0.5 KB used by bootloader 

SRAM: 2 KB 

EEPROM: 1 KB 

Clock Speed: 16 MHz 

Length: 68.6 mm 

Width: 53.4 mm 

Weight: 25 g 

Pins 

 

Fig. 4.2 Arduino UNO 

 

 

4.1.2 ARDUINO UNO 

General pin functions 

LED: There is a built-in LED driven by digital pin 13. When the pin is high value, the LED is on, 

when the pin is low, it is off. 

https://en.wikipedia.org/wiki/Flash_Memory
https://en.wikipedia.org/wiki/Booting#BOOT-LOADER
https://en.wikipedia.org/wiki/Static_random-access_memory
https://en.wikipedia.org/wiki/EEPROM
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VIN: The input voltage to the Arduino/Genuino board when it is using an external power source 

(as opposed to 5 volts from the USB connection or other regulated power source). You can supply 

voltage through this pin, or, if supplying voltage via the power jack, access it through this pin. 

 

5V: This pin outputs a regulated 5V from the regulator on the board. The board can be supplied 

with power either from the DC power jack (7 - 20V), the USB connector (5V), or the VIN pin of 

the board (7-20V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can 

damage the board. 

 

3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA. 

 

GND: Ground pins. 

 

IOREF: This pin on the Arduino/Genuino board provides the voltage reference with which the 

microcontroller operates. A properly configured shield can read the IOREF pin voltage and select 

the appropriate power source, or enable voltage translators on the outputs to work with the 5V or 

3.3V. 

 

Reset: Typically used to add a reset button to shields that block the one on the board.  

 

Special pin functions 

 

Each of the 14 digital pins and 6 analog pins on the Uno can be used as an input or output, under 

software control (using pinMode(), digitalWrite(), and digitalRead() functions). They operate at 5 

volts. Each pin can provide or receive 20 mA as the recommended operating condition and has an 

internal pull-up resistor (disconnected by default) of 20-50K ohm. A maximum of 40mA must not 

be exceeded on any I/O pin to avoid permanent damage to the microcontroller. The Uno has 6 

analog inputs, labeled A0 through A5; each provides 10 bits of resolution (i.e. 1024 different 

values). By default, they measure from ground to 5 volts, though it is possible to change the upper 

end of the range using the AREF pin and the analogReference() function.  
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In addition, some pins have specialized functions:  

Serial / UART:  

pins 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These 

pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL serial chip. 

 

External interrupts: 

pins 2 and 3. These pins can be configured to trigger an interrupt on a low value, a rising 

or falling edge, or a change in value. 

 

PWM (pulse-width modulation):  

pins 3, 5, 6, 9, 10, and 11. Can provide 8-bit PWM output with the analogWrite() function. 

 

SPI (Serial Peripheral Interface):  

pins 10 (SS), 11 (MOSI), 12 (MISO), and 13 (SCK). These pins support SPI 

communication using the SPI library. 

 

TWI (two-wire interface) / I²C:  

pin SDA (A4) and pin SCL (A5). Support TWI communication using the Wire library. 

 

AREF (analog reference):  

Reference voltage for the analog inputs. 

 

Communication 

The Arduino/Genuino Uno has a number of facilities for communicating with a computer, another 

Arduino/Genuino board, or other microcontrollers. The ATmega328 provides UART TTL (5V) 

serial communication, which is available on digital pins 0 (RX) and 1 (TX). An ATmega16U2 on 

the board channels this serial communication over USB and appears as a virtual com port to 

software on the computer. The 16U2 firmware uses the standard USB COM drivers, and no 

external driver is needed. However, on Windows, a .inf file is required. Arduino Software (IDE) 

includes a serial monitor which allows simple textual data to be sent to and from the board. The 

https://en.wikipedia.org/wiki/UART
https://en.wikipedia.org/wiki/Pulse-width_modulation
https://en.wikipedia.org/wiki/Serial_Peripheral_Interface
https://en.wikipedia.org/wiki/I%C2%B2C
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RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-serial 

chip and USB connection to the computer (but not for serial communication on pins 0 and 1). A 

Software Serial library allows serial communication on any of the Uno's digital pins.  

 

Automatic (software) reset 

Rather than requiring a physical press of the reset button before an upload, the Arduino/Genuino 

Uno board is designed in a way that allows it to be reset by software running on a connected 

computer. One of the hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected 

to the reset line of the ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken 

low), the reset line drops long enough to reset the chip.  

This setup has other implications. When the Uno is connected to a computer running Mac OS X 

or Linux, it resets each time a connection is made to it from software (via USB). For the following 

half-second or so, the bootloader is running on the Uno. While it is programmed to ignore 

malformed data (i.e. anything besides an upload of new code), it will intercept the first few bytes 

of data sent to the board after a connection is opened.  
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CHAPTER 5 

 

RESULTS AND DISCUSSION 

 

5.1 METALLIC WASTE SEPARATION 

Table 5.1 Result of Metallic waste separation 

Sl. No Types of Metallic 

Waste 

Discarded Not discarded 

1. Safety pins Yes  

2. Paper clips Yes  

 

Sl.No Types of  Dry Waste Discarded Not discarded 

3. Printed Coke cans Yes   

4. Batteries Yes  

5. Nails Yes  

6. Tinned food cans Yes  

 

 

 

Table 5.2 Table of acceptance and rejection of metallic waste 

 

Sl.No 
Types of 

metallic Waste 

True 

Acceptance 

True 

rejection 

False 

Acceptanc

e 

False 

Rejection 

1. Safety pins 90%   10% 

2. Paper clips 90%   10% 
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3. Printed Coke cans 100%    

4. Batteries 100%    

5. Nails 95%   5% 

6. Tinned food cans 95%   5% 

 

5.2 DRY WASTE 

 

The blower will blow all the dry waste that is discarded. As it is blown off, a simple 

collecting chamber is built just opposite the blower. The waste hits the chamber and falls down 

into the dry waste bin. 

Table 5.3 Result of Dry waste separation 

1. Papers Yes  

2. Tissue rolls Yes  

3. Bottles Yes  

4. Heavy cartons  No 

5. Milk covers Yes  

6. Tetra packs Yes  

7. Dried leaves Yes  

8. Stationeries Yes  

9. Textiles Yes  
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Table 5.4 Table of acceptance and rejection of dry waste 

 

Sl.no 
Blower 

Section 
True Acceptance True Rejection False Acceptance False Rejection 

1 Paper 90%   10% 

2 Plastic 95%   5% 

3 
Peels of 

veggies 
  100%  

4 Wet Waste  100%   

5 
Dry Garden 

Waste 
100%    

6 Carton boxes 15%   85% 

7 
Broken glass 

pieces 
   100% 

 

As seen from the table, small and light weight vegetable peels may be falsely accepted. 

However this will not deter the processing of dry waste in any manner. Also, huge shards of 

glass pieces may be falsely rejected. Overall, the system can efficiently sort dry waste. 

 

 5.3 WET WASTE 

 

Wet waste is successfully segregated from the other types of waste in this system. They 

do not get blown off by the blower. Hence as the belt continues to rotate forward, the waste 

fall at the end into the wet waste bin 

Table 5.5 Result of Wet waste separation 

 

Sl.No Types of Wet Waste Discarded 
Not 

discarded 

1. Kitchen Waste Yes  
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2. 
Rotten fruits and  

vegetables 
Yes  

3. Garden Waste Yes  

4. Leftover food Yes  

5. 
 Peels of fruits and  

vegetables 
Yes  

6.  Tea bags Yes  

 
Table 4.6 Table of acceptance and rejection of wet waste   

 

Sl.no Blower Section True Acceptance True Rejection False Acceptance False  

Rejection 

1 
Kitchen Waste 100%    

2 Rotten fruits 

and veggies 
100%    

3 
Peels of veggies    100% 

4 
Dry Waste  100%   

5 Wet Garden 

Waste 
100%    

6 
Tea bags 95%   5% 
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PROJECT PICTURES: 
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CHAPTER 6 

 

CONCLUSION AND FUTURE SCOPE 

 

6.1 CONCLUSION 

Automated Waste Segregator has been successfully implemented for the segregation of 

waste into metallic, dry and wet waste at a domestic level. However, it cannot segregate 

ceramic into dry waste because of its higher relative dielectric constant as compared to other 

dry wastes. Noise can be eliminated in the sensing module to increase accuracy and overall 

efficiency. This system has its own limitations. It can segregate only one type of waste at a 

time with an assigned priority for metal, wet and dry waste. Thus, improvements can be made 

to segregate mixed type of waste by the use of buffer spaces. Since, the time for sensing metal 

objects is low the entire sensing module can be placed along a single platform where the object 

is stable to ensure better results. 

 

6.2 SCOPE FOR FUTURE WORK 

 

⮚ Inlet section can be incorporated with a crusher mechanism to reduce the size of 

the incoming waste. 

⮚ Inlet section can also be integrated with a blower mechanism to dehumidify the 

waste input in the system. 

⮚ Provisions can be made for on spot decomposition of wet waste. 

⮚ GSM contraption to intimate to the nearest industry to use the metals collected. 

⮚ Plastics can be segregated from the collected dry waste and also be processed 

based on their types, grades and colors. Thus further separation of dry waste can 

also be done. 
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ABSTRACT 

 

 

Continuous urbanization and industrialization has to led to increase in volume and type 

of waste generated. It is estimated that in 2006 the total amount of municipal solid waste 

generated globally reached 2.02 billion tones, representing a 7% annual increase since 2003 

(Global Waste Management Market Report 2007). This poses a problem for local and national 

governments to ensure sustainable and effective waste management. Technology always helps 

mankind in making life easier. In public places, proper disposal of waste is not being followed 

which causes overflow of waste in dustbins that has become a threat to the environment. 

Segregation, management, transport and disposal of waste plays an important role to minimize 

the risk to the public and environment. The economic value of waste is best realized when it is 

segregated. Currently there is no such system of segregation of dry, wet and metallic wastes at 

a household level. This paper is an innovative way to revolutionize the waste management 

system using sensors. Segregation is achieved using respective automated sensors and the level 

of dustbins are monitored simultaneously. Presently there's no such system for segregation of 

dry and wet wastes at domestic level or social unit level. This paper proposes an automated 

sensor based waste management and segregation system. It is designed to sort the refuse into 2 

categories: wet and dry (metal). 
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CHAPTER 1 

INTRODUCTION 

In recent times, garbage disposal has become a huge cause for concern in the world. A 

voluminous amount of waste that is generated is disposed by means which have an adverse 

effect on the environment. Waste Management includes arranging, financing, development and 

operation of facilities for the gathering, transportation, reusing and last disposal of the waste. 

The common method of disposal of the waste is by unplanned and uncontrolled open dumping 

at the landfill sites. This method is injurious to human health, plant and animal life. This 

harmful method of waste disposal can generate liquid leachate which contaminate surface and 

ground waters can harbor disease vectors which spread harmful diseases and can degrade 

aesthetic value of the natural environment and it is an unavailing use of land resources. 

In India, rag pickers play an important role in the recycling of urban solid waste. Rag 

pickers and conservancy staff have higher morbidity due to skin infections and respiratory 

problems. The segregation of the wastes are diminished as it depends on the rag pickers. One 

possible solution for this problem could be segregating the waste at the disposal level itself. 

When the waste is segregated into basics streams such as wet, dry. Currently there is no such 

system of segregation of dry, wet and metallic wastes at a household level. The economic value 

of the waste generated is not realised unless it is recycled completely. 

When the waste is segregated into basic streams such as wet, dry and metallic, the waste 

has a higher potential of recovery, and consequently, recycled and reused. The wet waste 

fraction is often converted into either compost or methane gas, or both. Compost can replace 

the demand for chemical fertilisers, and biogas can be used as a source of energy. The metallic 

waste could be reused or recycled. Even though there are large scale industrial waste 

segregators present, it is always much better to segregate the waste at the source itself. 

This paper proposes an Automated Waste Segregator (AWS) which is a cheap, easy to 

use solution for a segregation system at households, so that it can be sent directly for 

processing. It is designed to sort the refuse into metallic waste, wet waste and dry waste. 
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The rising population of India poses serious threats with regard to the availability of 

living space, utilization of natural resources and raw materials, education and employment. But 

another serious peril that follows is the escalating amount of waste generated each minute by 

an individual. Every city is grappling with the menace of ever increasing waste. An astounding 

0.1 million tonnes of waste is generated each day in our country. Sadly, only 5% of this colossal 

amount of waste is recycled. In India, the collection, transportation and disposal of MSW are 

unscientific and chaotic. Uncontrolled dumping of waste on outskirts of towns and cities has 

created overflowing landfills which are not only impossible to reclaim because of the 

haphazard manner of dumping but also has serious environmental implications. When viewed 

on a larger scale, the poor recovery rate has impeded the growth of the country as well as the 

economy of the nation. 

One possible solution for this problem could be segregating the waste at the disposal 

level itself. We have thus come up with an Automatic waste segregator that categorizes the 

waste as wet, dry or metal. An 8051 microcontroller forms the heart of the system. Inductive 

proximity sensor is used to detect if the waste is a metal. Wet and dry waste can be 

distinguished based on their weight. A high speed blower system is used to blow dry waste off 

the belt while most of the wet waste remains. It then falls off as the belt rotates and is collected 

later. This cost effective system is particularly suitable for installation in apartments and 

colonies. 

Ten million ton of garbage is generated in metropolitan cities. The landfills of most of 

these cities are overflowing with no space for fresh garbage waste. The philosophy of “waste 

management hierarchy” has been adopted by most nations as the step for developing municipal 

solid waste (MSW) management strategies. So we decided to separate waste in the home itself 

with the help of using sensors. Here we are going to use ultrasonic sensor and inductive sensor. 

in this project we are separating the waste at our home itself with the use of sensors. By 

separating the waste at home itself we can reduce the work done by the our municipality. This 

helps our government to recycle our waste in very simple manner. 

According to a sanitation survey called ministry of urban development under the 

mission, it was found that about 50% people in India face the problem of improper waste 
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collection and management. According to center of science and environment, innovative 

disposal and recycling methods must be introduced instead of landfill sites. 

Thus, we have proposed a cost effective Automatic waste segregator categorizes the 

waste as plastic, metallic or organic. The monitoring system helps to monitor the waste 

collection process. The common method of waste disposal is by unplanned and uncontrolled 

dumping at landfill areas. This method is hazardous to human health, plant and animal life. 

When the waste is segregated into basic streams such as plastic, metallic and organic, the waste 

has a higher potential of recovery, and then, recycled and reused. The organic waste is 

converted either into compost or methane- gas or both. Compost can replace demand for 

chemical fertilizers, and biogas can be used as a source of energy. The metal waste could be 

reused or recycled. 

Even if there are large scale industrial waste segregators present, it is always feasible 

to separate the waste at the source itself. The benefit of doing so is that the occupational hazard 

for waste workers is reduced. Also, the separated waste could be directly sent to the recycling 

and processing plant instead of sending it to the segregation plant then to the recycling plant 
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CHAPTER-2 

LITERATURE REVIEW 

 The garbage management in cities should be effectively and efficiently implemented. 

Most smart dustbin techniques so far only used IR sensors, Ultrasonic sensors and RFID tags 

and only concentrated on waste management. This section discusses about the existing 

approaches in the field of smart waste management. 

 Insung Hong et.al has suggested that replacing SGS(Smart Garbage Sensor) instead of 

RFID garbage collecting system helps to improve their energy efficiency up to 16% and can 

reduce the food waste reduction.Insidethe SGS they have installed SGBs (Smart Garbage Bins) 

to control the energy efficiency of the system. 

In another framework, the paper proposed to design an electronic machine, which allows you to 

offer a way to abnormal waste disposal gadget. The designed gadget uses biosensor sensor, 

weight sensor and height sensor to locate overflow of the waste within the dust bin and the 

quantity of pollution caused by unwanted toxic gases from the bin. It included a GSM module 

to alert municipality about the overflow of the waste. 

 Fachmin Folianto et.al. has suggested that it uses mesh network. It is used to produce 

data and deliver it to the mesh network. Whenever the bins are filled they need to be cleaned. 

The bin collector gives the route to collect the bins. 

 Vikrant Bhor et.al has suggested that when the system ensures that the garbage bins are 

fully filled up to their maximum it must be cleaned using IR sensor, GSM mode and 

microcontroller. When it is not filled it must be reported to the higher authority of a particular 

contractor. It concludes that it has a clean environment and it decreases the total number of trips 

the garbage collector vehicle rounds. 

 As per the statistics and study, garbage bins needs separate sections and various 

indication facility so that respective authorities can monitor the bins effectively. Solid waste 

management facility in India is very poor. There is no organized efforts and processing plan to 

segregation. It leads to a lot of human efforts. This concept reduces the problems of current waste 

management problems to a lot extent. 
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Waste Segregation using Deep Learning Algorithm 

 This paper presents automatic waste classification based on Convolution Neural 

Network. It separates the waste into non-biodegradable and biodegradable categories using Deep 

learning based image classification. The concept of Deep Learning permits “processing of 

numerous layers through the computational models in order to learn data representations with 

abstraction of multiple layers.” This is appropriate for huge measure of waste. Classification of 

the materials in real time is done by using webcam with python index package. Tensor flow and 

Spyder are the open source software libraries that are used. The training process is very time 

consuming. It prevents manual work to a large extent. The system reduces pollution level to a 

large extend and has a possibility of becoming a large framework in the coming years.  

 

Waste Management using Internet of Things (IoT) 

 This paper studies the amount of time and money that is wasted due to the scheduled 

visits to the dustbins in the area. There are times when the workers find the bins to be overflowing 

and other times when the bins are not even filled to the brim. This causes one of the main reasons 

for inefficiency in proper collection of waste and is also harmful for the environment. Hence a 

smart bin which is solar powered and compacts the waste is developed. It has sensors present in 

it which screens how much waste has been amassed and consequently makes the waste compact 

so that it holds up to 10 times of the ordinary containers. It can remotely transmit the fill level 

utilizing cloud server. The bin can be utilized as a Wi-Fi hotspot and is powered by either battery 

or solar energy. It detects how much waste is inside the compartment and remotely transmits fill 

level data to cloud server. This results in productive utilization of time and keeps the roads more 

hygienic.  

 

IOT Based Smart Garbage Monitoring and Alert System Using Arduino UNO 

 It builds up a system for disposal of garbage by notifying an alarm to the web server of 

the municipal corporation. It notifies the moment of cleaning the waste in the bin by keeping 

legitimate check on level of trash filled. The ultrasonic sensor connected to the Arduino UNO is 

used to measure the trash collected in the container. The entire procedure is maintained by 
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incorporating and utilizing GSM and GPS based on Internet of Things. An Android application 

is created and it has constant connection to the municipal web server to upload the alert received 

from the Arduino and ensures remote observing. 

 

Standalone Frequency Based Automated Trash Bin and Segregator of Plastic Bottles and 

Tin Cans 

 The paper shows how the piezoelectric amplifier framework can be utilized for input 

signal procurement and noise can be eliminated using a comparator. The average frequency 

response of the object triggers the framework as it hits the platform. The Arduino decides the 

further processing steps. Galvanized iron is used for the fabrication of the platform and it is 

associated with a DC engine that isolates the items. There is an overlapping in the frequencies 

of the metal jars and plastic found with middle values of frequencies in spite of the fact that there 

were barely any examples which cause the overlapping. When the bottom of the plastic container 

hit the platform first, results demonstrated the framework's precision when the top hit the stage 

initially was higher contrasted with the bottom value.  

 

Eco-Friendly IOT Based Waste Segregation and Management 

 The  viable  and  effective  techniques  for  assortment  and isolation  of  waste  at  

residential  level  dependent  on  the nature of composition are concentrated in this paper. The 

waste  is put  away  as  it  needs  to  be  in  their  particular portions of the dustbin as metal, 

plastic and biodegradable. The biodegradable waste is distinguished by the discharge of methane 

gas and after a particular amount of gas, liquid is sprayed on it. The fill status of the dustbin is 

observed and data is sent utilizing Wifi module. At the point when a certain level is reached, 

notification is sent to the client to advise that the specific portion is covered and it must be 

discarded. The whole setup of the bin is driven by STM32 microcontroller. Likewise the plastic 

just as metal waste are recognized and isolated into their separate areas utilizing capacitive and 

inductive sensors respectively. [5] Automated Waste Segregator 

The paper depicts a simple to utilize and a cheap way for segregation by introducing an 

Automated Waste Segregator. It is segregates the waste into wet waste, dry waste and metal 

waste. It utilizes  capacitive sensors to perceive wet and dry waste and parallel resonant 

impedance identifying component to perceive metallic things. With an ordered priority of 
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segregating the wet, dry and metal waste, only a single type of waste can be isolated at once. 

Blended kind of waste is isolated by upgrades which utilize the buffer spaces. The detection of 

metal waste is comparatively less, and the whole module can be put in a solitary stage where the 

entity is steady to ensure better results.  

 

A Novel Approach For Waste Segregation At Source Level For Effective Generation Of 

Electricity –Green Bin 

 The paper portrays the innovation of automating the isolation of dry waste into plastics, 

metal, paper and glass at accessible commercial level. The isolation of the waste is determined 

and influenced when the waste products get contaminated. The Green Bin is intended for 

mechanized waste isolation at local level itself. It comprises of inductive metal sensor, capacitive 

moisture sensor, odour sensor and methane sensor. Capacitive based moisture sensor is utilized 

to decide the moisture level present in the waste. The inductive based metal sensor is utilized to 

detect metal content in the waste. The affirm affirmation of food waste is determined by methane 

sensor.  
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CHAPTER 3 

METHODOLOGY 

3.1 PROPOSED SYSTEM 

Segregation is the initiative to complete waste management. Studies show that majority 

of the population in urban and rural areas don't segregate wastes being a reason that they notice 

it inconvenient. Management or assortment of waste is secondary. There are effective systems 

of waste management for smart alert system for garbage clearance by giving an alert signal to 

the municipality for fast assortment of garbage in trash bin with correct verification based on 

level of garbage filling. Here we propose a project that makes use of different sensors and 

actuators to manage the waste in a locality and also segregate it in the initial stages itself. The 

main components that will be used for implementation is as listed below and as shown in the 

block diagram (figure 1) below. 

A. Arduino Uno microcontroller 

A simple Arduino Uno microcontroller forms the heart of the system [2]. The Arduino 

Uno is a microcontroller board based on the ATmega328 (datasheet) [9]. It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal 

oscillator, a USB connection, a power jack, an ICSP header, and a reset button[9][10]. 

B. IR sensor 

This is used to detect whether there is any kind of waste present in the dustbin. IR 

Sensor works using a particular light sensor to detect a single light wavelength in the Infra-Red 

(IR) spectrum. By using an LED which produces light at the same wavelength as what the 

sensor is expects, the intensity of the received light is recorded. When waste is put near the IR 

sensor, it means waste is present and it is ready for segregation. The light from the LED reflects 

from the object and into the light sensor. A huge change in the intensity is created, which 

denotes that an object is present. This sensor gives a logical 1 output which denotes that there 
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is a presence of an object and logical 0 output in the absence of the object. This is fed as input 

to the microcontroller. 

C. Moisture sensor 

The Moisture Sensor uses capacitance to measure dielectric permittivity of the 

surrounding medium. In wet waste, dielectric permittivity is a function of the water content 

[11]. The sensor creates a voltage corresponding to the dielectric permittivity, and hence the 

water content of the waste [11]. Thus it helps to differentiate between wet waste and dry waste. 

[12] IR sensor for level detection- An IR sensor will detect the presence of waste and detects 

the level of waste. This detects the level and communicates to the microcontroller if the level 

crosses a particular threshold. 

D. Gear motor 

Gear motors are mainly used to reduce speed in a series of gears, which in turn creates 

more torque. This is accomplished by an integrated series of gears or a gear box being attached 

to the main motor rotor and shaft via a second reduction shaft. The second shaft is then 

connected to the series of gears or gearbox to create what is known as a series of reduction 

gears. Generally speaking, the longer the train of reduction gears, the lower the output of the 

end, or final, gear will be [13]. This motor is attached to the primary dustbin and it helps in 

clockwise and anticlockwise movements of the bin. 

E. Motor Driver 

Motor drivers act as current amplifiers, this higher current signal is used to drive the 

motor. This is used to provide bidirectional drive voltage from 5V to 36V. It has a high noise 

immunity and provides protection against high temperature. The gear motor needs 12V supply 

but the maximum voltage at which Arduino uno works is 5V. Thus to meet the required 12V, 

L293D is used. 
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F. Inductive Proximity Sensor 

Inductive proximity sensors are used for non-contact detection of metallic objects. 

Their operating principle is based on a coil and oscillator that creates an electromagnetic field 

in the close surroundings of the sensing surface. The presence of a metallic object (actuator) in 

the operating area causes a dampening of the oscillation amplitude. The rise or fall of such 

oscillation is identified by a threshold circuit that changes the output of the sensor. The 

operating distance of the sensor depends on the actuator's shape and size and is strictly linked 

to the nature of the material. 

3.2 BLOCK DIAGRAM: 

 

 

3.3 OBJECTIVE 

The proposed system would be able to automate the solid waste monitoring process and 

management of the overall collection process using IOT (Internet Of Things). The Proposed 

system consist of four main subsystems namely Smart Trash System(STS), Local Base 

Station(LBS), Vehicle System(VS) and Smart Monitoring and Controlling Hut(SMCH). In the 

proposed system, whenever the waste bin gets filled this is acknowledged by placing the waste 

bin, which transmits it to the receiver at the desired place in the area or spot. In the proposed 
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system, the received signal indicates the waste bin status at the monitoring and controlling 

system. 

To separate waste at the houses in the society into dry waste and wet waste using a relay 

circuit driven by a comparator circuit. This waste is collected at the container. The container 

has a sonar sensor used to detect the level of the garbage collected into it. When garbage reaches 

a particular level, an indication to the control unit is sent using RF module. Also, an area besides 

the roadside garbage containers is implemented. This zonal area uses the concept of load sensor 

to indicate if any garbage spills out the container. 

The process of making things automatic is being exploited in almost all the major fields 

of life. Making things automatic reduces burden on the humans. The cost and effort used in 

manually controlled products is much higher than the automated systems. Considering the fact, 

that the problem of efficient waste management is one of the major problems of the modern 

times, there is an utmost need to address this problem. The proper waste management system 

is must for the hygienic society in general and for world as a whole. Solid waste which is one 

of the sources and causes of environmental pollution has been defined under Resource 

Conservation and Recovery Act as any solid, semi-solid liquid or contained gaseous materials 

discarded from industrial, commercial, mining or agricultural operations  and from community 

activities. 

Solid waste also includes garbage, construction debris, commercial refuse, and sludge 

from water or waste treatment plants or air pollution, control facilities and other discarded 

materials. In order to protect human health and the environment from the potential hazards of 

delayed waste disposal and environmental pollution a systematically supervised and controlled 

handling of these wastes is must. The type of wastes which constitute environmental pollution 

and which this work emphasizes on is domestic refuse consisting of degradable food wastes, 

leaves, dead animals and non-degradable ones such as plastics, bottles, nylon, medical and 

hospital wastes, generated in households, hospitals, industries and commercial center. 
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3.4 EXISTING SYSTEM 

Intelligent solid waste bin is essential to develop an efficient and dynamic waste 

management system. This research presents the implementation and execution of an integrated 

sensing system and algorithm for solid waste bin to automate the solid waste management 

process. Several sensing methods have been integrated and have combined their verdicts that 

offer the detection of bin condition and its parameter measurement. A number of test runs have 

been conducted to assess the functioning of the prototype system. The outcome showed that 

the sensing system with the algorithm is efficient and intelligent and can be simply used to 

automate any solid waste bin management process. 

Trommel separators/drum screens, Eddy current separators, Inductor sorting, Near 

infrared sensors, X-ray technology and Manual sorting. 

3.5 PROPOSED SYSTEM 

The whole system is controlled by an Arduino Uno board. All other parts like ultrasonic 

sensors, inductive proximity sensor, DC motors, blower and electromagnet are interfaced to 

the Arduino board. The system comprises of different parts and mechanism such as Open-

Close Mechanism, Conveyor Belt, Inductive Proximity Sensor, Geared DC Motor, Blower, 

Robotic Arm, Electromagnet, Ultrasonic Sensor, GSM Module, Monitoring System, and 

working software’s. 

3.6 MG995 SERVO MOTOR  

MG995 Servo Motor 

MG995 Servo Motor Pinout 
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MG995 is a servo motor that is popular for its performance and low price. The motor 

is used in many applications mainly being robotics and drones. 

Pin Configuration 

MG995 has three terminals as mentioned in pin diagram and the function of each pin is 

given below. 

Pin Name Function 

1 Signal pin (Orange pin) 
The PWM signal which states the axis position is given through this 

pin. 
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2 VCC (Red pin) Positive power supply for servo motor is given to this pin. 

3 Ground(Brown pin) This pin is connected to ground of circuit or power supply. 

 

MG995 Features and Electrical characteristics 

● Metal geared servo for more life 

● Stable and shock proof double ball bearing design 

● High speed rotation for quick response 

● Fast control response 

● Constant torque throughout the servo travel range 

● Excellent holding power 

● Weight: 55 g 

● Dimension: 40.7×19.7×42.9mm 

● Operating voltage range: 4.8 V to 7.2 V 

● Stall torque: 9.4kg/cm (4.8v); 11kg/cm (6v) 

● Operating speed: 0.2 s/60º (4.8 V), 0.16 s/60º (6 V) 

● Rotational degree: 180º 

● Dead band width: 5 μs 

● Operating temperature range: 0ºC to +55ºC 

● Current draw at idle: 10mA 

● No load operating current draw: 170mA 

● Current at maximum load: 1200mA 

  

MG995 Servo Motor Overview 

Since MG995 is a servo motor providing precise rotation over 180º range its 

applications are many and in them a few are stated below 
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● The servo is suited for designing robotic arm in which wear and tear of motor is high. Being 

metal geared, the servo has long life and can be installed on system like robotic arm were 

motor work is huge. 

● The servo is also suited to be used in drones and toy planes. Having a satisfying torque 

which is enough to overcome air resistance and control wings of plane, the servo is 

preferred in toy planes and drones which need precision control no matter the condition. 

 How to use MG995 Servo Motor 

First let us consider the circuit connection of servo as shown below. Here the Red wire 

is connected to +5V regulated power which can deliver current up to 1Amp, Brown wire is 

grounded and Orange wire is connected to PWM (Pulse Width modulation) output of a 

microcontroller. In the circuit if microcontroller and servo has different power sources then the 

microcontroller ground needed to be connected to servo ground. 

 

 

 

Now for controlling of servo there are only two important things to remember: 

● Frequency of PWM: MG995 takes in PWM signal of frequency 50Hz and any higher and 

lower frequency PWM will lead to error. As shown in figure the every single cycle of PWM 

needs to be 20ms width for 50Hz frequency. 
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● Duty cycle of PWM: The duty cycle of PWM (or ratio of ON time to total cycle time) 

determines the position of servo axis. If we provide a PWM signal of 0.5ms ON time over 

20mS complete cycle, the servo axis will move to 0º. 

  And if we provide a PWM signal of 1.5ms ON time over 20mS complete cycle, the servo 

axis will move to 90º. At last if we provide a PWM signal of 2.5ms ON time over 20mS complete 

cycle, the servo axis will move to 180º. 

Based on these standard values we can also calculate any other degree of rotation. After 

calculation we just have to adjust the duty cycle of the PWM for the servo to read the signal 

and change to that stated position. 
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In this way we can control the servo position using PWM signal of any microcontroller 

or processor. In arduino and other development boards we will have libraries readily available 

to make it even easier to control the servo. If we use those libraries we can directly state the 

servo position instead of adjusting the PWM duty cycle every single time. 

 Applications 

● Drones and RC planes 

● Security camera 

● Robotics 

● Solar tracking and positioning 

● Door lock and safe locks 

● Hobby projects 

  

 

2D-Model 

All dimensions are in millimeter 

 

 

https://components101.com/microcontrollers/arduino-uno
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CHAPTER 4 

SOFTWARE REQUIREMENT 

4.1 ARUDINO IDE 

 The Arduino integrated development environment (IDE) is a cross-platform 

application (for Windows, mac OS, Linux) that is written in the programming language Java. 

It is used to write and upload programs to Arduino compatible boards, but also, with the help 

of 3rd party cores, other vendor development boards. 

The source code for the IDE is released under the GNU General Public License, version 

2. The Arduino IDE supports the languages C and C++ using special rules of code structuring 

 

 

Fig. 4.1 ARUDINO IDE 

The Arduino Uno is an open-source microcontroller board based on the 

MicrochipATmega328P microcontroller and developed by Arduino.cc. The board is equipped 

with sets of digital and analog input/output (I/O) pins that may be interfaced to various 

expansion boards (shields) and other circuits. The board has 14 digital I/O pins (six capable of 

https://en.wikipedia.org/wiki/Open-source
https://en.wikipedia.org/wiki/Microcontroller_board
https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Expansion_board
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PWM output), 6 analog I/O pins, and is programmable with the Arduino IDE (Integrated 

Development Environment), via a type B USB cable. It can be powered by the USB cable or 

by an external 9-volt battery, though it accepts voltages between 7 and 20 volts. It is also similar 

to the Arduino Nano and Leonardo. The hardware reference design is distributed under a 

Creative Commons Attribution Share-Alike 2.5 license and is available on the Arduino 

website. Layout and production files for some versions of the hardware are also available.  

The word "uno" means "one" in Italian and was chosen to mark the initial release of 

Arduino Software. The Uno board is the first in a series of USB-based Arduino boards; it and 

version 1.0 of the Arduino IDE were the reference versions of Arduino, which have now 

evolved to newer releases. The ATmega328 on the board comes preprogrammed with a boot 

loader that allows uploading new code to it without the use of an external hardware 

programmer.  

While the Uno communicates using the original STK500 protocol, it differs from all 

preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses the 

Atmega16U2 (Atmega8U2 up to version R2)  

 

Fig. 4.2  Background of ARUDINO IDE 

 

 

https://en.wikipedia.org/wiki/Pulse-width_modulation
https://en.wikipedia.org/wiki/Arduino#Software
https://en.wikipedia.org/wiki/USB_cable
https://en.wikipedia.org/wiki/9-volt_battery
https://en.wikipedia.org/wiki/Arduino_Nano
https://en.wikipedia.org/wiki/Creative_Commons
https://en.wiktionary.org/wiki/uno
https://en.wikipedia.org/wiki/Italian_language
https://en.wikipedia.org/wiki/Arduino_Software
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Bootloader
https://en.wikipedia.org/wiki/Bootloader
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The Arduino project started at the Interaction Design Institute Ivrea (IDII) in Ivrea, 

Italy. At that time, the students used a BASIC Stamp microcontroller, at a cost that was a 

considerable expense for many students. In 2003, Hernando Barragán created the development 

platform Wiring as a Master's thesis project at IDII, under the supervision of Massimo Banzi 

and Casey Reas, who are known for work on the Processing language. The project goal was to 

create simple, low-cost tools for creating digital projects by non-engineers. The Wiring 

platform consisted of a printed circuit board (PCB) with an ATmega168 microcontroller, an 

IDE based on Processing, and library functions to easily program the microcontroller.[8] In 

2003, Massimo Banzi, with David Mellis, another IDII student, and David Cuartielles, added 

support for the cheaper ATmega8 microcontroller to Wiring. But instead of continuing the 

work on Wiring, they forked the project and renamed it Arduino. Early arduino boards used 

the FTDI USB-to-serial driver chip and an ATmega168.[8] The Uno differed from all 

preceding boards by featuring the ATmega328P microcontroller and an ATmega16U2 

(Atmega8U2 up to version R2) programmed as a USB-to-serial converter.  

 

4.1.1 Technical specifications 

Microcontroller: MicrochipATmega328P[7] 

Operating Voltage: 5 Volts 

Input Voltage: 7 to 20 Volts 

Digital I/O Pins: 14 (of which 6 can provide PWM output) 

UART: 1 

I2C: 1 

SPPI: 1 

Analog Input Pins: 6 

DC Current per I/O Pin: 20 mA 

https://en.wikipedia.org/wiki/Interaction_Design_Institute_Ivrea
https://en.wikipedia.org/wiki/Ivrea
https://en.wikipedia.org/wiki/BASIC_Stamp
https://en.wikipedia.org/wiki/Arduino#History
https://en.wikipedia.org/wiki/Wiring_(development_platform)
https://en.wikipedia.org/wiki/Processing_(programming_language)
https://en.wikipedia.org/wiki/Printed_circuit_board
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Arduino_Uno#cite_note-:0-8
https://en.wikipedia.org/wiki/Fork_(software_development)
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/ATmega
https://en.wikipedia.org/wiki/Arduino_Uno#cite_note-:0-8
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Arduino_Uno#cite_note-website-7
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DC Current for 3.3V Pin: 50 mA 

Flash Memory: 32 KB of which 0.5 KB used by bootloader 

SRAM: 2 KB 

EEPROM: 1 KB 

Clock Speed: 16 MHz 

Length: 68.6 mm 

Width: 53.4 mm 

Weight: 25 g 

Pins 

 

Fig. 4.2 Arduino UNO 

 

 

4.1.2 ARDUINO UNO 

General pin functions 

LED: There is a built-in LED driven by digital pin 13. When the pin is high value, the LED is on, 

when the pin is low, it is off. 

https://en.wikipedia.org/wiki/Flash_Memory
https://en.wikipedia.org/wiki/Booting#BOOT-LOADER
https://en.wikipedia.org/wiki/Static_random-access_memory
https://en.wikipedia.org/wiki/EEPROM
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VIN: The input voltage to the Arduino/Genuino board when it is using an external power source 

(as opposed to 5 volts from the USB connection or other regulated power source). You can supply 

voltage through this pin, or, if supplying voltage via the power jack, access it through this pin. 

 

5V: This pin outputs a regulated 5V from the regulator on the board. The board can be supplied 

with power either from the DC power jack (7 - 20V), the USB connector (5V), or the VIN pin of 

the board (7-20V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can 

damage the board. 

 

3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA. 

 

GND: Ground pins. 

 

IOREF: This pin on the Arduino/Genuino board provides the voltage reference with which the 

microcontroller operates. A properly configured shield can read the IOREF pin voltage and select 

the appropriate power source, or enable voltage translators on the outputs to work with the 5V or 

3.3V. 

 

Reset: Typically used to add a reset button to shields that block the one on the board.  

 

Special pin functions 

 

Each of the 14 digital pins and 6 analog pins on the Uno can be used as an input or output, under 

software control (using pinMode(), digitalWrite(), and digitalRead() functions). They operate at 5 

volts. Each pin can provide or receive 20 mA as the recommended operating condition and has an 

internal pull-up resistor (disconnected by default) of 20-50K ohm. A maximum of 40mA must not 

be exceeded on any I/O pin to avoid permanent damage to the microcontroller. The Uno has 6 

analog inputs, labeled A0 through A5; each provides 10 bits of resolution (i.e. 1024 different 

values). By default, they measure from ground to 5 volts, though it is possible to change the upper 

end of the range using the AREF pin and the analogReference() function.  
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In addition, some pins have specialized functions:  

Serial / UART:  

pins 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These 

pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL serial chip. 

 

External interrupts: 

pins 2 and 3. These pins can be configured to trigger an interrupt on a low value, a rising 

or falling edge, or a change in value. 

 

PWM (pulse-width modulation):  

pins 3, 5, 6, 9, 10, and 11. Can provide 8-bit PWM output with the analogWrite() function. 

 

SPI (Serial Peripheral Interface):  

pins 10 (SS), 11 (MOSI), 12 (MISO), and 13 (SCK). These pins support SPI 

communication using the SPI library. 

 

TWI (two-wire interface) / I²C:  

pin SDA (A4) and pin SCL (A5). Support TWI communication using the Wire library. 

 

AREF (analog reference):  

Reference voltage for the analog inputs. 

 

Communication 

The Arduino/Genuino Uno has a number of facilities for communicating with a computer, another 

Arduino/Genuino board, or other microcontrollers. The ATmega328 provides UART TTL (5V) 

serial communication, which is available on digital pins 0 (RX) and 1 (TX). An ATmega16U2 on 

the board channels this serial communication over USB and appears as a virtual com port to 

software on the computer. The 16U2 firmware uses the standard USB COM drivers, and no 

external driver is needed. However, on Windows, a .inf file is required. Arduino Software (IDE) 

includes a serial monitor which allows simple textual data to be sent to and from the board. The 

https://en.wikipedia.org/wiki/UART
https://en.wikipedia.org/wiki/Pulse-width_modulation
https://en.wikipedia.org/wiki/Serial_Peripheral_Interface
https://en.wikipedia.org/wiki/I%C2%B2C
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RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-serial 

chip and USB connection to the computer (but not for serial communication on pins 0 and 1). A 

Software Serial library allows serial communication on any of the Uno's digital pins.  

 

Automatic (software) reset 

Rather than requiring a physical press of the reset button before an upload, the Arduino/Genuino 

Uno board is designed in a way that allows it to be reset by software running on a connected 

computer. One of the hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected 

to the reset line of the ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken 

low), the reset line drops long enough to reset the chip.  

This setup has other implications. When the Uno is connected to a computer running Mac OS X 

or Linux, it resets each time a connection is made to it from software (via USB). For the following 

half-second or so, the bootloader is running on the Uno. While it is programmed to ignore 

malformed data (i.e. anything besides an upload of new code), it will intercept the first few bytes 

of data sent to the board after a connection is opened.  
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CHAPTER 5 

 

RESULTS AND DISCUSSION 

 

5.1 METALLIC WASTE SEPARATION 

Table 5.1 Result of Metallic waste separation 

Sl. No Types of Metallic 

Waste 

Discarded Not discarded 

1. Safety pins Yes  

2. Paper clips Yes  

 

Sl.No Types of  Dry Waste Discarded Not discarded 

3. Printed Coke cans Yes   

4. Batteries Yes  

5. Nails Yes  

6. Tinned food cans Yes  

 

 

 

Table 5.2 Table of acceptance and rejection of metallic waste 

 

Sl.No 
Types of 

metallic Waste 

True 

Acceptance 

True 

rejection 

False 

Acceptanc

e 

False 

Rejection 

1. Safety pins 90%   10% 

2. Paper clips 90%   10% 
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3. Printed Coke cans 100%    

4. Batteries 100%    

5. Nails 95%   5% 

6. Tinned food cans 95%   5% 

 

5.2 DRY WASTE 

 

The blower will blow all the dry waste that is discarded. As it is blown off, a simple 

collecting chamber is built just opposite the blower. The waste hits the chamber and falls down 

into the dry waste bin. 

Table 5.3 Result of Dry waste separation 

1. Papers Yes  

2. Tissue rolls Yes  

3. Bottles Yes  

4. Heavy cartons  No 

5. Milk covers Yes  

6. Tetra packs Yes  

7. Dried leaves Yes  

8. Stationeries Yes  

9. Textiles Yes  
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Table 5.4 Table of acceptance and rejection of dry waste 

 

Sl.no 
Blower 

Section 
True Acceptance True Rejection False Acceptance False Rejection 

1 Paper 90%   10% 

2 Plastic 95%   5% 

3 
Peels of 

veggies 
  100%  

4 Wet Waste  100%   

5 
Dry Garden 

Waste 
100%    

6 Carton boxes 15%   85% 

7 
Broken glass 

pieces 
   100% 

 

As seen from the table, small and light weight vegetable peels may be falsely accepted. 

However this will not deter the processing of dry waste in any manner. Also, huge shards of 

glass pieces may be falsely rejected. Overall, the system can efficiently sort dry waste. 

 

 5.3 WET WASTE 

 

Wet waste is successfully segregated from the other types of waste in this system. They 

do not get blown off by the blower. Hence as the belt continues to rotate forward, the waste 

fall at the end into the wet waste bin 

Table 5.5 Result of Wet waste separation 

 

Sl.No Types of Wet Waste Discarded 
Not 

discarded 

1. Kitchen Waste Yes  
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2. 
Rotten fruits and  

vegetables 
Yes  

3. Garden Waste Yes  

4. Leftover food Yes  

5. 
 Peels of fruits and  

vegetables 
Yes  

6.  Tea bags Yes  

 
Table 4.6 Table of acceptance and rejection of wet waste   

 

Sl.no Blower Section True Acceptance True Rejection False Acceptance False  

Rejection 

1 
Kitchen Waste 100%    

2 Rotten fruits 

and veggies 
100%    

3 
Peels of veggies    100% 

4 
Dry Waste  100%   

5 Wet Garden 

Waste 
100%    

6 
Tea bags 95%   5% 
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CHAPTER 6 

 

CONCLUSION AND FUTURE SCOPE 

 

6.1 CONCLUSION 

Automated Waste Segregator has been successfully implemented for the segregation of 

waste into metallic, dry and wet waste at a domestic level. However, it cannot segregate 

ceramic into dry waste because of its higher relative dielectric constant as compared to other 

dry wastes. Noise can be eliminated in the sensing module to increase accuracy and overall 

efficiency. This system has its own limitations. It can segregate only one type of waste at a 

time with an assigned priority for metal, wet and dry waste. Thus, improvements can be made 

to segregate mixed type of waste by the use of buffer spaces. Since, the time for sensing metal 

objects is low the entire sensing module can be placed along a single platform where the object 

is stable to ensure better results. 

 

6.2 SCOPE FOR FUTURE WORK 

 

⮚ Inlet section can be incorporated with a crusher mechanism to reduce the size of 

the incoming waste. 

⮚ Inlet section can also be integrated with a blower mechanism to dehumidify the 

waste input in the system. 

⮚ Provisions can be made for on spot decomposition of wet waste. 

⮚ GSM contraption to intimate to the nearest industry to use the metals collected. 

⮚ Plastics can be segregated from the collected dry waste and also be processed 

based on their types, grades and colors. Thus further separation of dry waste can 

also be done. 
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ABSTRACT 

The project focuses on Design, Fabrication and Testing of a VAWT (vertical Axis Wind 

Turbine) with Wind deflectors. The project is an ongoing research project and the phase we 

carried out was concerned in shifting the design from Darrieus type to Savonius type, which 
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created the necessity of freshly designing all the parts, increasing the torque and rpm of the 

VAWT by implementing a deflector/guide vane system, make the whole structure portable 

meanwhile maintaining the project within a very low cost range. The said objectives can be 

achieved by manipulating the knowledge of Design of Machine element, fluid dynamics, Energy 

Technology and CFD analyzing. 

A major concern was fashioning the design to enable the VAWT to operate with a 

maximum efficiency. Several parameters were analyzed with respect to wind speed to determine 

the best value for each parameter which would give the highest efficiency, thus ensuring the 

maximum ultimate performance of the VAWT. The parameters that were considered for 

analyzing are the number of blades the rotor should have, positioning of the blade (i.e. the 

distance from the shaft to blade and the angle the blade creates with the shaft), the shape of the 

deflector, and the angle of the deflector so as to generate the highest efficiency. Above 

parameters were analyzed using ANSYS/Fluent software package and the ultimate design was 

produced in accordance with the obtained results. The final design came out with four rotor 

blades, one rudder and two wind deflectors. Four rotor blades proved to be the optimum design 

for typical wind speeds available island wide. The rudder would adjust the whole wind vane unit 

so that the deflectors would face the wind. The two deflectors would capture more wind, 

converge and direct the wind into the rotor. Results of every analysis are appended in this report. 

The final design was virtually created in 1:1 scale in Solid Works environment and tested 

for its strength and durability. 

The fabrication of the VAWT was carried out under few stages, namely the fabrication 

of rotor blades, fabrication of main shaft with bearings and rotor blade support frames, 

fabrication of support structure, fabrication of wind vane unit, painting and assembling the 

structure. 

As the final step, the VAWT was tested for its performance practically with and without 

the wind vane unit, and the results were recorded and then analyzed. The comparison between 

the two displayed a significant increase in the energy extraction ability of the VAWT from the 

wind. 
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Several possible improvements for the design that could be implemented to further 

increase the efficiency were identified during the practical testing of VAWT and are elaborated 

further in the report. 

The targets laid ahead of us at the beginning of the project were successfully achieved 

through careful and wise manipulation of theoretical and practical knowledge as well as hands 

on experience. Objectives were accomplished, not with ease but certainly 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION TO THE PROJECT 

Design, fabrication and testing of a Vertical Axis Wind Turbine (VAWT) with wind 

deflectors will be the ongoing final year undergraduate project of us. Here, main purpose will 

be enhancing the performance of the VAWT by designing guide vanes and fabricating with a 

low cost and get more shaft torque and rpm. And also, it is supposed to be a portable wind 

turbine. 

1.2 IMPORTANCE OF THE PROJECT 

Energy is a hot topic in the news today: increased consumption, increased cost, depleted 

natural resources, our dependence on foreign sources, and the impact on the environment and 

the danger of global warming. Something has to change. 

Wind energy has great potential to lessen our dependence on traditional resources like 

oil, gas and coal and to do it without as much damage to the environment. Alternative energy 

sources, also called renewable resources, deliver power with minimal impact on the 

environment. These sources are typically more green/clean than traditional methods such as oil 

or coal. In addition, alternative resources are inexhaustible. 

These benefits, as well as data that suggest the drop-off of conventional oil drilling will 

overtake the output of new drilling by 2014, make renewable energy a viable source to pursue. 

1.2.1 Wind Energy 

According to the U.S. Department of Energy, wind has been the fastest growing source 

of electricity generation in the world through the 1990s. 

With largely untapped wind energy resources throughout the country and declining 

wind energy costs, Sri Lanka is now moving forward into the 21st century with an aggressive 
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initiative to accelerate the progress of wind technology and further reduce its costs, to create 

new jobs, and to improve environmental quality. 

Advantages of wind energy: 

➢ Wind is free. 

➢ No fossil fuels are used to generate electricity. 

➢ Newer technologies make energy production much more efficient. 

Wind turbines take up less space than the average power station (a few square feet for 

the base). The turbines can be placed in remote locations, such as offshore, mountains and 

deserts. 

When combined with other alternative energy sources, wind can provide a reliable 

supply of electricity.  

So, we are planning to fabricate low cost Vertical Axis Wind Turbine with Wind 

deflectors. 

Mainly this project includes following sub processes 

➢ Designing of Vertical Axis Wind Turbine 

➢ Designing Wind deflectors 

➢ Flow and efficiency analyzing 

➢ Fabricating of this wind turbine and wind deflectors 

➢ Testing the shaft torque and rpm. 

➢ Analyzing bending moment, stresses of the completed structure 

By doing this project we expected to achieve certain primary objectives as well as 

secondary objectives which are related to power generation in Sri Lanka. So the aim of the 
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project is to optimize the efficiency of the wind turbine and create a wind turbine which can 

perform in any area. 

Finally we hope this will be a good opportunity to apply the knowledge we gain from 

the degree program with a real application. Because it covers various fields in the mechanical 

engineering and it will be a huge challenge to meet the customer requirements as well 

 

 

 

 

 

 

CHAPTER-2 

LITERATURE REVIEW 
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 Wind turbines operate on a simple principle. The energy in the wind turns two or three 

propeller-like blades around a rotor. The rotor is connected to the main shaft, which spins a 

generator to create electricity. A wind turbine used for charging batteries may be referred to as 

a wind charger. 

The result of over a millennium of windmill development and modern engineering, 

today's wind turbines are manufactured in a wide range of vertical and horizontal axis types. The 

smallest turbines are used for applications such as battery charging for auxiliary power for boats 

or caravans or to power traffic warning signs. Slightly larger turbines can be used for making 

small contributions to a domestic power supply while selling unused power back to the utility 

supplier via the electrical grid. Arrays of large turbines,  known  as wind   farms,   are  becoming  

an   increasingly  important   source of renewable energy and are used by many countries as part 

of a strategy to reduce their reliance on fossil fuels. 

So how do wind turbines make electricity? Simply stated, a wind turbine works the 

opposite of a fan. Instead of using electricity to make wind, like a fan, wind turbines use wind to 

make electricity. The wind turns the blades, which spin a shaft, which connects to a generator 

and makes electricity. 

Wind turbines are classified in to two groups. They are Vertical Axis Wind Turbine 

(VAWT) and Horizontal Axis Wind Turbine (HAWT). 

 

2.1 HORIZONTAL-AXIS WIND TURBINES (HAWT) 

Horizontal-axis wind turbines (HAWT) have the main rotor shaft and electrical generator 

at the top of a tower, and must be pointed into the wind. Small turbines are pointed by a simple 

wind vane, while large turbines generally use a wind sensor coupled with a servo motor. Most 

have a gearbox, which turns the slow rotation of the blades into a quicker rotation that is more 

suitable to drive an electrical generator. 

Since a tower produces turbulence behind it, the turbine is usually positioned upwind of 

its supporting tower. Turbine blades are made stiff to prevent the blades from being pushed into 

the tower by high winds. Additionally, the blades are placed a considerable distance in front of 

the tower and are sometimes tilted forward into the wind a small amount. 
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The rotor, torque and speed characteristics can be controlled and optimized in modern 

HAWTs by changing pitch angle of rotor blades. It can be done by using mechanical or electronic 

blade pitch control system. This technique improves the performances of wind turbine while 

protecting turbine against extreme wind conditions and over speed. 

 
 

Fig. 2.1 shows the configuration of HAWT. 

 

2.2 VERTICAL-AXIS WIND TURBINES (VAWT) 

Vertical-axis wind turbines (or VAWTs) have the main rotor shaft arranged vertically. 

One advantage of this arrangement is that the turbine does not need to be pointed into the wind 

to be effective, which is an advantage on a site where the wind direction is highly variable, for 

example when the turbine is integrated into a building. Also, the generator and gearbox can 

be placed near the ground, using a direct drive from the rotor assembly to the ground-based 

gearbox, improving accessibility for maintenance. 
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VAWTs offer a number of  advantages  over  traditional horizontal-axis  wind 

turbines (HAWTs). They can be packed closer together in wind farms, allowing more in a given 

space. They are quiet, Omni-directional, and they produce lower forces on the support structure. 

They do not require as much wind to generate power, thus allowing them to be closer to the 

ground where wind speed is lower. By being closer to the ground they are easily maintained and 

can be installed on chimneys and similar tall structures. 

 

 

 

Figure 2-2 Vertical Axis Wind Turbine 

 

The most popular types of VAWT are: Darrieus Wind Turbine and Savonius Wind 

Turbine. 

 

 

 

 
2.2.1 Darrieus Wind Turbine 

 
Darrieus Wind Turbine are commonly known as an “Eggbeater” turbine. It was invented 

by Georges Darrieus in 1931. A Darrieus is a high speed, low torque machine suitable for 

generating alternating current (AC) electricity. Darrieus generally require manual push therefore 
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some external power source to start turning as the starting torque is very low. Darrieus has two 

vertically oriented blades revolving around a vertical shaft. 

2.2.2 Savonius Wind Turbine 

 

Savonius vertical-axis wind turbine is a slow rotating, high torque machine with two or 

more scoops and are used in high-reliability low-efficiency power turbines. Most wind turbines 

use lift generated by airfoil-shaped blades to drive a rotor, the Savonius uses drag and therefore 

cannot rotate faster than the approaching wind speed. 

So, our task is to be increase the efficiency of the Savonius Vertical axis wind tubine with 

wind deflectors. 

 

 
 

Figure 2-3 Horizontal Axis Wind Turbine Vs Vertical Axis Wind Turbine 

 

 
2.3 PREVIOUS RESEARCHES DONE 

 
Lot of researches has done for increasing efficiency of the Vertical Axis Wind Turbine. 

They have developed basic wind turbines, and discover significant parameters that directly 
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involve to changing performances of turbines. Some of them are blade solidity, lift force, drag 

force and angle of attack. And also they introduce system integration with a wind deflector. 

The starting torque and power coefficients characteristics of Horizontal axis wind 

turbines (HAWT) are higher than the vertical axis wind turbines (VAWT). Because of this reason 

commercial wind power market fills with HAWT. Anyhow, small vertical axis wind turbines are 

more appropriate to urban environments because the reduced risk associated with their slower 

rate of rotation and the lower noise pollution compare to their horizontal axis Wind turbine. 

In research, a deflector system which can guide the wind towards the vertical axis wind 

turbine blades has been introduced to increase the power coefficient, and tested with CFD. 

They designed vertical axis wind turbine along with a wind deflector system and 

simulations were done with computational fluid dynamics (CFD) software which may be more 

reliable than the analytical or semi – empirical models adopted with simplifying assumptions. 

Then the starting performances and the power performances were analyzed. 

They took following results for the coefficient of performance (Cp) and tip speed ratio 

(λ) regarding performances in simulations 

 

Figure 2-4 Power coefficient variation of the turbine 
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Furthermore, So many researchers have done with considering blade profile. The modern 

VAWTs occupied blades that developed by NACA which has ability to self-start. However, 

researchers are involved to modify common VAWT and increase its efficiency. 

2.4 HISTORY OF RENEWABLE ENERGY 
 

It was once natural energy, then fossil fuel energy, then back to the natural or renewable 

energy. In other words, before it was a history of renewable energy, there were the natural 

sources of energy: wind, water and animals. These forms of powers had propelled several 

activities in  ancient civilizations before 2000 BC  including the Mesopotamian, Ancient 

Egyptians and ancient Chinese civilizations (Renewable Energy World, 2014) [1]. This is 

because energy has always been the want and need of people since long time ago. Because of 

this and through time, people went on developing and making use of the natural or renewable 

sources of power like the windmills, vapor turbine, and until they reached to fusel fossil oil. 

Then, about forty years ago and after technology advanced enough in several areas, researchers 

have reached to and kept developing solar energy from the sun as the cheapest and effective one. 

It is a fact that the energy which the sun supplies to the earth every day is much greater than any 

other energy used. The cost of the solar energy after researches advanced in this direction, can 

be cut by use of the photovoltaic’s (PV) that uses common metals and this way solar energy will 

compete with fossil fuel energy generation. 

 

Fossil fuel which is coal, petroleum and natural gas started to replace natural sources of 

powers: wind, water and animals mid the 19th century (AWEA, 2013) [2]. Coal was the first 

fossil fuel to be exploited and it was in China back 3490 BC until the Japanese governments in  

1868-1912  realized  the  use  of  coal  in  propelling  industrialization,  encouraged  the 

development of coal mines. While oil was discovered first by Edwin Drake 1859 who drilled the 

first oil well in Pennsylvania, USA to mark the history of oil. Along with the discovery of oil, 

natural gas came to be used as a component of oil stock. 

People used wind, water and animals as propeller several activities including sailing 

dhows, as watering mills in irrigation, farming works and for transporting loads. For more than 

two millennia 2000 years, wind-powered machines have ground grain and pumped water in 

fields (AWEA, 2013)[2]. Wind power was widely and always available and not confined to the 
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banks of fast-flowing streams like water, or later, requiring sources of fuel. Wind- powered 

pumps that time drained the polders of the Holland, and in arid regions such as the American 

coasts and mid-west or the Australian coats, as well as wind pumps provided water for livestock 

and steam engines. 

 

Wind turbine 

Wind turbine then followed to make use of the wind power and its ability to make 

employing the air flows that occur naturally in the earth’s atmosphere (Renewable Energy 

World, 2014)[1]. Wind turbines were set on as windmills first whose blades capture this kinetic 

energy from the wind and turn it into mechanical energy, spinning shafts that moved the lever of 

pocket. Windmills had only a main drawback which was the seasonality of the wind. 

James Blyth began a research program on the use of wind power for electricity generation 

and storage in the garden of his holiday cottage in Scotland. The wind turbine is created by Blyth 

was 10-meter high, cloth-sailed wind turbine and he used to charge accumulators developed by 

the Frenchman Camille Alphonse. Blyth's wind turbine design was 10-meter in diameter and 

stored the electricity generated in 'accumulators' batteries. 

 

Blyth used the generated power to light his cottage, and even offered the surplus 

electricity to the people of the village for lighting the village’s main street. Surprisingly, his 

village people turned down the offer as they thought electricity was ‘the work of the devil’. Blyth 

later was able to install a larger wind turbine, which was much-improved version of his first at 

the Infirmary and Dispensary, where it ran successfully for 30 years.  
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Figure 2.5 Blyth's wind turbine 

Considering sources of renewable energy was prompted by the depleting reserve of fossil 

fuel, environmental issues resulted from it, economic motives and also advance in technology in 

several fields (Renewable Energy World, 2014). These factors combined to lead to the steady 

improvement and optimization of electricity generation wind turbine over time as shown table 

2.1 below: 

 

` 

 

 

Table 2.1 Time line of wind turbine history 

Jul 18, 

1887 

First electricity producing windmill built in Scotland by the Scottish Professor 

James Blyth in Glasgow, Scotland. 

Jan 1, 

1891 

A new style of wind turbine by the Danish inventor Poul La Cour who 

incorporate modern aerodynamic design principles, with capacity of 25 

kilowatts 
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Dec 31, 

1900 

Turbines produce 30 megawatts by Dutch that had 2500 turbines that are 

estimated to have produced, at their peak, 30 megawatts. 

Jan 1, 

1920 

The first vertical-axis rotor invented by Frenchman George Darrieus. 

Aug 18, 

1941 

Interest in wind energy decreases after WW2 as a result of cheaper fossil fuels 

as a result of the fall in fossil fuel prices after World War II 

Aug 18, 

1960 

World first mega-watt turbine built in Vermont USA built to the power grid in 

Castleton, Vermont USA. 

Oct 18, 

1973 

Advanced horizontal axis turbine designs technology in places such as 

Germany, consisting of fiberglass and plastic blades with variable pitch blades 

thus increasing efficiency. 

Aug 18, 

1980 

The oil crisis creates a new interest in large wind turbines and government- 

sponsored renewable energy research programs start in Germany, Sweden, 

Canada, Great Britain and the US. 

 

More literature on wind turbine is given by Alsayed (2014). The turbine is a machine 

which converts rotational energy into usable work or usable energy according to Alsayed as 

the change is initiated through mechanical gearing or because of electromagnetic induction, 

which results in electricity. As a term, there are different terms for different types of turbines 

including: steam turbines, gas turbines, water turbines and wind turbines; a source of energy is 

that is becoming more widely used. Wind turbines as the topic of discussion are powered by 

movement of air that propels the blades or rotors of the turbine, which are generally referred 

to as airfoils. They are designed to react with wind and capture rotational power that is 

converted to energy. The shape of the blade has a great effect as it causes pressure to be uneven, 

higher on one side than on the other, making the blade spin 
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CHAPTER 3 
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METHODOLOGY 

In this project, the wind deflectors are very important for achieving the goals of our 

project as well as for increasing the performance of the wind turbine. Designed system can be 

divided to the several design parts because we expect to design the system step by step. 

➢ Design of the  guide vanes 

We used Fluent software to analyze flow patterns and get most efficient angular 

positions. We are planning to rip the barrel for 3 parts to make 4 guide vanes. 

➢ Design of the wind deflectors 

Wind deflectors play major role of this system. Because of that Vertical Axis Wind 

Turbine has low efficiency than Horizontal Axis Wind Turbine. So, our task is to be improving 

the performance of the VAWT. We used CFD to analyze flow patterns. 

➢ Design of the Tripod 

We used Solid works software to design of this tripod. Tripod is one of the main part 

of this turbine. It should bear complete structure. So, it is need to be withstanding for variable 

torque and stresses of the system. 

3.1 FABRICATION 

After designing we were thinking about the fabrication of the wind turbine which will 

take more time from the time plan. In fabrication steps material was selected & doing welding, 

fixing, fasting, bending of sheet metals etc…The fabrications were done within the resources 

of the Mechanical department workshop. In addition if there is any process can’t be achieved 

in the workshop they would be outsourced. 

 

 

3.2 PERFORMANCE TESTING 
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Its performance can be checked by using wind tunnel and also in the site after the 

fabrications. In this section we are planning to measure shaft torque, rpm…etc. By using that 

we calculate shaft power. 

Improvement 

After doing the performing testing, we are planning to do some improvements if it is 

possible. We will continue these improvements so that meet necessary condition. Because 

increasing the performance of the vertical axis wind turbine is the main goal of the project. 

Performance analysis 

➢ At finally the performance will be analyzed to show the achievement of the 

project. 

➢ We have shown that performance after the improvement of Vertical Axis Wind 

Turbine has been increased than existing one. Performance analysis has to be 

done using fluent software and calculating output power. 

➢ Solid works model of the completed design structure are shown in the bellow 

figures. 

 

3.3 FABRICATION OF WIND TURBINE 

We planned to fabricate wind turbine as part by part. Fabrication procedures are 

mentioned in below. 

➢ Fabrication of blades 

➢ Fabrication of rotating part 

➢ Fabrication of support 

➢ Assemble rotating part & support 

➢ Fabrication deflectors 

➢ Assemble deflectors to wind turbine 
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Fabrication of Blades 

We used empty barrel for fabricate wing blades. We had to make its original shapes.  

 

So, we used cutting machine for cut the barrel & after used rolling machine to make its 

original curve shape. We rip the barrel for 3 parts. That one part was our one blade. So, we rip 

2 barrel for make 4 blades. Top of the barrel used to keep blade support. 

Fabrication of rotating part 

After making the turbine blades, we assembled those blades to the main shaft 

according to the analyzed position. And also we had to mount bearings to the main shaft. We 

used 2 ball bearings & 2 thrust bearings. 

Fabrication of rotating part 

After making the turbine blades, we assembled those blades to the main shaft according 

to the analyzed position. And also we had to mount bearings to the main shaft. We used 2 ball 

bearings & 2 thrust bearings 

 

 

Fabrication of the support 

After fabrication of the rotating part ,we fabricated support of the wind turbine. It has 3 

legs. We fabricated that support so that stress distribution is very low. 

Assemble rotating part & support 

After fabrication of the rotating part & support we had to assemble all of these things.  

 

Fabrication of deflectors 
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The exact deflector angular positions, deflector angles, deflector types and the gap 

between the deflectors and the turbine blades were obtained by the CFD simulations. So then 

the deflectors had to be designed according to the obtained parameters. So mainly the solid 

works was used and the main concerns of the design were high strength, less weight, low cost 

and easiness of assembly. 

 

 

Design process of the deflectors 

Each deflector was fabricated, which had 90cm height and 50cm width. Low weight and 

ability to assemble and disassemble easily and ability to withstand at average wind without 

deforming were selected as critical design parameters. It was very important to make proper design 

before the start of the fabrication process. It helps to avoid material wastage and product failures 

that can be occur at the testing. 

The rough sketch of deflector was drawn by considering above mentioned design factors. 

There after it was modeled by using solid works design software. 
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Figure 3.2 Solid works design of deflector 

 

By using material, it can be calculate total mass of deflector and mass center of deflector. 

It was very important to know when considering balance of deflector. The center of mass should 

be maintained at lower level for the better stability of deflector. 
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Figure 3.3 Forces acting on deflector system 

It can be simulated at solid works interface by supplying actual parameters and calculate 

stress, strain and deflection of deflector at the supply wind force. By running that simulation 

process, it can be make sure the deflector does not fail at that condition and what are the 

critical areas that have maximum stress concentration. 

 

 

 

Figure 3.4 Solid work simulation of deflector for deformation 
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According to simulation data that was given by solid works, the deflector design was ok 

for the average wind forces. Deflector mounting parts also should be checked for deflector weight 

and induced torque by deflector due to wind force. 

 

 

 

Figure 3.5 Deflector connecting box Stress simulation 

Deflector was designed by using solid works and it has been done several simulations to 

check stress stain and fatigue failures when wing load applied. Deflector will be well mounted to 

the wind turbine through only its bottom side. So it is very important to run several simulations 

and get details about the deflector strength over wind power. It has to be fabricated with ability to 

face high unexpected wind load for the safety of both wind turbine and people who deal with it. 

Fabrication process of the deflectors 

Here the thinnest and lightest flat iron was used for the deflectors for the light weight. In 

addition its strength was well within the limits which can withstand a considerable amount of wind 

speed and pressure. The preferred shape of the deflector with the relevant curvature has been 

obtained by bending the flat iron. After the structure was fabricated it was drilled for the mounting 

of the metal sheet which would provide the smooth surface of the deflector. Here also it was 

carefully examined and tested to have the minimum number of holes for each deflector structure 
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as it could weakened the strength of the structure. All the fabrication works were carried out inside 

the department workshop 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 TORQUE MEASURING MECHANISM 

The pulley was connected to the rotating shaft. So the belt was wrapped around the pulley 

and then it was connected to 2 spring balances in its both ends. Those two spring balances have 

been connected to the L angle which was running through the thread bar. With the bolts at the both 

ends of the L angle it can be steadily placed while the readings are being taken. The L angle can 

be moved along the tread bar with different loads. The thread bar also has been mounted to one of 

the legs of the turbine structure as it can to be removed easily with two nuts. With this mechanism 

the torque values can be measured easily. 

 

 

Figure 7-3 Torque measuring mechanism 
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Power in the wind 

Another point to consider during the design and evaluation of any wind turbine is how to 

calculate the wind power in the blades. But the available wind power is different from the usable 

wind power. First the expression is shown in Equation 7.1 which is to calculate the available 

wind power: 

P= 0.5ρ A U
3 

 

 
P = Wind power in watts 

 

A = area perpendicular to the wind direction formed by the rotor in m
2  

U = wind speed in m/s 

The expression to calculate the usable wind power is shown in  

 

P= 0.5ρ A U
3 

Cp           

In this expression Cp is the power coefficient that depends on the type of machine and for each 

variable in turn to the relationship between the peripheral speed of the blades and wind speed. 

Power coefficient 

The power output of a wind turbine rotor changes with the rpm, so the rotor performance is 

normally presented in power coefficient vs. tip to wind speed ratio graph 

The power coefficient is defined in equation: 
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Where, P = rotor power 

 
The tip to wind speed ratio, or tip speed ratio, or TSR is defined in equation 

 

w = Rotor RPM 

 

R= Max rotor radius  

U= Wind speed 

4.2 TESTING RESULTS WITHOUT DEFLECTORS 

As the climate was not much supportive to the testing, the process had to be performed 

in two days. The testing data and the distribution of the parameters that have been obtained 

are shown below 

Table No.4.1: Data obtained by the turbine test without deflectors 

Air 
vel/ 

ms-1 

T1 / 
N 

T2/ 
N 

T1 – T2 

/ N 
N(rpm) 

ω 

/rads
-1

 

Rotor 

power/ 

P=( T1 – 

T2)r ω 

Cp λ 

1.2 98.1 39.24 58.86 10.7 1.12 4.94 4.32 0.07 

1.6 117.72 98.1 19.62 16.1 1.68 2.47 0.91 0.08 

2.5 176.58 39.24 137.34 20.2 2.12 21.83 2.11 0.063 

2.6 137.34 78.48 58.86 23.1 2.42 10.68 0.92 0.069 

2.7 196.2 78.48 117.72 29 3.04 26.84 2.06 0.084 

2.8 215.82 78.48 137.34 31.9 3.34 34.40 2.36 0.089 

3.3 137.34 58.86 78.48 31.9 3.34 19.65 0.82 0.076 

3.5 117.72 39.24 78.48 29.5 3.09 18.18 0.64 0.066 

3.6 176.58 98.1 78.48 25 2.62 15.42 0.49 0.054 
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3.7 117.72 49.05 68.67 35.9 3.76 19.36 0.57 0.076 

3.8 176.58 58.86 117.72 37.8 3.96 34.96 0.96 0.078 

3.9 215.82 117.72 98.1 62 6.49 47.75 1.21 0.124 

4.0 196.2 39.24 156.96 38.7 4.05 47.67 1.12 0.075 

4.2 215.82 78.48 137.34 35 3.66 37.69 0.76 0.065 

4.3 196.2 58.86 137.34 35.1 3.67 37.80 0.71 0.064 

4.4 137.34 49.05 88.29 54.2 5.67 37.54 0.66 0.096 

5.0 274.68 88.29 186.39 52 5.46 76.33 0.92 0.082 

6.7 255.06 78.48 176.58 64.7 6.78 89.79 0.45 0.075 

Turbine test with deflectors 

After the deflectors have been fabricated the next step was to test the turbine 

performances with the deflector system. So the fabricated deflectors were positioned as to the 

simulated results and the turbine test was carried out same as the first turbine test which was 

done without the deflectors. 



26 

 

Here also in the testing Anemometer was used for wind speed measuring and the 

tachometer was used for rpm measuring. Here the exact mechanism that used for torque 

measuring in the first turbine test was used.  

4.3 TESTING RESULTS WITH DEFLECTORS 

Here in this testing also, the wind speed was very much varied. Most of the times it was 

below 3 m/s. But the odd reading that was given more than 6-7 m/s was also recorded and the 

turbine also well responded that wind potential by giving far more better torque values. Here 

the test result is tabulated and the Cp variation according to the TSR is given. 
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Table No.4.2: Data obtained by the turbine test with deflectors 

Air 

vel/ 

ms-1 

T1 

/ N 

T2

/ 

N 

T1 – T2 

/ N 
N(rpm) 

ω 

/rads
-
 

1 

Rotor 

power/ 

P=( T1 

– 

T2)r ω 

Cp λ 

1.1 117.72 39.24 78.48 15.3 1.60 9.42 10.69 0.110 

1.4 127.53 68.67 58.86 18.2 1.91 8.43 4.64 0.102 

2.5 156.96 68.67 88.29 25.2 2.64 17.48 1.69 0.079 

2.6 166.77 78.48 88.29 28.3 2.96 19.60 1.68 0.085 

2.7 215.82 78.48 137.34 33.5 3.51 36.15 2.77 0.097 

2.8 215.82 78.48 137.34 30.5 3.19 32.86 2.26 0.085 

3.3 147.15 58.86 88.29 32.7 3.42 22.64 0.95 0.077 

3.4 127.53 39.24 88.29 30.8 3.23 21.39 0.82 0.071 

3.6 186.39 88.29 98.1 32 3.35 24.64 0.79 0.069 

3.8 137.34 49.05 88.29 35.8 3.74 24.76 0.68 0.074 

3.9 245.25 117.72 127.53 65 6.81 65.14 1.66 0.130 

4.0 225.63 49.05 176.58 41.5 4.34 57.47 1.35 0.081 

4.1 235.44 68.67 166.77 38.9 4.07 50.91 1.11 0.075 

4.3 215.82 68.67 147.15 37.2 3.89 42.93 0.81 0.068 

4.5 176.58 49.05 127.53 57.6 6.03 57.67 0.95 0.101 

4.9 264.87 88.29 176.58 58 6.07 80.38 1.03 0.093 

6.3 284.49 107.91 176.58 77.5 8.11 107.40 0.65 0.096 
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4.4 PERFORMANCE EVALUATION 

The turbine has responded the wind speed in a reasonable way. With a wind speed of 

6.7 m/s, it has produced around 90W without deflectors. And also with a wind speed of 6.3 

m/s, it has produced around 107W with deflectors. It is a good improvement of the power value 

according to the performances of this Vertical axis wind turbine. The highest power values that 

generated by the turbine during the test is tabulate below. 

Table No.4.3: Power generated by the turbine without deflector 

Air velocity / ms
-1

 N(rpm) Rotor power/ W 

1.2 10.7 4.94 

1.6 16.1 2.47 

2.5 20.2 21.83 

2.6 23.1 10.68 

2.7 29 26.84 

2.8 31.9 34.40 

3.3 31.9 19.65 

3.5 29.5 18.18 

3.6 25 15.42 

3.7 35.9 19.36 

3.8 37.8 34.96 

3.9 62 47.75 

4.0 38.7 47.67 

4.2 35 37.69 

4.3 35.1 37.80 

4.4 54.2 37.54 
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5.0 52 76.33 

6.7 64.7 89.79 

Table No.4.4: Power generated by the turbine with deflector 

 

Air velocity/ ms
-1

 N(rpm) Rotor power/ W 

1.1 15.3 9.42 

1.4 18.2 8.43 

2.5 25.2 17.48 

2.6 28.3 19.60 

2.7 33.5 36.15 

2.8 30.5 32.86 

3.3 32.7 22.64 

3.4 30.8 21.39 

3.6 32 24.64 

3.8 35.8 24.76 

3.9 65 65.14 

4.0 41.5 57.47 

4.1 38.9 50.91 

4.3 37.2 42.93 

4.5 57.6 57.67 

4.9 58 80.38 

6.3 77.5 107.40 
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CHAPTER 5 

 

ADVANTAGES, DISADVANTAGES AND APPLICATIONS 

 

5.1 ADVANTAGES 

➢ They can produce electricity in any wind direction 

➢ Strong supporting tower in not needed because generator, gearbox and other 

components are placed on the ground 

➢ Low production cost as compared to horizontal axis wind turbine 

➢ As there is no need of pointing turbine in wind direction to be efficient so yaw 

drive and pitch mechanism is not needed 

➢ Easy installation as compared to other wind turbine 

➢ Easy to transport from one place to other 

➢ Low maintenance cost 

➢ They can be install in urban area 

➢ Low risk for human and birds because blades moves at relatively low speed 

➢ They are particularly suitable for areas with extreme weather conditions, like in 

the mountains where they can supply electricity to mountain huts. 

 

 

 

 

 



31 

 

 

 

 

5.2 DISADVANTAGES 

➢ As only one blade of wind turbine work at a time so efficiency is very low 

➢ They need a initial push to start, this action use few of its own produce 

electricity 

➢ When compared to horizontal axis wind turbine they are very less efficient with 

respect to  them. this is because they have an additional drag when their blades 

rotates. 

➢ They have relative high vibration because the air flow near the ground creates 

turbulent flow 

 

5.3 APPLICATIONS 

The turbine will serve various different applications to ensure that it gives the 

best possible results. These applications are as follows. 

➢ Powering streetlights. 

➢ Charging stations in walking areas. 

➢ Used as a secondary source of power in houses. 

➢ Can replace solar panels in areas where dust is common. 
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CHAPTER 6 

 

CONCLUSION AND FUTURE SCOPE 

 

6.1 CONCLUSION 

In the fabrication process lot of knowledge has been grabbed about the practical aspects 

and how to do certain things in workshop. We were given money for the project. That was very 

helpful to achieve our primary goal. 

In the testing, weather was not much helpful. Sometimes very powerful winds blew 

around even 10 m/s at once. Sometimes it was barely around 1-2m/s. Sometimes the rain also 

came to the party and it made all the things wet in few seconds. But at the end all those things 

were belong to the learning curve and the lessons they have taught were the most valuable and 

important things to the future. Sometimes the courage that was improved during the simulation 

period helped when the fabrication and testing were going on. So all along they all were good 

lessons. 

 

6.2 SCOPE FOR FUTURE WORK 

Certain recommendations are to be made after the completion of the project in order to 

receive better results, and more effective outcomes. The first recommendation is to buy from 

manufacturers around the country rather than from foreign countries. 

The material used could have also dramatically changed the outcome of the project. 

Certain materials such  as  fiber glass  were difficult to come  by,  finding these different 

materials would have made designing the project more realistic, and more resembling of an 

actual turbine that could be used within an urban environment. The fiber glass option would 

be more effective for our design. Also the design could make use of thinner blades to reduce 

the weight as the profile could handle the wind load with significant safety factor. 
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Moreover, we found out that the breaking mechanism needs more machining as it slows 

down the rotation of the turbine without application. 
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ABSTRACT 

The goal of this thesis was to develop a laboratory prototype of a solar tracking system, 

which is able to enhance the performance of the photovoltaic modules in a solar energy 

system. The operating principle of the device is to keep the photovoltaic modules constantly 

aligned with the sunbeams, which maximizes the exposure of solar panel to the Sun‟s 

radiation. As a result, more output power can be produced by the solar panel. 

The work of the project included hardware design and implementation, together with 

software programming for the microcontroller unit of the solar tracker. The system is utilized 

an ATmega328P microcontroller to control motion of two servo motors, which rotate solar 

panel in two axes. The amount of rotation was determined by the microcontroller, based on 

inputs retrieved from four photo sensors located next to solar panel. 

At the end of the project, a functional solar tracking system was designed and 

implemented. It was able to keep the solar panel aligned with the sun, or any light source 

repetitively. Design of the solar tracker from this project is also a reference and a starting point 

for the development of more advancement systems in the future.
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CHAPTER 1 

INTRODUCTION 

With the unavoidable shortage of fossil fuel sources in the future, renewable types of 

energy have become a topic of interest for researchers, technicians, investors and decision 

makers all around the world. New types of energy that are getting attention include 

hydroelectricity, bioenergy, solar, wind and geothermal energy, tidal power and wave power. 

Because of their renewability, they are considered as favourable replacements for fossil fuel 

sources. Among those types of energy, solar photovoltaic (PV) energy is one of the most 

available resources. This technology has been adopted more widely for residential use 

nowadays, thanks to research and development activities to improve solar cells‟ performance 

and lower the cost. According to International Energy Agency (IEA), worldwide PV capacity 

has grown at 49% per year on average since early 2000s. Solar PV energy is highly expected 

to become a major source of power in the future. 

However, despite the advantages, solar PV energy is still far from replacing 

traditional sources on the market. It is still a challenge to maximise power output of PV 

systems in areas that don‟t receive a large amount of solar radiation. We still need more 

advanced technologies from manufacturers to improve the capability of PV materials, but 

improvement of system design and module construction is a feasible approach to make solar 

PV power more efficient, thus being a reliable choice for customers. Aiming for that purpose, 

this project had been carried out to support the development of such promising technology. 

One of the main methods of increasing efficiency is to maximize the duration of 

exposure to the Sun. Tracking systems help achieve this by keeping PV solar panels aligned 

at the appropriate angle with the sun rays at any time. The goal of this project is to build a 

prototype of light tracking system at smaller scale, but the design can be applied for any solar 

energy system in practice. It is also expected from this project a quantitative measurement of 

how well tracking system performs compared to system with fixed mounting method. 
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1.1 WORKING PRINCIPLE: 

 Resistance of LDR depends on intensity of the light and it varies according to 

it. The higher is the intensity of light, lower will be the LDR resistance and 

due to this the output voltage lowers and when the light intensity is low, 

higher will be the LDR resistance and thus higher output voltage is obtained. 

 A potential divider circuit is used to get the output voltage from the sensors 

(LDRs).The circuit is shown here. 

 

 The LDR senses the analog input in voltages between 0 to 5 volts and provides 

a digital number at the output which generally ranges from 0 to 1023. 

 Now this will give feedback to the microcontroller using the arduino software 

(IDE). 

 The servo motor position can be controlled by this mechanism which is 

discussed later in the hardware model. 
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 The tracker finally adjusts its position sensing the maximum intensity of light falling 

perpendicular to it and stays there till it notices any further change. 

 The sensitivity of the LDR depends on point source of light. It hardly shows any effect 

on diffuse lighting condition 

1.2 BASIC CIRCUIT DIAGRAM 

An overview of the required circuit for the Dual-axes solar tracker is shown here. The 

5V supply is fed from an USB 5V dc voltage source through Arduino Board.  

 

Servo X :Rotates solar panel along X direction 

Servo Y :Rotates solar panel along Y direction 
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1.3 FLOW CHART 
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CHAPTER-2 

LITERATURE REVIEW 

 This paper describes the development of a low-cost, dual    axes    solar    tracker    

(DAST)    with    low    power consumption. The work encompasses the design, construction, 

assembly of the entire mechanical structure, electrical systems and devices and the elaboration 

of the control logic responsible for all the movement of the module to search the position of 

maximum solar irradiation. The tracking is designed through the use of LDR sensors 

responsible for providing the input signal to a microcontroller. The PV panel rotates 

automatically based on the sun irradiance during the day while at night, the panel remains in a 

horizontal position to protect the mechanical structure against inclement weather. The proposed 

system also has a development of a 12V battery charging system used for module movement 

and as a power source for electronic devices. Results show that a system with the designed 

DAST can reduce in 8% the payback of a single PV installation when compared with a fixed 

structure. 

  

The proposed system changes its direction in two axis to trace the coordinate of sunlight 

by detecting change in light intensity through light sensors. Hardware testing of the proposed 

system is done for checking the system ability to track and follow the sunlight in an efficient 

way. Dual axis solar tracking system superiority over single axis solar tracking and fixed PV 

system is also presented. 

 

The demand for electricity worldwide is increasing significantly in the last few years. 

India, between 2006- 2015 there was a 34% increase in electricity consumption and 38.7% in 

the production of electric energy. 

The author describes a dual axis tracking system by placing four photo resistors on the 

modules and compares the potential difference between the photo resistors and moves the solar 

module according to the value of the potential difference. 

Reference is based on electro- optical based trackers which use light dependent resistors 

to detect the point of maximum insulation. In the use of photo resistors, since the sensor is 

exposed outside, it is vulnerable to physical damages, and environmental factors like 
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temperature, rains etc. 

Single axis sun trackers tracks the sun only by varying the azimuth angle, while keeping 

the tilt angle fixed. These systems, though they are more efficient than fixed photovoltaic (PV) 

systems, doesn't utilize the available solar energy to maximum extent and has less efficiency 

when compared to dual axis trackers. 
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CHAPTER 3 

SOLAR RADIATION & PHOTOVOLTAIC 

3.1 CONCEPTS ON SOLAR RADIATION 

Before talking about the solar tracking systems, we will review some basic concepts 

concerning solar radiation and mention some important values to better understand the results 

of this work. 

The sun, at an estimated temperature of 5800 K, emits high amounts of energy in the 

form of radiation, which reaches the planets of the solar system. Sunlight has two components, 

the direct beam and diffuse beam. Direct radiation (also called beam radiation) is the solar 

radiation of the sun that has not been scattered (causes shadow). Direct beam carries about 

90% of the solar energy, and the "diffuse sunlight" that carries the remainder. The diffuse 

portion is the blue sky on a clear day and increases as a proportion on cloudy days. The diffuse 

radiation is the sun radiation that has been scattered (complete radiation on cloudy days). 

Reflected radiation is the incident radiation (beam and diffuse) that has been reflected by the 

earth. The sum of beams, diffuse and reflected radiation is considered as the global radiation 

on a surface. As the majority of the energy is in the direct beam, maximizing collection 

requires the sun to be visible to the panels as long as possible. 

Declination Angle- 

The declination of the sun is the angle between the equator and a line drawn from the 

centre of the Earth to the centre of the sun. The declination is maximum (23.450) on the 

summer/winter (in India 21 June and 22 December) The declination angle, denoted by δ, 

varies seasonally due to the tilt of the Earth on its axis of rotation and the rotation of the Earth 

around the sun. If the Earth were not tilted on its axis of rotation, the declination would always 

be 0°. However, the Earth is tilted by 23.45° and the declination angle varies plus or minus 

this amount. Only at the spring and fall equinoxes is the declination angle equal to 0°. 
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Figure 3.1: The Declination Angles 

Hour Angle- 

The Hour Angle is the angular distance that the earth has rotated in a day. It is equal to 

15 degrees multiplied by the number of hours from local solar noon. This is based on the 

nominal time, 24 hours, required for the earth to rotate once i.e. 360 degrees. 

Solar hour angle is zero when sun is straight over head, negative before noon, and 

positive after noon.(here noon means 12.00 hour) 

Solar Altitude (θz)- 

The solar altitude is the vertical angle between the horizontal and the line connecting 

to the sun. At sunset/sunrise altitude is 0 and is 90 degrees when the sun is at the zenith. The 

altitude relates to the latitude of the site, the declination angle and the hour angle. 
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Figure 3.2 Solar altitudes and azimuths typical behavior of sun path 

Solar Azimuth (θA)-  

The azimuth angle is the angle within the horizontal plane measured from true South 

or North. The azimuth angle is measured clockwise from the zero azimuth. For example, if 

you're in the Northern Hemisphere and the zero azimuth is set to South, the azimuth angle 

value will be negative before solar noon, and positive after solar noon. 

INSOLATION 

Insolation is a measure of solar radiation energy received on a given surface area and 

recorded during a given time. It is also called solar irradiation and expressed as hourly 

irradiation if recorded during an hour, daily irradiation if recorded during a day, for example. 

The unit recommended by the World Meteorological Organization is MJ/m2 (mega joules per 

square meter) or J/cm2 (joules per square centimeter).Practitioners in the business of solar 

energy may use the unit Wh/m2 (watt-hours per square meter). If this energy is divided by the 
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recording time in hours, it is then a density of power called irradiance, expressed in W/m2 

(watts per square meter). Over the course of a year the average solar radiation arriving at the 

top of the Earth's atmosphere at any point in time is roughly 1366 watts per square meter. The 

Sun's rays are attenuated as they pass through the atmosphere, thus reducing the irradiance at 

the Earth's surface to approximately 1000 W m−2 for a surface perpendicular to the Sun's rays 

at sea level on a clear day. The insolation of the sun can also be expressed in Suns, where one 

Sun equals 1000 W/m
2
 

PROJECTION EFFECT 

The insolation into a surface is largest when the surface directly faces the Sun. As the 

angle increases between the direction at a right angle to the surface and the direction of the 

rays of sunlight, the insolation is reduced in proportion to cosine of the angle; see effect of sun 

angle on climate. 

This 'projection effect' is the main reason why the Polar Regions are much colder than 

equatorial regions on Earth. On an annual average the poles receive less insolation than does 

the equator, because at the poles the Earth's surface are angled away from the Sun. 

 

Figure 3.3One beam one mile wide shines on the ground at a 90° angle, and another at 

a 30° angle. The one at a shallower angle distributes the same amount of light energy over 

twice as much area. 
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3.2 WORKING OF PHOTOVOLTAICS 

Photovoltaics are the direct conversion of light into electricity at the atomic level. 

Some materials exhibit a property known as the photoelectric effect that causes them to absorb 

photons of light and release electrons. When these free electrons are captured, an electric 

current result that can be used as electricity 

A solar cell (also called photovoltaic cell or photoelectric cell) is a solid state electrical 

device that converts the energy of light directly into electricity by the photovoltaic effect. 

Crystalline silicon PV cells are the most common photovoltaic cells in use today. 

A number of solar cells electrically connected to each other and mounted in a support 

structure or frame are called a photovoltaic module. Modules are designed to supply electricity 

at a certain voltage, such as a common 12 volts system. The current produced is directly 

dependent on how much light strikes the module. Multiple modules can be wired together to 

form an array. In general, the larger the area of a module or array, the more electricity will be 

produced. Photovoltaic modules and arrays produce direct-current (DC) electricity. They can 

be connected in both series and parallel electrical arrangements to produce any required 

voltage and current combination. 

 

 

 

 

 

 

 

Figure 3.4: Photovoltaic panel or array 
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CHAPTER 4 

SOLAR TRACKER 

Solar Tracker is a Device which follows the movement of the sun as it rotates from the 

east to the west every day. The main function of all tracking systems is to provide one or two 

degrees of freedom in movement. Trackers are used to keep solar collectors/solar panels 

oriented directly towards the sun as it moves through the sky every day. Using solar trackers 

increases the amount of solar energy which is received by the solar energy collector and 

improves the energy output of the heat/electricity which is generated. Solar trackers can 

increase the output of solar panels by 20-30% which improves the economics of the solar 

panel project. 

4.1 NEED FOR SOLAR TRACKER 

The energy contributed by the direct beam drops off with the cosine of the angle 

between the incoming light and the panel. The table no. 2.1 shows the Direct power lost (%) 

due to misalignment (angle i). 

Misalignment 

(angle i ) 

Direct power lost 

(%)=1-cos(i) 
  

0
0

 0 

1
0

 .015 

3
0

 .14 

8
0

 1 

23.4
0

 8.3 

30
0

 13.4 

45
0

 30 

75
0

 >75 

 

Table no-2.1 Direct power lost (%) due to misalignment (angle i) 
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 The sun travels through 360 degrees east-west a day, but from the perspective of any 

fixed location the visible portion is 180 degrees during a 1/2 day period. Local horizon effects 

reduce this somewhat, making the effective motion about 150 degrees. A solar panel in a fixed 

orientation between the dawn and sunset extremes will see a motion of 75 degrees on either 

side, and thus, according to the table above, will lose 75% of the energy in the morning and 

evening. Rotating the panels to the east and west can help recapture these losses. A tracker 

rotating in the east-west direction is known as a single-axis tracker. 

The sun also moves through 46 degrees north-south over the period of a year. The same 

set of panels set at the midpoint between the two local extremes will thus see the sun move 23 

degrees on either side, causing losses of 8.3% A tracker that accounts for both the daily and 

seasonal motions is known as a dual-axis tracker. 

4.2 TYPES OF SOLAR TRACKERS 

PASSIVE TRACKING SYSTEMS 

The passive tracking system realizes the movement of the system by utilizing a low 

boiling point liquid. This liquid is vaporized by the added heat of the sun and the center of 

mass is shifted leading to that the system finds the new equilibrium position. 

 

ACTIVE TRACKING SYSTEMS 

The two basic types of active solar tracker are single-axis and double-axis. 
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Figure 4.1: Passive tracking system 

4.3 SINGLE AXIS TRACKERS 

The single axis tracking systems realizes the movement of either elevation or azimuth 

for a solar power system. Which one of these movements is desired, depends on the 

technology used on the tracker as well as the space that it is mounted on. For example the 

parabolic through systems utilize the azimuthally tracking whereas the many rooftop PV-

systems utilize elevation tracking because of the lack of space. A single-axis tracker can only 

pivot in one plane – either horizontally or vertically. This makes it less complicated and 

generally cheaper than a two-axis tracker, but also less effective at harvesting the total solar 

energy available at a site. Trackers use motors and gear trains to direct the tracker as 

commanded by a controller responding to the solar direction. Since the motors consume 

energy, one wants to use them only as necessary. 

Single axis trackers have one degree of freedom that acts as an axis of rotation. There 

are several common implementations of single axis trackers. These include horizontal single 

axis trackers (HSAT) and vertical single axis trackers (VSAT). 

A horizontal-axis tracker consists of a long horizontal tube to which solar modules are 

attached. The tube is aligned in a north-south direction, is supported on bearings mounted o n 

pylons or frames, and rotates slowly on its axis to follow the sun's motion across the sky. 

This kind of tracker is most effective at equatorial latitudes where the sun is more or less 
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overhead at noon. In general, it is effective wherever the solar path is high in the sky for 

substantial parts of the year, but for this very reason, does not perform well at higher 

latitudes. For higher latitude, a vertical-axis tracker is better suited. This works well wherever 

the sun is typically lower in the sky and, at least in the summer months, the days are long. 

4.4 DUAL AXIS TRACKERS 

Dual axis trackers as shown in the figure 2.6 have two degrees of freedom that act as 

axes of rotation. Double-axis solar trackers, as the same suggest, can rotate simultaneously in 

horizontal and vertical directions, and s o are able to point exactly at the sun at all times in 

any location. 

Dual axis tracking systems realize movement both along the elevation- and 

azimuthally axes. These tracking systems naturally provide the best performance, given that 

the components have high enough accuracy as well. 

 

Fig 4.2 Dual axis solar tracker 

 

 

 

 

 



19 

 

Chapter 5 

DESIGN OF SOLAR TRACKER 

 

5.1 TRACKER DESIGN 

A solar tracker is a device that orient photovoltaic array toward the sun. In flat-panel 

photovoltaic (PV) applications trackers are used to minimize the angle of incidence between 

the incoming light and a photovoltaic panel. This increases the amount of energy produced by 

the photovoltaic array. 

Here we can use azimuth-altitude dual axis trackers (AADAT). Dual axis trackers 

extract the maximum solar energy levels due to their ability to follow the sun vertically and 

horizontally. No matter where the sun is in the sky, dual axis trackers are able to angle 

themselves to be in direction toward the sun. 

 

Fig. 5.1 Setup of a squared solar panel 
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The Fig. 5.1 shows a setup of a squared solar panel with two degrees of freedom. 

Here Two DC motors are used to drive the two rotational degrees of freedom. The motors can 

mounted directly on the rotation pins of the rotational joints to reduce losses caused by 

linkages and joints and to avoid using more linkages and mechanisms 

5.2 DC MOTOR AND MOTOR DRIVER THEORY 

Introduction 

The tracking systems would need to consist of two motors, which control the position 

of the array, and a control circuit (either analog or digital) to direct these motors. The 

following sections discuss some possible types of motors that could be used for this type of 

application. 

DC Motors 

 

 
Figure 5.2: Inner Workings of a DC Motor 

 

Figure 5.2 shows the inner workings of a basic DC motor. The outside section of the 

motor is the stator (stationary part), while the inside section is the rotor (rotating part).The 

stator is comprised of two (or more) permanent magnet pole pairs, while the rotor is 

comprised of windings that are connected to a mechanical commutator. The opposite 

polarities of the energized winding and the stator magnet attract each other. When this occurs 

the rotor will rotate until perfect alignment with the stator is achieved. When the rotor 
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reaches alignment, the brushes move across the commutator contacts (middle section of 

rotor) and energies the next winding. 

There are two other types of DC motors: series wound and shunt wound. These 

motors also use a similar rotor with brushes and a commutator. However, the stator uses 

windings instead of permanent magnets. The basic principle is still the same. A series wound 

DC motor has the stator windings in series with the rotor. A shunt wound DC motor has the 

stator windings in parallel with the rotor winding. 

DC Servomotors 

By itself the standard DC motor is not an acceptable method of controlling a sun 

tracking array. This is due to the fact that DC motors are free spinning and subsequently 

difficult to position accurately. Even if the timing for starting and stopping the motor is 

correctly achieved, the armature does not stop immediately. DC motors have a very gradual 

acceleration and deceleration curves, therefore stabilization is slow. Adding gearing to the 

motor will help to reduce this problem, but overshoot is still present and will throw off the 

anticipated stop position. The only way to effectively use a DC motor for precise positioning 

is to use a servo 

     The servomotor is actually an assembly of four things: a normal DC motor, a gear 

reduction unit, a position-sensing device (usually a potentiometer), and a control circuit. The 

function of the servo is to receive a control signal that represents a desired output position of 

the servo shaft, and apply power to its DC motor until its shaft turns to that position. It uses the 

position-sensing device to determine the rotational position of the shaft, so it knows which way 

the motor must turn to move the shaft to the command position. The solar panel that attached 

to the motor will be reacted according to the direction of the motor 
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Fig 5.3 DC Servomotors 

 

5.3 SYSTEM DESIGN 

The purpose of a solar tracker is to accurately determine the position of the sun. This 

enables solar panels to interface to the tracker to obtain the maximum solar radiation. With 

this particular solar tracker a closed loop system was made. 

 
 

Fig 5.4 Block Diagram of overall system 
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The electrical system consists of five LDR sensors which provide feedback to a micro 

controller. This micro controller processes the sensor input and provides two PWM signals 

for the movement of servo motors. 

This servo motor moves the solar panel towards the higher density of solar light. 

The entire electrical system is powered by a 12volt source power supply. 

Initially five different analog values are obtained from LDR‟s, and then they are feed 

to micro controller. Micro controller gives two different PWM signal for the movement of 

solar panel through servo motor. 

SENSORS 

We are using Five Light Dependent Resistor‟s as a sensor. They sense the higher 

density area of sun light. The solar panel moves to the high light density area through servo 

motors. 

Each LDR is connected to power supply forming a potential devider. Thus any 

change in light density is proportional to the change in voltage across the LDR‟s. 

 
LDR is a passive transducer hence we will use potential divider circuit to obtain 

corresponding voltage value from the resistance of LDR. 

LDRs resistance is inversely proportional to the intensity of light falling on it i.e. 

Higher the intensity or brightness of light the Lower the resistance and vice versa. Interfaces: 
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Input(ADC): 

Arduino has an inbuilt 10-bit Analog to Digital converter(ADC), hence it can provide 

Digital values from 0-1023.(since 2^10=1024). We can also set the ADC reference voltage in 

arduino, but here we‟ll let it use default value. LDR‟s has two pins, and to get voltage value 

from it we use potential divider circuit. In potential divider we get Vout corresponding to 

resistance of LDR which in turn is a function of Light falling on LDR. The higher the 

intensity of light, lower the LDR resistance and hence lower the Output voltage (Vout) And 

lower the light intensity, higher the LDR resistance and hence higher the Vout. 

Output (PWM): 

Arduino has a 8-bit PWM generator, so we can get up to 256 distinct PWM signal. To 

drive a servo we need to get a PWM signal from the board, this is usually accomplished using 

timer function of the microcontroller but arduino makes it very easy. Arduino provides a 

servo library in which we have to only assign servo angle (0-1800) and the servo rotates by 

that angle, all the PWM calculations are handled by the servo library and we get a neat PWM 

signal according to the desired angle. 

MICRO CONTROLLER 

The ATMEGA-168 is a modified Harvard architecture 8-bit RISC single chip 

microcontroller which was developed by Atmel. It uses on-chip flash memory for program 

storage, as opposed to one-time programmable ROM, EPROM, or EEPROM used by other 

microcontrollers at the time. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Modified_Harvard_architecture
http://en.wikipedia.org/wiki/Modified_Harvard_architecture
http://en.wikipedia.org/wiki/Reduced_instruction_set_computer
http://en.wikipedia.org/wiki/Microcontroller
http://en.wikipedia.org/wiki/Atmel
http://en.wikipedia.org/wiki/Flash_memory
http://en.wikipedia.org/wiki/Programmable_read-only_memory
http://en.wikipedia.org/wiki/Programmable_read-only_memory
http://en.wikipedia.org/wiki/EEPROM
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Features 

Flash : 16KB 

EEPROM : 1024B 

SRAM : 512B 

Clock freq. : 
upto 

20MHz 

Supply voltage : 2.8-5.5v 

Ext. Interrupt : 24 

PWM : 6 
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Pin descriptions   

VCC  - Digital supply voltage  

GND  - Ground   

 

Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port B output buffers have symmetrical drive characteristics with both high 

sink and source capability. As inputs, Port B pins that are externally pulled low will source 

current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset 

condition becomes active,even if the clock is not running. Depending on the clock selection 

fuse settings, PB6 can be used as input to the inverting Oscillator amplifier and input to the 

internal clock operating circuit. Depending on the clock selection fuse settings, PB7 can be 

used as output from the inverting Oscillator amplifier. If the Internal Calibrated RC Oscillator 

is used as chip clock source, PB7.6 is used as TOSC2.1 input for the Asynchronous 

Timer/Counter2 if the AS2 bit in ASSR is set. 

Port C (PC5:0) 

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The PC5..0 output buffers have symmetrical drive characteristics with both high 

sink and source capability. As inputs, Port C pins that are externally pulled low will source 

current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset 

condition becomes active, even if the clock is not running. 

PC6/RESET 

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the 

electrical characteristics of PC6 differ from those of the other pins of Port C. If the 

RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin for 

longer than the minimum pulse length will generate a Reset, even if the clock is not running. 
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Port D (PD7:0) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port D output buffers have symmetrical drive characteristics with both high 

sink and source capability. As inputs, Port D pins that are externally pulled low will source 

current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset 

condition becomes active, even if the clock is not running. 

AVCC 

AVCC is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should 

be externally connected to VCC, even if the ADC is not used. If the ADC is used, it should 

be connected to VCC through a low-pass filter. Note that PC6.4 use digital supply voltage, 

VCC. 

AREF 

AREF is the analog reference pin for the A/D Converter. 

 

ADC7:6 (TQFP and QFN/MLF package only) 

In the TQFP and QFN/MLF package, ADC7.6 serve as analog inputs to the A/D 

converter. These pins are powered from the analog supply and serve as 10-bit ADC channels. 
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CHAPTER 6 

SOFTWARE PROGRAMME MODEL AND TESTING RESULT 

6.1 PROGRAMMing code 

 

#include <Servo.h> 

Servo myservo; Servo 

ourservo; 

int posx = 90;  // initial position is top 

 

int posy = 90; 

 

int sens1 = A0; //  (x,0) LDR 

int sens2 = A1; // (0,0) LDR 

int sens3 = A2; //  (0,y) LDR 

int tolerance = 2; 

void setup() 

 

{ 

 

myservo.attach(9); // pin9 

ourservo.attach(10); // pin10 

pinMode(sens1, INPUT); 

pinMode(sens2, INPUT); 

pinMode(sens3, INPUT); 

myservo.write(posx); 

delay(1000);  // buffer delay 

ourservo.write(posy); 

delay(1000); 

} 
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void loop() 

 

{ 

 

//For First Axis 

 

int val1 = analogRead(sens1); // read sensor 1 

 

int val2 = analogRead(sens2); // read sensor 2 

 

if((abs(val1 - val2) <= tolerance) || (abs(val2 - val1) <= tolerance)) 

 

{ 

 

//do nothing 

 

} 

 

else { 

 

if(val1 > val2) 

 

{ 

 

posx = --posx; 

 

} 

 

if(val1 < val2) 

 

{ 

 

posx = ++posx; 

 

} 
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} 

 

myservo.write(posx); // write the position to servo 

 

delay(50); 

 

int val3 = analogRead(sens3);//read sensor 3  

 

val2 = analogRead(sens2); // read sensor 2  

 

val3 = analogRead(sens3); // read sensor3 

 

// For Second Axis 

 

if((abs(val2 - val3) <= tolerance) || (abs(val3 - val2) <= tolerance)) 

 

{ 

 

//do nothing 

 

} 

 

else { 

 

if(val2 > val3) 

 

{ 

 

posy = ++posy; 

 

} 

 

if(val2 < val3) 

 

{ 
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posy = --posy; 

 

} 

 

} 

 

if(posy > 150) { posy = 150; }  

if(posy < 30) { posy = 30; }  

ourservo.write(posy); delay(50); 

} 

DESCRIPTION OF THE SOFTWARE PROGRAM 

 

STEPS: 

 First of all, both the servos are declared and object is created to control the 

servo motors. 

 The variables posx and posy are used to store the reference servo positions. 

 The ADC input pins for LDRs are selected for dual direction movement and 

one for reference. 

 A tolerance or a constant value is selected to establish the working of the 

motors. 

 The servos are attached on digital pins to the servo object. 

 The required analog pins are selected as input using pinMode(pin , mode) 

 The servos are sets to mid-point or original position with a 1000ms or 1sec 

delay to catch up with the user. 

 Three variables are chosen to read the analog values and map it into integers 

value between 0 and 1023. 
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 If the difference between the two variables is less than the tolerance value then 

it will stays to its or original location else it shows movement towards the 

direction of maximum intensity of light by incrementing or decrementing the 

values of posx and posy. 

 The position is then written to servo and the loop repeats till it encounter any 

changes in the values of input greater than the minimum tolerance. 

 If the position becomes greater than 150˚then position will be set to 150˚only 

 and if the position of the motor is less than 30˚then it would be kept at 30˚only 

as the lower and upper limit angles are chosen to be 30˚and 150˚respectively 

6.2 TESTING RESULT 

 

Time (hrs) Single ax-

is(volts) 

Dual axis 

(volts) 

8 am 8.2 10.7 

9 am 9.4 12.2 

10 am 12.5 14.6 

11 am 15.8 17.3 

12 pm 17.9 19.8 

1 pm 18.5 21.2 

2 pm 16.4 17.9 

3 pm 14.3 16.7 

4 pm 12.1 13.8 

5 pm 10.5 12.1 
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 FINAL EXPERIMENTAL SETUP 
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CHAPTER 7 

CONCLUSION AND FUTURE SCOPE 

 

7.1 CONCLUSION 

Double hub tracker flawlessly lines up with the sun heading and tracks the sun 

development in a more productive manner and has an enormous execution change. The test 

comes about plainly Show that double pivot following is better than single hub following and 

settled module frameworks. Power Captured by double hub sun based tracker is high amid 

the entire perception day and age and it augments the change of sun based irradiance into 

electrical vitality yield. The proposed framework .Is savvy additionally as a little alteration in 

single hub tracker gave conspicuous power rise.In the framework. Through our  

examinations, we have discovered that double pivot following can build vitality by around 

40% of the settled exhibits. One of the vital empowering influences to accomplish this goal is 

to ideally use the accessible assets, quite land and transmission framework. 

7.2 SCOPE FOR FUTURE WORK 

With the available time and resources, the objective of the project was met. The 

project is able to be implemented on a much larger scale. For future projects, one may 

consider the use of more efficient sensors, which should also be cost effective and consume 

little power. This would further enhance efficiency while reducing costs. If there is the 

possibility of further reducing the cost of this project, it would help a great deal. This is 

because whether or not such projects are embraced is dependent on how cheap they can be. 

Shading has adverse effects on the operation of solar panels. Shading of a single cell will 

have an effect on the entire panel because the cells are usually connected in series. With 

shading therefore, the tracking system will not be able to improve efficiency as is required. 
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ABSTRACT 

The goal of this thesis was to develop a laboratory prototype of a solar tracking system, 

which is able to enhance the performance of the photovoltaic modules in a solar energy 

system. The operating principle of the device is to keep the photovoltaic modules constantly 

aligned with the sunbeams, which maximizes the exposure of solar panel to the Sun‟s 

radiation. As a result, more output power can be produced by the solar panel. 

The work of the project included hardware design and implementation, together with 

software programming for the microcontroller unit of the solar tracker. The system is utilized 

an ATmega328P microcontroller to control motion of two servo motors, which rotate solar 

panel in two axes. The amount of rotation was determined by the microcontroller, based on 

inputs retrieved from four photo sensors located next to solar panel. 

At the end of the project, a functional solar tracking system was designed and 

implemented. It was able to keep the solar panel aligned with the sun, or any light source 

repetitively. Design of the solar tracker from this project is also a reference and a starting point 

for the development of more advancement systems in the future.
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CHAPTER 1 

INTRODUCTION 

With the unavoidable shortage of fossil fuel sources in the future, renewable types of 

energy have become a topic of interest for researchers, technicians, investors and decision 

makers all around the world. New types of energy that are getting attention include 

hydroelectricity, bioenergy, solar, wind and geothermal energy, tidal power and wave power. 

Because of their renewability, they are considered as favourable replacements for fossil fuel 

sources. Among those types of energy, solar photovoltaic (PV) energy is one of the most 

available resources. This technology has been adopted more widely for residential use 

nowadays, thanks to research and development activities to improve solar cells‟ performance 

and lower the cost. According to International Energy Agency (IEA), worldwide PV capacity 

has grown at 49% per year on average since early 2000s. Solar PV energy is highly expected 

to become a major source of power in the future. 

However, despite the advantages, solar PV energy is still far from replacing 

traditional sources on the market. It is still a challenge to maximise power output of PV 

systems in areas that don‟t receive a large amount of solar radiation. We still need more 

advanced technologies from manufacturers to improve the capability of PV materials, but 

improvement of system design and module construction is a feasible approach to make solar 

PV power more efficient, thus being a reliable choice for customers. Aiming for that purpose, 

this project had been carried out to support the development of such promising technology. 

One of the main methods of increasing efficiency is to maximize the duration of 

exposure to the Sun. Tracking systems help achieve this by keeping PV solar panels aligned 

at the appropriate angle with the sun rays at any time. The goal of this project is to build a 

prototype of light tracking system at smaller scale, but the design can be applied for any solar 

energy system in practice. It is also expected from this project a quantitative measurement of 

how well tracking system performs compared to system with fixed mounting method. 
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1.1 WORKING PRINCIPLE: 

 Resistance of LDR depends on intensity of the light and it varies according to 

it. The higher is the intensity of light, lower will be the LDR resistance and 

due to this the output voltage lowers and when the light intensity is low, 

higher will be the LDR resistance and thus higher output voltage is obtained. 

 A potential divider circuit is used to get the output voltage from the sensors 

(LDRs).The circuit is shown here. 

 

 The LDR senses the analog input in voltages between 0 to 5 volts and provides 

a digital number at the output which generally ranges from 0 to 1023. 

 Now this will give feedback to the microcontroller using the arduino software 

(IDE). 

 The servo motor position can be controlled by this mechanism which is 

discussed later in the hardware model. 

 

 

 



6 

 

 

 

 The tracker finally adjusts its position sensing the maximum intensity of light falling 

perpendicular to it and stays there till it notices any further change. 

 The sensitivity of the LDR depends on point source of light. It hardly shows any effect 

on diffuse lighting condition 

1.2 BASIC CIRCUIT DIAGRAM 

An overview of the required circuit for the Dual-axes solar tracker is shown here. The 

5V supply is fed from an USB 5V dc voltage source through Arduino Board.  

 

Servo X :Rotates solar panel along X direction 

Servo Y :Rotates solar panel along Y direction 
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1.3 FLOW CHART 
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CHAPTER-2 

LITERATURE REVIEW 

 This paper describes the development of a low-cost, dual    axes    solar    tracker    

(DAST)    with    low    power consumption. The work encompasses the design, construction, 

assembly of the entire mechanical structure, electrical systems and devices and the elaboration 

of the control logic responsible for all the movement of the module to search the position of 

maximum solar irradiation. The tracking is designed through the use of LDR sensors 

responsible for providing the input signal to a microcontroller. The PV panel rotates 

automatically based on the sun irradiance during the day while at night, the panel remains in a 

horizontal position to protect the mechanical structure against inclement weather. The proposed 

system also has a development of a 12V battery charging system used for module movement 

and as a power source for electronic devices. Results show that a system with the designed 

DAST can reduce in 8% the payback of a single PV installation when compared with a fixed 

structure. 

  

The proposed system changes its direction in two axis to trace the coordinate of sunlight 

by detecting change in light intensity through light sensors. Hardware testing of the proposed 

system is done for checking the system ability to track and follow the sunlight in an efficient 

way. Dual axis solar tracking system superiority over single axis solar tracking and fixed PV 

system is also presented. 

 

The demand for electricity worldwide is increasing significantly in the last few years. 

India, between 2006- 2015 there was a 34% increase in electricity consumption and 38.7% in 

the production of electric energy. 

The author describes a dual axis tracking system by placing four photo resistors on the 

modules and compares the potential difference between the photo resistors and moves the solar 

module according to the value of the potential difference. 

Reference is based on electro- optical based trackers which use light dependent resistors 

to detect the point of maximum insulation. In the use of photo resistors, since the sensor is 

exposed outside, it is vulnerable to physical damages, and environmental factors like 
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temperature, rains etc. 

Single axis sun trackers tracks the sun only by varying the azimuth angle, while keeping 

the tilt angle fixed. These systems, though they are more efficient than fixed photovoltaic (PV) 

systems, doesn't utilize the available solar energy to maximum extent and has less efficiency 

when compared to dual axis trackers. 
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CHAPTER 3 

SOLAR RADIATION & PHOTOVOLTAIC 

3.1 CONCEPTS ON SOLAR RADIATION 

Before talking about the solar tracking systems, we will review some basic concepts 

concerning solar radiation and mention some important values to better understand the results 

of this work. 

The sun, at an estimated temperature of 5800 K, emits high amounts of energy in the 

form of radiation, which reaches the planets of the solar system. Sunlight has two components, 

the direct beam and diffuse beam. Direct radiation (also called beam radiation) is the solar 

radiation of the sun that has not been scattered (causes shadow). Direct beam carries about 

90% of the solar energy, and the "diffuse sunlight" that carries the remainder. The diffuse 

portion is the blue sky on a clear day and increases as a proportion on cloudy days. The diffuse 

radiation is the sun radiation that has been scattered (complete radiation on cloudy days). 

Reflected radiation is the incident radiation (beam and diffuse) that has been reflected by the 

earth. The sum of beams, diffuse and reflected radiation is considered as the global radiation 

on a surface. As the majority of the energy is in the direct beam, maximizing collection 

requires the sun to be visible to the panels as long as possible. 

Declination Angle- 

The declination of the sun is the angle between the equator and a line drawn from the 

centre of the Earth to the centre of the sun. The declination is maximum (23.450) on the 

summer/winter (in India 21 June and 22 December) The declination angle, denoted by δ, 

varies seasonally due to the tilt of the Earth on its axis of rotation and the rotation of the Earth 

around the sun. If the Earth were not tilted on its axis of rotation, the declination would always 

be 0°. However, the Earth is tilted by 23.45° and the declination angle varies plus or minus 

this amount. Only at the spring and fall equinoxes is the declination angle equal to 0°. 
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Figure 3.1: The Declination Angles 

Hour Angle- 

The Hour Angle is the angular distance that the earth has rotated in a day. It is equal to 

15 degrees multiplied by the number of hours from local solar noon. This is based on the 

nominal time, 24 hours, required for the earth to rotate once i.e. 360 degrees. 

Solar hour angle is zero when sun is straight over head, negative before noon, and 

positive after noon.(here noon means 12.00 hour) 

Solar Altitude (θz)- 

The solar altitude is the vertical angle between the horizontal and the line connecting 

to the sun. At sunset/sunrise altitude is 0 and is 90 degrees when the sun is at the zenith. The 

altitude relates to the latitude of the site, the declination angle and the hour angle. 
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Figure 3.2 Solar altitudes and azimuths typical behavior of sun path 

Solar Azimuth (θA)-  

The azimuth angle is the angle within the horizontal plane measured from true South 

or North. The azimuth angle is measured clockwise from the zero azimuth. For example, if 

you're in the Northern Hemisphere and the zero azimuth is set to South, the azimuth angle 

value will be negative before solar noon, and positive after solar noon. 

INSOLATION 

Insolation is a measure of solar radiation energy received on a given surface area and 

recorded during a given time. It is also called solar irradiation and expressed as hourly 

irradiation if recorded during an hour, daily irradiation if recorded during a day, for example. 

The unit recommended by the World Meteorological Organization is MJ/m2 (mega joules per 

square meter) or J/cm2 (joules per square centimeter).Practitioners in the business of solar 

energy may use the unit Wh/m2 (watt-hours per square meter). If this energy is divided by the 
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recording time in hours, it is then a density of power called irradiance, expressed in W/m2 

(watts per square meter). Over the course of a year the average solar radiation arriving at the 

top of the Earth's atmosphere at any point in time is roughly 1366 watts per square meter. The 

Sun's rays are attenuated as they pass through the atmosphere, thus reducing the irradiance at 

the Earth's surface to approximately 1000 W m−2 for a surface perpendicular to the Sun's rays 

at sea level on a clear day. The insolation of the sun can also be expressed in Suns, where one 

Sun equals 1000 W/m
2
 

PROJECTION EFFECT 

The insolation into a surface is largest when the surface directly faces the Sun. As the 

angle increases between the direction at a right angle to the surface and the direction of the 

rays of sunlight, the insolation is reduced in proportion to cosine of the angle; see effect of sun 

angle on climate. 

This 'projection effect' is the main reason why the Polar Regions are much colder than 

equatorial regions on Earth. On an annual average the poles receive less insolation than does 

the equator, because at the poles the Earth's surface are angled away from the Sun. 

 

Figure 3.3One beam one mile wide shines on the ground at a 90° angle, and another at 

a 30° angle. The one at a shallower angle distributes the same amount of light energy over 

twice as much area. 
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3.2 WORKING OF PHOTOVOLTAICS 

Photovoltaics are the direct conversion of light into electricity at the atomic level. 

Some materials exhibit a property known as the photoelectric effect that causes them to absorb 

photons of light and release electrons. When these free electrons are captured, an electric 

current result that can be used as electricity 

A solar cell (also called photovoltaic cell or photoelectric cell) is a solid state electrical 

device that converts the energy of light directly into electricity by the photovoltaic effect. 

Crystalline silicon PV cells are the most common photovoltaic cells in use today. 

A number of solar cells electrically connected to each other and mounted in a support 

structure or frame are called a photovoltaic module. Modules are designed to supply electricity 

at a certain voltage, such as a common 12 volts system. The current produced is directly 

dependent on how much light strikes the module. Multiple modules can be wired together to 

form an array. In general, the larger the area of a module or array, the more electricity will be 

produced. Photovoltaic modules and arrays produce direct-current (DC) electricity. They can 

be connected in both series and parallel electrical arrangements to produce any required 

voltage and current combination. 

 

 

 

 

 

 

 

Figure 3.4: Photovoltaic panel or array 
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CHAPTER 4 

SOLAR TRACKER 

Solar Tracker is a Device which follows the movement of the sun as it rotates from the 

east to the west every day. The main function of all tracking systems is to provide one or two 

degrees of freedom in movement. Trackers are used to keep solar collectors/solar panels 

oriented directly towards the sun as it moves through the sky every day. Using solar trackers 

increases the amount of solar energy which is received by the solar energy collector and 

improves the energy output of the heat/electricity which is generated. Solar trackers can 

increase the output of solar panels by 20-30% which improves the economics of the solar 

panel project. 

4.1 NEED FOR SOLAR TRACKER 

The energy contributed by the direct beam drops off with the cosine of the angle 

between the incoming light and the panel. The table no. 2.1 shows the Direct power lost (%) 

due to misalignment (angle i). 

Misalignment 

(angle i ) 

Direct power lost 

(%)=1-cos(i) 
  

0
0

 0 

1
0

 .015 

3
0

 .14 

8
0

 1 

23.4
0

 8.3 

30
0

 13.4 

45
0

 30 

75
0

 >75 

 

Table no-2.1 Direct power lost (%) due to misalignment (angle i) 
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 The sun travels through 360 degrees east-west a day, but from the perspective of any 

fixed location the visible portion is 180 degrees during a 1/2 day period. Local horizon effects 

reduce this somewhat, making the effective motion about 150 degrees. A solar panel in a fixed 

orientation between the dawn and sunset extremes will see a motion of 75 degrees on either 

side, and thus, according to the table above, will lose 75% of the energy in the morning and 

evening. Rotating the panels to the east and west can help recapture these losses. A tracker 

rotating in the east-west direction is known as a single-axis tracker. 

The sun also moves through 46 degrees north-south over the period of a year. The same 

set of panels set at the midpoint between the two local extremes will thus see the sun move 23 

degrees on either side, causing losses of 8.3% A tracker that accounts for both the daily and 

seasonal motions is known as a dual-axis tracker. 

4.2 TYPES OF SOLAR TRACKERS 

PASSIVE TRACKING SYSTEMS 

The passive tracking system realizes the movement of the system by utilizing a low 

boiling point liquid. This liquid is vaporized by the added heat of the sun and the center of 

mass is shifted leading to that the system finds the new equilibrium position. 

 

ACTIVE TRACKING SYSTEMS 

The two basic types of active solar tracker are single-axis and double-axis. 
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Figure 4.1: Passive tracking system 

4.3 SINGLE AXIS TRACKERS 

The single axis tracking systems realizes the movement of either elevation or azimuth 

for a solar power system. Which one of these movements is desired, depends on the 

technology used on the tracker as well as the space that it is mounted on. For example the 

parabolic through systems utilize the azimuthally tracking whereas the many rooftop PV-

systems utilize elevation tracking because of the lack of space. A single-axis tracker can only 

pivot in one plane – either horizontally or vertically. This makes it less complicated and 

generally cheaper than a two-axis tracker, but also less effective at harvesting the total solar 

energy available at a site. Trackers use motors and gear trains to direct the tracker as 

commanded by a controller responding to the solar direction. Since the motors consume 

energy, one wants to use them only as necessary. 

Single axis trackers have one degree of freedom that acts as an axis of rotation. There 

are several common implementations of single axis trackers. These include horizontal single 

axis trackers (HSAT) and vertical single axis trackers (VSAT). 

A horizontal-axis tracker consists of a long horizontal tube to which solar modules are 

attached. The tube is aligned in a north-south direction, is supported on bearings mounted o n 

pylons or frames, and rotates slowly on its axis to follow the sun's motion across the sky. 

This kind of tracker is most effective at equatorial latitudes where the sun is more or less 
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overhead at noon. In general, it is effective wherever the solar path is high in the sky for 

substantial parts of the year, but for this very reason, does not perform well at higher 

latitudes. For higher latitude, a vertical-axis tracker is better suited. This works well wherever 

the sun is typically lower in the sky and, at least in the summer months, the days are long. 

4.4 DUAL AXIS TRACKERS 

Dual axis trackers as shown in the figure 2.6 have two degrees of freedom that act as 

axes of rotation. Double-axis solar trackers, as the same suggest, can rotate simultaneously in 

horizontal and vertical directions, and s o are able to point exactly at the sun at all times in 

any location. 

Dual axis tracking systems realize movement both along the elevation- and 

azimuthally axes. These tracking systems naturally provide the best performance, given that 

the components have high enough accuracy as well. 

 

Fig 4.2 Dual axis solar tracker 
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Chapter 5 

DESIGN OF SOLAR TRACKER 

 

5.1 TRACKER DESIGN 

A solar tracker is a device that orient photovoltaic array toward the sun. In flat-panel 

photovoltaic (PV) applications trackers are used to minimize the angle of incidence between 

the incoming light and a photovoltaic panel. This increases the amount of energy produced by 

the photovoltaic array. 

Here we can use azimuth-altitude dual axis trackers (AADAT). Dual axis trackers 

extract the maximum solar energy levels due to their ability to follow the sun vertically and 

horizontally. No matter where the sun is in the sky, dual axis trackers are able to angle 

themselves to be in direction toward the sun. 

 

Fig. 5.1 Setup of a squared solar panel 
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The Fig. 5.1 shows a setup of a squared solar panel with two degrees of freedom. 

Here Two DC motors are used to drive the two rotational degrees of freedom. The motors can 

mounted directly on the rotation pins of the rotational joints to reduce losses caused by 

linkages and joints and to avoid using more linkages and mechanisms 

5.2 DC MOTOR AND MOTOR DRIVER THEORY 

Introduction 

The tracking systems would need to consist of two motors, which control the position 

of the array, and a control circuit (either analog or digital) to direct these motors. The 

following sections discuss some possible types of motors that could be used for this type of 

application. 

DC Motors 

 

 
Figure 5.2: Inner Workings of a DC Motor 

 

Figure 5.2 shows the inner workings of a basic DC motor. The outside section of the 

motor is the stator (stationary part), while the inside section is the rotor (rotating part).The 

stator is comprised of two (or more) permanent magnet pole pairs, while the rotor is 

comprised of windings that are connected to a mechanical commutator. The opposite 

polarities of the energized winding and the stator magnet attract each other. When this occurs 

the rotor will rotate until perfect alignment with the stator is achieved. When the rotor 
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reaches alignment, the brushes move across the commutator contacts (middle section of 

rotor) and energies the next winding. 

There are two other types of DC motors: series wound and shunt wound. These 

motors also use a similar rotor with brushes and a commutator. However, the stator uses 

windings instead of permanent magnets. The basic principle is still the same. A series wound 

DC motor has the stator windings in series with the rotor. A shunt wound DC motor has the 

stator windings in parallel with the rotor winding. 

DC Servomotors 

By itself the standard DC motor is not an acceptable method of controlling a sun 

tracking array. This is due to the fact that DC motors are free spinning and subsequently 

difficult to position accurately. Even if the timing for starting and stopping the motor is 

correctly achieved, the armature does not stop immediately. DC motors have a very gradual 

acceleration and deceleration curves, therefore stabilization is slow. Adding gearing to the 

motor will help to reduce this problem, but overshoot is still present and will throw off the 

anticipated stop position. The only way to effectively use a DC motor for precise positioning 

is to use a servo 

     The servomotor is actually an assembly of four things: a normal DC motor, a gear 

reduction unit, a position-sensing device (usually a potentiometer), and a control circuit. The 

function of the servo is to receive a control signal that represents a desired output position of 

the servo shaft, and apply power to its DC motor until its shaft turns to that position. It uses the 

position-sensing device to determine the rotational position of the shaft, so it knows which way 

the motor must turn to move the shaft to the command position. The solar panel that attached 

to the motor will be reacted according to the direction of the motor 
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Fig 5.3 DC Servomotors 

 

5.3 SYSTEM DESIGN 

The purpose of a solar tracker is to accurately determine the position of the sun. This 

enables solar panels to interface to the tracker to obtain the maximum solar radiation. With 

this particular solar tracker a closed loop system was made. 

 
 

Fig 5.4 Block Diagram of overall system 
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The electrical system consists of five LDR sensors which provide feedback to a micro 

controller. This micro controller processes the sensor input and provides two PWM signals 

for the movement of servo motors. 

This servo motor moves the solar panel towards the higher density of solar light. 

The entire electrical system is powered by a 12volt source power supply. 

Initially five different analog values are obtained from LDR‟s, and then they are feed 

to micro controller. Micro controller gives two different PWM signal for the movement of 

solar panel through servo motor. 

SENSORS 

We are using Five Light Dependent Resistor‟s as a sensor. They sense the higher 

density area of sun light. The solar panel moves to the high light density area through servo 

motors. 

Each LDR is connected to power supply forming a potential devider. Thus any 

change in light density is proportional to the change in voltage across the LDR‟s. 

 
LDR is a passive transducer hence we will use potential divider circuit to obtain 

corresponding voltage value from the resistance of LDR. 

LDRs resistance is inversely proportional to the intensity of light falling on it i.e. 

Higher the intensity or brightness of light the Lower the resistance and vice versa. Interfaces: 
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Input(ADC): 

Arduino has an inbuilt 10-bit Analog to Digital converter(ADC), hence it can provide 

Digital values from 0-1023.(since 2^10=1024). We can also set the ADC reference voltage in 

arduino, but here we‟ll let it use default value. LDR‟s has two pins, and to get voltage value 

from it we use potential divider circuit. In potential divider we get Vout corresponding to 

resistance of LDR which in turn is a function of Light falling on LDR. The higher the 

intensity of light, lower the LDR resistance and hence lower the Output voltage (Vout) And 

lower the light intensity, higher the LDR resistance and hence higher the Vout. 

Output (PWM): 

Arduino has a 8-bit PWM generator, so we can get up to 256 distinct PWM signal. To 

drive a servo we need to get a PWM signal from the board, this is usually accomplished using 

timer function of the microcontroller but arduino makes it very easy. Arduino provides a 

servo library in which we have to only assign servo angle (0-1800) and the servo rotates by 

that angle, all the PWM calculations are handled by the servo library and we get a neat PWM 

signal according to the desired angle. 

MICRO CONTROLLER 

The ATMEGA-168 is a modified Harvard architecture 8-bit RISC single chip 

microcontroller which was developed by Atmel. It uses on-chip flash memory for program 

storage, as opposed to one-time programmable ROM, EPROM, or EEPROM used by other 

microcontrollers at the time. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Modified_Harvard_architecture
http://en.wikipedia.org/wiki/Modified_Harvard_architecture
http://en.wikipedia.org/wiki/Reduced_instruction_set_computer
http://en.wikipedia.org/wiki/Microcontroller
http://en.wikipedia.org/wiki/Atmel
http://en.wikipedia.org/wiki/Flash_memory
http://en.wikipedia.org/wiki/Programmable_read-only_memory
http://en.wikipedia.org/wiki/Programmable_read-only_memory
http://en.wikipedia.org/wiki/EEPROM
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Features 

Flash : 16KB 

EEPROM : 1024B 

SRAM : 512B 

Clock freq. : 
upto 

20MHz 

Supply voltage : 2.8-5.5v 

Ext. Interrupt : 24 

PWM : 6 
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Pin descriptions   

VCC  - Digital supply voltage  

GND  - Ground   

 

Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port B output buffers have symmetrical drive characteristics with both high 

sink and source capability. As inputs, Port B pins that are externally pulled low will source 

current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset 

condition becomes active,even if the clock is not running. Depending on the clock selection 

fuse settings, PB6 can be used as input to the inverting Oscillator amplifier and input to the 

internal clock operating circuit. Depending on the clock selection fuse settings, PB7 can be 

used as output from the inverting Oscillator amplifier. If the Internal Calibrated RC Oscillator 

is used as chip clock source, PB7.6 is used as TOSC2.1 input for the Asynchronous 

Timer/Counter2 if the AS2 bit in ASSR is set. 

Port C (PC5:0) 

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The PC5..0 output buffers have symmetrical drive characteristics with both high 

sink and source capability. As inputs, Port C pins that are externally pulled low will source 

current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset 

condition becomes active, even if the clock is not running. 

PC6/RESET 

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the 

electrical characteristics of PC6 differ from those of the other pins of Port C. If the 

RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin for 

longer than the minimum pulse length will generate a Reset, even if the clock is not running. 
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Port D (PD7:0) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port D output buffers have symmetrical drive characteristics with both high 

sink and source capability. As inputs, Port D pins that are externally pulled low will source 

current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset 

condition becomes active, even if the clock is not running. 

AVCC 

AVCC is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should 

be externally connected to VCC, even if the ADC is not used. If the ADC is used, it should 

be connected to VCC through a low-pass filter. Note that PC6.4 use digital supply voltage, 

VCC. 

AREF 

AREF is the analog reference pin for the A/D Converter. 

 

ADC7:6 (TQFP and QFN/MLF package only) 

In the TQFP and QFN/MLF package, ADC7.6 serve as analog inputs to the A/D 

converter. These pins are powered from the analog supply and serve as 10-bit ADC channels. 
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CHAPTER 6 

SOFTWARE PROGRAMME MODEL AND TESTING RESULT 

6.1 PROGRAMMing code 

 

#include <Servo.h> 

Servo myservo; Servo 

ourservo; 

int posx = 90;  // initial position is top 

 

int posy = 90; 

 

int sens1 = A0; //  (x,0) LDR 

int sens2 = A1; // (0,0) LDR 

int sens3 = A2; //  (0,y) LDR 

int tolerance = 2; 

void setup() 

 

{ 

 

myservo.attach(9); // pin9 

ourservo.attach(10); // pin10 

pinMode(sens1, INPUT); 

pinMode(sens2, INPUT); 

pinMode(sens3, INPUT); 

myservo.write(posx); 

delay(1000);  // buffer delay 

ourservo.write(posy); 

delay(1000); 

} 
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void loop() 

 

{ 

 

//For First Axis 

 

int val1 = analogRead(sens1); // read sensor 1 

 

int val2 = analogRead(sens2); // read sensor 2 

 

if((abs(val1 - val2) <= tolerance) || (abs(val2 - val1) <= tolerance)) 

 

{ 

 

//do nothing 

 

} 

 

else { 

 

if(val1 > val2) 

 

{ 

 

posx = --posx; 

 

} 

 

if(val1 < val2) 

 

{ 

 

posx = ++posx; 

 

} 
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} 

 

myservo.write(posx); // write the position to servo 

 

delay(50); 

 

int val3 = analogRead(sens3);//read sensor 3  

 

val2 = analogRead(sens2); // read sensor 2  

 

val3 = analogRead(sens3); // read sensor3 

 

// For Second Axis 

 

if((abs(val2 - val3) <= tolerance) || (abs(val3 - val2) <= tolerance)) 

 

{ 

 

//do nothing 

 

} 

 

else { 

 

if(val2 > val3) 

 

{ 

 

posy = ++posy; 

 

} 

 

if(val2 < val3) 

 

{ 
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posy = --posy; 

 

} 

 

} 

 

if(posy > 150) { posy = 150; }  

if(posy < 30) { posy = 30; }  

ourservo.write(posy); delay(50); 

} 

DESCRIPTION OF THE SOFTWARE PROGRAM 

 

STEPS: 

 First of all, both the servos are declared and object is created to control the 

servo motors. 

 The variables posx and posy are used to store the reference servo positions. 

 The ADC input pins for LDRs are selected for dual direction movement and 

one for reference. 

 A tolerance or a constant value is selected to establish the working of the 

motors. 

 The servos are attached on digital pins to the servo object. 

 The required analog pins are selected as input using pinMode(pin , mode) 

 The servos are sets to mid-point or original position with a 1000ms or 1sec 

delay to catch up with the user. 

 Three variables are chosen to read the analog values and map it into integers 

value between 0 and 1023. 



32 

 

 If the difference between the two variables is less than the tolerance value then 

it will stays to its or original location else it shows movement towards the 

direction of maximum intensity of light by incrementing or decrementing the 

values of posx and posy. 

 The position is then written to servo and the loop repeats till it encounter any 

changes in the values of input greater than the minimum tolerance. 

 If the position becomes greater than 150˚then position will be set to 150˚only 

 and if the position of the motor is less than 30˚then it would be kept at 30˚only 

as the lower and upper limit angles are chosen to be 30˚and 150˚respectively 

6.2 TESTING RESULT 

 

Time (hrs) Single ax-

is(volts) 

Dual axis 

(volts) 

8 am 8.2 10.7 

9 am 9.4 12.2 

10 am 12.5 14.6 

11 am 15.8 17.3 

12 pm 17.9 19.8 

1 pm 18.5 21.2 

2 pm 16.4 17.9 

3 pm 14.3 16.7 

4 pm 12.1 13.8 

5 pm 10.5 12.1 
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 FINAL EXPERIMENTAL SETUP 
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CHAPTER 7 

CONCLUSION AND FUTURE SCOPE 

 

7.1 CONCLUSION 

Double hub tracker flawlessly lines up with the sun heading and tracks the sun 

development in a more productive manner and has an enormous execution change. The test 

comes about plainly Show that double pivot following is better than single hub following and 

settled module frameworks. Power Captured by double hub sun based tracker is high amid 

the entire perception day and age and it augments the change of sun based irradiance into 

electrical vitality yield. The proposed framework .Is savvy additionally as a little alteration in 

single hub tracker gave conspicuous power rise.In the framework. Through our  

examinations, we have discovered that double pivot following can build vitality by around 

40% of the settled exhibits. One of the vital empowering influences to accomplish this goal is 

to ideally use the accessible assets, quite land and transmission framework. 

7.2 SCOPE FOR FUTURE WORK 

With the available time and resources, the objective of the project was met. The 

project is able to be implemented on a much larger scale. For future projects, one may 

consider the use of more efficient sensors, which should also be cost effective and consume 

little power. This would further enhance efficiency while reducing costs. If there is the 

possibility of further reducing the cost of this project, it would help a great deal. This is 

because whether or not such projects are embraced is dependent on how cheap they can be. 

Shading has adverse effects on the operation of solar panels. Shading of a single cell will 

have an effect on the entire panel because the cells are usually connected in series. With 

shading therefore, the tracking system will not be able to improve efficiency as is required. 
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ABSTRACT 

This project emphasis on design and fabrication of the river waste cleaning machine. 

The work has done looking at the current situation of our national rivers which are dump with 

crore liters of sewage and loaded  with  pollutants, toxic materials, debris etc. The government 

of India has taken charge to clean rivers and invest huge capital in many river cleaning projects 

like “NamamiGange”, „‟Narmada Bachao‟‟ and many major and medium projects in various 

cities like Ahmadabad, Varanasi etc. By taking this into consideration, this machine has 

designed to clean river water surface. 

Nowadays almost all the manufacturing process is being atomized in order to deliver  

the  products  at  a faster rate. Automation plays an important role in mass production. In this 

project we have fabricated the remote operated river cleaning machine. The main aim of the 

project is to reduce the man power, time consumption  for  cleaning the river. In this project 

we have automated the operation of river cleaning with help of a motor and chain drive 

arrangement. Some needs of automation are  described below. Here using RF transmitter and 

receiver are to control the cleaning machine. Automation can be achieved through computers, 

hydraulics, pneumatics, robotics, etc., of these sources, pneumatics form an attractive medium 

for low cost automation. 
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CHAPTER1 

INTRODUCTION 

The “River cleaning machine” used in that places where there is waste debris in the 

water body which are to be removed. This machine is consist of waterwheel driven conveyer 

mechanism which collect & remove the wastage, garbage & plastic wastages from water 

bodies. This also reduce the difficulties which we face when collection of debris take place. 

A machine will lift the waste surface debris from the water bodies, this will ultimately result 

in reduction of water pollution and lastly the aquatic animal's death to these problems will be 

reduced. It consists of Belt drive mechanism which lifts the debris from the water. The use of 

this project will be made in rivers, ponds, lakes and other water bodies for to clean the 

surface water debris from bodies. 

Nasik which affecttheacoustic, human life &beauty of Godavari River. The 

somephotographsareshowsthe water pollutionnear Godavari 

RiverNasik.Wastewaterisdefinedasthe flow ofusedwater from homes, businessindustries, 

commercial activities and institutions which are subjectedtothetreatmentplantsbya carefully 

designed and engineered network of pipes.Thebiggestimpact of cleaning thechemicalwastes  

can  cause   respiratorydiseases   and itplaysachallenging issue forthemunicipalityofficers 

Water damage isclassifiedasthreetypesof contaminated water. Theyareclean water, gray water 

andblack water. Clean water is from abrokenwatersupplyline or leaking faucet.Ifnottreated 

quickly, thiswatercanturn intoblackwaterorgraywater,dependingonlengthof time, temperature, 

andcontactwithsurrounding contaminants. Adrainageditchis a  narrow channel thatisdugatthe 

side of aroad or fieldtocarry away the water. Nowadays, eventhough automation playsavital 

role inallindustrialapplicationsintheproperdisposalofsewages from industries  and 

sewagecleaning is still a challenging task. Drainage pipesareusedforthedisposal of sewage 

and unfortunately sometimes there may beloss of human life whilecleaningthe blockages 

inthedrainagepipes. The municipality workers are only responsible toensurethatthe sewage 

iscleanornot. Though theyclean the ditches attheside of buildings,theycan’t cleaninverywide 

sewages. The municipality workers needtoget down into the sewage sludgetocleanthewide 

sewage. Itaffectstheir health badly and alsocausesskinallergies 
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1.1 AIM AND OBJECTIVES 

The main aim of the project is to reduce the man power, time consumption for 

cleaning the river. To reduce the pollution in water bodies. Facility of removing waste 

particulate floating on water surface. To maintain the automation during working towards 

cleaning River. To perform the fast & reliable operation during cleaning River. Improve the 

water quality of a water bodies. To work for society for clean up a section of a stream or 

river. To record the amount of garbage removed from thewaterway & give solutions tolocal 

toprovidebetter environment to aquatic animals and human life. 

1.2 NEED 

Waste water isdefinedas the flowofused water from homes, business industries, 

commercial activities and institutions which are subjected to the treatment plants by a 

carefully designed and engineered network of pipes. The biggest impact of cleaning the 

chemical wastes cancause respiratory diseases and it playsa challenging issue forthe 

municipality officers.Nowadays, even though automation plays avital role in 

allindustrialapplications in the proper disposalofsewagesfrom industries and 

sewagecleaningis still a challenging task. Drainage pipes areusedforthedisposalof sewage and 

unfortunately sometimes there may be lossofhumanlifewhile cleaning the blockages 

inthedrainage pipes. Assuch condition the river cleaning machine is used to solvesuchtypeof 

problems. 
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CHAPTER-2 

LITERATURE REVIEW 

  

M. Mohamed Idhris, M. Elamparthi, C. Manoj Kumar Dr.N. Nithyavathy, Mr. K. 

Suganeswaran, Mr. S. Arun kumar,DESIGN AND FABRICATION OF REMOTE 

CONTROLLED SEWAGE CLEANING MACHINE, The motive of the project is to automate 

the sewagecleaning process in drainage, to reducethespreading of diseases to human. The 

black watercleaning process helps to prevent pest infestations by reducing the residues that 

can attract and support pests. It also improvestheshelflifeand sensory quality of food products. 

In the proposed system, the machine is operated with remote control to clean 

thesewage.Hence,this system avoids theimpacts from thesewagewaste and its harmfulgases. 

This helps to prevent the mosquito generation from the wastage. The systemhas a 

wipermotorthat starts running as soon as the set-up is switchedon. Two powerwindowmotors 

are connected to thewheeland it is drivenwith the help of theremote control set-up. The 

process starts collecting thesewagewastes by using the arm and it throws back thewasteinto the 

bin fixed in themachine at thebottom.An arm is used to lift thesewage and in turn a bucket is 

used to collect them. The set-uprunseven in sewage area withwater(limited to a particular 

amount) sothat the wastages which floats onthe watersurface also gets collected. The 

garbagewhich affects the drainage is also picked upandremoved. This system has 

limitedhuman intervention in the process of cleaningand in turn reduces spreading of diseases 

to mankind. Modern services are becoming polarized. 

 

Mr.Abhijeet.M.Ballade, Mr. Vishal.S.Garde,Mr.Akash.S.Lahane and 

Mr.Pranav.V.Boob, Design & Fabrication of river cleaning system, India is holy country 

&during lots of festivallikeganeshvisarjan, navratridurga puja & mainly 

Siahnsthkumbhmelathere is lots of water pollution of Godavari River at Nashik. The water 

pollution is very important problem in rivers, ponds andwater bodies near Godavari River at 
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Nashik.Due to increase in water pollution in the form to waste debris; it is hampering the life 

of aquatic animal and make theirlife in danger.Similarly sometimes theaquatic animal tends to 

eats surfacewaste debris considering itas a food; which ultimately cause the death of animals. 

Due to polluted watermanyskindiseases to human kind are observed. Sothat to reducethewater 

pollution we are trying to make river cleanup machine.“Rivercleanupmachine'' a machine 

which involvesthe removing the waste debris from watersurface and safely dispose from 

thewater body. The rivercleanupmachineworks onhydropower to extractwastewater debris, 

plastics&garbage from Godavari river at Nashik 

 

Mr. P. M. Sirsat,Dr.I.A.Khan, Mr. P.V. Jadhav, Mr.P.T. DateDesign and fabrication of 

River Waste Cleaning Machine, Thispaper emphasis on design and fabrication details of the 

river waste cleaning machine. The work has done looking at the current situation of our 

nationalriverswhich are dumpwith crore liters of sewageand loaded with pollutants, 

toxicmaterials, debris etc. The government of Indiahas taken charge to clean rivers 

andinvesthuge capital in manyrivercleaning projects like“NamamiGange”, 

‘’NarmadaBachao’’ andmany major andmedium projects in various cities like Ahmadabad, 

Varanasi etc. By taking this into consideration thismachinehas designed to clean 

riverwatersurface.Conventional methods used for collection of floating waste are manual basis 

or by means of boat, thrash skimmers etc. and deposited neartheshore of rivers. These methods 

are risky, costly and time consuming. By considering all the parameters of riversurface 

cleaning systems and eliminating thedrawback of themethods used earlier, theremote operated 

river cleaning machinehasdesignedwhichhelps in river surface cleaning effectively, efficiently 

and eco-friendly. The “Riverwaste cleaning machine” is used wherethere is waste debris in 

thewater body which are to be removed.Thismachine consists of DCmotors,RFtransmitterand 

receiver, propeller, PVC pipes andchaindrivewith the conveyor attached to it for collecting 

wastage,garbage& plastic wastages from water bodies. 

 

Pankaj Singh Sirohi, Rahul Dev, Shubham Gautam, Vinay Kumar Singh, Saroj 

KumarReview on Advance River Cleaner, Riverwateris  usedforirrigationwhich  in return 

gives food to the people. They also maintainthe ecology of region and bring prosperity. We 
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made this project to clean theriver.After implementing this project we can control the pollution 

of river it is very beneficial foroursociety. In this project turbine rotates by flow of 

riverwaterandthrough themechanicalgeararrangement we arrangetwo conveyor belts. The 

firstconveyor belt is used to pick solid waste from river andthesecondconveyor belt is used to 

draw solid wasteout of riverfor solid wastemanagement. Water is the source of life. It covers 

70% of theEarth.But only a small portion of this precious naturalresource is fitfor human 

consumption. Out of the earth’s total water 97% is stored in oceans which are notfitfor human 

consumption. The further 3% is stored in varioussourceslikeglaciers,rivers, lakes and under-

ground aquifers. Rivers have a special place in the lives of the Indians. They consider rivers to 

be sacred, take holy dip duringAmavasya (new moon),Purnamasi (full moon)and on other 

religious occasions. Riverwater is usedforirrigationwhich in returngives food to the people. 

They also maintainthe ecology of theregion and bring prosperity. An area without a river is 

considered to be poor.Unfortunately,during the past two decades water quality has deteriorated 

at a rapid pace. One of themajorreasonsforthis is the solid waste being thrown to the rivers, 

turning them to be a dirty drain. The GangaandtheYamuna,thetwomostsacredrivers of our 

country are no exception to it. Thousands of crores of rupeesis being pumpedto save therivers 

throughvarious plans. Now days we can see river pollution is biggest problem forour planet so 

we introduce our society with an advance rivercleaner. This is an advance river cleaning 

system. We makethis project forlooking to clean river. 

 

Ndubuisi c. Daniels Drainage  System Cleaner  A Solution  to  Environmental Hazards, 

The Drainage system cleaner is a machinewhichhelps to protect theenvironment from different 

kinds of environmental hazards through the promotion wastemanagement by theremoval of 

garbage from the drainage system. These wasteswhennotremovedendup settling in residential 

places where these wastes are burnt thereby causing climate change otherwise thesewastes 

block thedrainage systems thereby causing flooding. The machine is designed in such a way 

that it generates motionfor its functions byitself through the action of runningwater thereby 

cutting out the dangers of thepowering the machine by othersources of powerbecause of 

theharshness of the rain on these othersources. The drainage system cleaner has three major 

parts which are the Propeller, the Cleaner and the Pan all makeupfor its effectivefunctioning. 

The Drainage system cleaner wastested on three different days in the first day it rained in 
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themonths of September,Octoberand November 2012 respectively. Based on the findingsmade 

after the test the Drainage system functionedwellwhen there is maximum load. I 

thereforerecommendthe use of this system by variousindividuals,government companies 

andwasterecyclingcompaniesfor prevention of environmental hazards and also 

encouragingwastemanagement.Drainagesystems are blocked most times by garbage likenylon, 

plastic bottles, and empty cans which cluster together andfindtheirwayintothedrainagesystems. 

If these garbage are allowed to flow thewillendupflowing down to recreational beaches used 

for tourism purposes making a scenenot pleasurable to the eyes (Larsen et al 2009) else these 

garbageflow to residential sites where they are burnt in a way of getting rid of them, thereby 

causing climatechange. Overflow of waterdrainage system occurs when there is a blockage of 

an end of thedrainage system forcing the water to find its way elsewhere apart from the 

mapped outdrainagesystem, therefore the running water spills overthe horizontalheight of the 

drainage systems spreading to regionsalongside  thedrainagesystem, thereby causing 

problemssuch as pushing down of structuressuch as fences, water logging of farm lands and 

residential buildings etc 

 

OsianyNurlansa,Dewi Anisa Istiqomah, and MahendraAstuSangghaPawitraAGATOR 

(Automatic Garbage Collector) as Automatic Garbage Collector Robot Model, Nowadays, the 

environmentproblems arise in manytowns in Indonesia. These problemscome along by 

developing activities such as construction of houses, offices, andother business areas. The 

Environment problems occurdue to severalreasons; they are the low budget allocation on 

environmentmanagement and public awareness in protecting theenvironment. The 

Environment issuewhichcomes  up from year to yearand still cannot be solved is about 

garbage andwaste from various places dispose intorivers.Thosegarbages can clog 

waterflow,inducethewater become dirty,smelly,and often over flow so thengiveeffect floods. 

This research aims to design and makeAGATOR(Automatic Garbage Collector), a 

rotorrobotmodel as automatic garbage collector to counter accumulation of garbage in the 

river which has no flow effectively andefficiently. The method of implementation is design 

and construction. This methodincludesthe identification of needs,analysis of 

thecomponentsrequiredspecifically, hardware andsoftwareengineering, developing, andtesting. 

The test results obtain data by specification of AGATOR includes IC ATMega16 with 5 Volt 
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voltageand 1,1 amperecurrent, IC Driverwith12 Volt voltage and 1,2 Amperecurrent, and 

Limit switch as the controller. Support devices of the robot are mechanical robot, robot control 

system, sensor system, and actuator robot. The maximum load drivesthegarbage receptacle 

until 5 kg. Theaverage speed of robot when take out the garbage is 0.26 m/s. 

 

Basant RaiPollution and Conservation of ganga river In modern India, According to a 

World Bank SponsoredStudy (State of Environment Report- U.P.) (In:Mallikarjun, 2003), 

pollution levels in the Ganga are contributing 9-12% of total disease burden in Uttar Pradesh 

(U.P.). The coliform bacteria levels are in excess of 2 lakh MPN as againstthenationalwater 

quality standard of 5000(Mallikarjun, 2003). The report estimated total health damage on 

account of water pollution in up to is around 6.4 million daily (Disability Adjusted 

LifeYear).According to the CPCB survey report, the total municipalsewage generated in the 

identified25 towns in 1985 was of the order of1340 million liters per day (mld). Apart from 

this sewage, 260 mld of industrialwastewater,runoff from 6 million tons of fertilizersand 9,000 

tonnes of pesticides used in agriculturewithin the basin, large quantities of solid 

waste,includingthousands of animalcarcasses and human corpses were being released into the 

river every day. Out of this,workscorresponding to 873 mld only (65%) weretakenupunder the 

first phase of GAP. The remaining sewage was to be taken up under the2ndphase of GAP 

which is already in progress. The Action Plan primarily addresseditself to the interception and 

diversion for treatment of the targeted municipalsewage of 873 mld.According to report of 

Water Resources Planning Commission (May, 2009), the programme GAP andNRCPhas been 

positive. Water quality monitoring done by reputed independent institutions indicates some 

improvement in thewater quality over pre-GAP period. Thewater quality analysis of samples 

collected at 16 stations on RiverGangaduring 1986 and 2008 showsimprovement in 

DissolvedOxygen(DO) levels at 4 locations namely up and down streams of Allahabad and 

Varanasi.Allthe 16 stations except Patna downstream and Rajmahal show reduction in 

BiologicalOxygen Demand (BOD) values. 

 

HuangCheng, Zhang ZhiIdentification of the Most Efficient Methods for Improving 

Water Quality in Rapid Urbanized Area Using the MIKE 11 Modelling System, The 
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LiangtanRiver basin is shared by Jiulongpo, Shapingbaand Beibei district in 

Chongqing,China.TheLiangtanRiver pilot project comprised identification of key pollution 

sources leading the LiangtanRiver basin pollution andthemost efficient projects and 

technology forimprovingwater quality in rapid urbanized area using the MIKE 11 modeling 

system.Ammonia-N(NH4-N) and chemical oxygendemand(COD)werefound to be 

mostillustrativerepresentingnutrient load from municipal and diffuse rural sources and 

industrial sources, respectively. The scenario modelling for2015 shows that in terms of 

improving thewaterquality, the different sectors should be addressed in the following order: 

Urban wastewater, industrial pollution load, ruralwastewater, livestock pollution load, 

domestic solid wasteandfertilizer pollution load. The largestimprovements to water quality by 

2015 can be achieved by enhancingmunicipalwastewater treatment to 

meethigherwastewaterdischarge standards fornutrients and by supporting investment in clean 

technology at the 50 largest industrial enterprise 
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CHAPTER 3 

METHODOLOGY 

3.1 DESIGN AND FABRICATION OF REMOTE CONTROLLED SEWAGE 

CLEANING MACHINE 

 

The motive of theproject is toautomate the sewage cleaning process in drainage, to 

reduce thespreading of diseasestohuman. The blackwatercleaning process 

helpstopreventpestinfestationsby reducing theresiduesthat can attractandsupportpests.It also 

improvestheshelf life and sensory quality of foodproducts.Intheproposedsystem, the machine 

is operatedwithremotecontroltocleanthesewage.Hence, this system avoids theimpacts from the 

sewagewasteand its harmful gases. This helpstopreventthe mosquito generation from the 

wastage. 

 

3.2 REVIEW ON ADVANCE RIVER CLEANER 

 

River water is used for irrigationwhich in returngives food tothepeople. They also 

maintain the ecology of regionandbring prosperity. We made thisprojecttocleanthe river. After 

implementing thisproject we can control the pollution of river it is very beneficial for our 

society.Inthis project turbinerotatesby flow of  riverwater and through the mechanicalgear 

arrangement we arrange two conveyor belts. The first conveyor belt is usedtopick solid waste 

from river andthe second conveyor belt is used to draw solid waste out of river for solid waste 

management. 
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3.3 EFFICIENT LAKE GARBAGE COLLECTOR BY USING PEDAL 

OPERATED BOAT 

 

The most sacred river in the worldandthenationalriver of India “Ganga River.” Ganga 

is the soul of India and is Holly River in India. Our main motive is toclean the lake water for 

thatpurpose we are makingefficient lake garbagecollectorbyusingpedaloperatedboat.Inthis we 

are using pedal operatedboatwith the conveyor attachedto it for collectinggarbage from 

thelake.Several companies offer equipment to garbage out of river lakesandharbors .Thewater 

surface trashcollectionboat can work in river or lake, it can collectthefloatinggarbageand some 

other equipment for weed cutting, it harvest the aquatic weed from lake. 

3.4 DESIGN AND FABRICATION OF RIVER WASTE COLLECTOR 

The “River Waste Collector” used in that placeswherethere is waste debris in the 

waterbodywhicharetoberemoved. This machine consist of different size of Fins in 

whichgarbage's are goingtocollect in betweenthem. This also reduce thedifficulties which we 

face whencollection of debristakeplace.Inthis machine one end of fins is fixed and another side 

is movable, with the help of servo motors we lift the fins from movable side. All thewaste 

debris are get collected at tankplaced at the end of boat. 

3.5 PROBLEM STATEMENT 

Inthe absence of garbagedisposal facilities, the practice of dumping garbage into 

nearby water bodies has become quite common in recentyears and has posed long-term 

negativeimpactsboth on biodiversity of thearea and as well as on the local environment 

Less human interference: - The very basicidea should besatisfiedthat is to avoid the 

interference of theoperator. This willhappen only bythe adoption and sustained usage of 

technology in theworkspace.Collectmore amount of waste: Veryfirstly it must collect around 

5kg of waste at a time when it is beinglefttothewater. 
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Easy disposal of waste: Another important thing is easy removal of wasteswhich are 

collected in thecollectingbox. 

It must be stable: To make the product stable it must get through with proper design 

calculations. It should withstand extreme conditions such as additional load exertedby the 

waterwavesand as well as by the wasteswhich are being collected. 

Safety for the user: The product must be user friendly. 

Environmental friendly:It should not harm theaquaticanimals.It must not have any 

propertythat has adverse effect on the watersource. 

 

3.6 EXPERIMENTAL  DETERMINATION  OF  RIVER CLEANING 

MACHINE 

Thismachineisconsistof waterwheeldriven conveyer mechanism which collect 

&remove the wastage, garbage& plastic wastages from water bodies. 

 

 
Fig- 3.1:ExperimentalmodelofRiverCleaningMachine 
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Fig-3.2:ExperimentalmodelofRiverCleaningMachinewithtube 

 

3.7 CONSTRUCTION 

 

The projectconsistsofa motor operated waterwheelto run theproject. It has four DC 

Motor of 12V,7.6 Ampere. Thedevicewhichis running theprojectischain drive coupledhaving 

collecting plate.Theproject consists of two  mainshafts balancing 

andhoistingthesprocketofchaindrive.The components are rest on frame serveasmainbody of 

the project. The steel pipe with pressurizeair generates pressurehead to run the project  on

 water surface. Thefabricatedstorage tank isusedtostorethe waste fulfilling the purpose 

oftheproject. 
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3.8 WORKING PRINCIPLE 

In this project the main aim of this machine is to lift the waste debris from the water 

surface and disposethemin the tray. Here we arefabricating the remote operated river cleaning 

machine. Thecollectingplate and chain drives are rotating continuously by the motor. 

Thecollectingplateiscoupled between the two chain drives for collect the waste materials 

fromriver.Thecollected wastages arethrownon the collectingtray with the help of conveyer. 

Ourprojectis having propeller which is used to drive the machine onthe river. Thepropelleris 

run with thehelpof two PMDC motor. Thetotalelectricaldevice is controlledbyRFtransmitter 

and receiverwhichusetocontrol the machine remotely. 
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CHAPTER 4 

CALCULATION AND DESIGN 

 

4.1 MOTOR CALCULATION  

Type: - DC Motor Power= V×I  

Where, 

Volt= 12V  Amp=7.6-Amp 

Power= 12×7.6, Power= 91.2 watt 

4.2 DESIGN OF SPUR GEAR  

Design power Pd=PR × Ki Where, 

Ki=1.25 for light shocks (8 to 10 hrs a day)  

Pd=85×1.25= Pd=114 watt. 

Total Load 

Total load Ft=Pd/VpWhere, 

Ft= tooth load 

Vp= pitch line velocity  

Pitch Line Velocity  

Vp= (πDpN)/ (60) 

Vp= (π*0.045*50)/ 60 

Dp =m*18=18m Where, 

Dp=m×tptp= pinion teeth=18 

Vp= (π× m×18×50)/ 60 

Vp=0.047m 



 

 

 

P
ag

e2
4

 

Total Load Ft=Pd/Vp 

Ft=114.37/0.047m  

Ft=2425.53/m 

Bending Strength by Lewis Equation 

FB= So×Cv×b×y×mWhere, 

So=Basic strengthMpa  

So=245Mpa    SAE 1045 heat treated   Cv=0.4(assume) 

b=Face width= 10m 

ModifiedLewisfactor 20o full depthYp=0.485-(2.87/tp) for pinion, 

Yp= 0.3667 

Yg=0.485-(2.87/tg) for gear, Yg= 0.42583 

Fb= So×Cv×b×y×m, 

Fb= 245×0.4×10×m×0.3667×m Fb= 359.36m 

Using criteria, 

Ft= FB 2832.31/m=359.36*m2 

m=2.5 mm  

Dp=45mm  

Dg=118 mm 

Fb= So×Cv×b×y×m 

b=1993.75/245×0.4×0.3255×2, 

b= 10 mm 

Now, checking face width Ft= Fb 

Ft= 2832.31/m= 1416.15N Ft 

= 1370.2 N Fb=359.36m2 Fb=2246 N 
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Ft< Fb 

Design is Safe Dynamic Load  

Fd=    Ft+(21Vp(Ceb+Ft)/21Vp+√Ceb+Ft) 

Vp=0.047*mm/sec 

Vp=0.1137 m/sec Where, 

C=DeformationFactor, C=11800-(20o full depth) 

b=10  

e = error in profile= 0.05  

Fd=1416.15+21×0.1137(11800×0.05×10+1370.2)/×21*.0.1 

137+√11800×0.05×10+1370.2) 

Fd=220.30 N 

Fd> Ft 

Design is safe  

Limiting Wear Strength  

Fw=Dp×b×k×Q 

Q = 2tg/tg+tp 

= 2×44/44+18 

Q =1.41 

Fw=45*20*K*1.41 

Fw=1269K N 

Using Criteria, Fd=Fw 220.30=1269K K=0.17 

BHN core=150 For pinion 20o full depthinvoluteprofile 

Fw=1276×0.17  

Fw=215.39 N  
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Fd>Fw 

Design is safe Endurance Strength  

Fen =Seb×b×Yp×m 

Where,   Seb= 84mpa,    

Yp=0.3667, b=10,  

m=2.5 Fen =84×10×0.3667×2.5, 

Fen= 770.07 N 

Fen>Fd 

Hence design is safe  

GearRatio 

N1=rpm of pinion  

N2 = rpm of gear  

T2=teeth of gear   

T1 = teeth of pinion Where, 

N1/N2=T2/T1 T2/T1=44/18=2.44 

4.3 DESIGN PROCEDURE OF BELT DRIVE 

Power output of driven gear=power of driving pulley PR=90 watt,  

N1=25 RPM 

DeterminationofDesign Power 

Kϴ=1.1, KL=1.05 Pd= PR* Kϴ* KL 

Pd =0.09*1.1*1.05 

Pd =103.95 KW 

Determination of Pulley Diameter Consider for long life of belt Neglecting the slip 

D1=60 mm,  
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D2= 60mm 

Determinationof Belt Tension 

(F1-F2)=Pd/Vp 

(F1-F2)= 103.95/750/60 

(F1-F2) = 8.316 N ………….(1) 

For rubber belt and plasticpulley 

µ = 0.5 

F1/F2= eµϴ 

ϴ= 0.52 rad/ sec 

F1= 1.29 F2 ……………..(2) 

By putting value of F1 in eqn (1) 

1.29 F2-F2 = 8.316 

F2 = 28.6785 N, F1 = 36.99 N 

DeterminationofInitial Tension 

2√Fi =√F1 + √F2 

Fi= 32.7 N 

BeltCrossSection 

Scf = ρ* V2*10-6 

=970* (750/60)2 *10-6 

Scf = 0.15 MPa 

Bt= F1/(Sd*ni- Scf) Bt= 57.31 mm2 

Then, 

Si = Fi/ b*t 

Si = 1.4 …….. from DDB 
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1.4 = 32.7/b*t 

Bt = 23.357 mm2 

B= 380 mm  

T = 8 mm 

Design of Shaft  

For driving shaft  

PR = 2π*N1*TR/ 60  

TR = 10.39 N-m 

=10.39 * 103 N-mm 

Td= TR * Kl 

=10.39 * 103 * 1.05 

= 10.39* 103 N-mm 

Td=π/16 * τ * (D13- d13)  

D1 = 20 mm, d1 = 18 mm  

Same for driven shaft  

D2= 20 mm,  

d2 = 18 mm Design of Pulley 

W =1.1 * 380  

W = 420 mm 

Capacity of Conveyor Belt 

Capacity  ismaterialcarryingcapacitythat  can  carry  a material in Kg or Tonnage. (m) 

M= ρ * K (0.9B- 0.05)2 V 

Where, 

ρ=density of belt material=1500 Kg/m3 
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4.4DESIGN PROCEDURE OF CHAIN DRIVE 

1) Determine thevelocity ratio of the chain drive  

Velocityratio = N1/N2 

So, 

N1/N2 = T2/T1, 

velocityratio = 0.4 

2) Selectthe minimum number of teeth on the smallestsprocket or pinion Minimum 

NumberOfTeethOn The Sprocket = 18 

3) Determine the design power by using the service factor, such that, 

Designpower = Rated power x Service factor(Ks) 

= 106.25 x Service factor (Ks) 

= 106.25 x (Load factor(K1) x (Lubricationfactor(K2)xRatingfactor(K3) 

= 106.25 x (1.5 x 1 x 1.25) 

Designpower = 0.20kW  

K=Flow ability factorfor 260inclination angle of belt=2.5*10-4  

b=width of belt=380 mm. 

V=velocity of belt=0.0785 

=1500*2.5*10-4(0.9*380-0.05)2*0.0785 

=2.8289*10-3 Kg/sec 

=2.8289*10-3*3600 

M=10.1841 Kg/sec 

 

 

4) Choose the type of chain, number of strands for the design powerand RPM of 

thesprocket 
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Types of chain = simple roller chain (06B) Powerrating (in kW) = 0.25 

Speedof  sprocket or pinion (RPM) = 30 5) 

Note down theparameters of the chain, such as pitch,rollerdiameter, minimum width of 

roller. 

5) ISO chain number = 06B (35) ……………….B.D.ShivalkarPitch (mm) = 9.525, 

Rollerdiameter (mm) = 6.535 Minimum width (mm) = 5.72 

Braking load (simple type roller chain) in k N = 8.9 

6) Determine  the  load  (W)  on  the  chain  byusing  the followingrelation, 

Pitch line velocity =3.14dN/60 

= (3.14 x 0.06 x 30) / 60 

Pitch line velocity = 0.0942 m/s 

W=Ratedpower/pitch line velocity W = 0.25/ pitchlinevelocity 

W= 0.25 / 0.0942 

W = 2.65KN Load on the chain W= 2650N 

7) Calculatethefactor of safetybydividingthe breaking load(WB)to the load on the chain 

(W). This value of factor should be greaterthan the value. 

Factor of safety = (WB/W) 

= 8.9/2.65 

Factor of safety = 3.358 

 

 

 

 

CHAPTER 5 

 

FABRICATION PROCEDURE 
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5.1 FABRICATION PROCEDURE 

T h e  basic step is to fabrication of base frame of the project by using hand cutting 

machine and electric welding machine to withstand the model and its operation. The base 

frame is made of square channel. 

➢ Hollow pipe is assembled at the base frame with the help of L- section through 

nut and bolt. It is made of PVC pipe by using fastening operation. The purpose 

of this pipe is to float on water, carrying the project weight as compressed air 

is placed in pipe creating a differential pressure head, causing the machine to 

float on water. 

➢ L- Section is welded in base frame which is used to hold the hollow pipe with 

the help of nut and bolt. 

➢ T section is welded on base frame to support the bearing and shaft. 

➢ T- Section is assembled on base frame by welding. It is used to support the 

pulley with the help of bearing and shaft. 

➢ Conveyor belt is used to transmit the torque from motor to chain drive. There 

is two shaft assembled in machine. Shaft 1 is mounted at the front chain drive 

of machine and shaft 2 is mounted at the rear chain drive with the help of 

inclined selection and T- section respectively. 

➢ One plateof200*150mm is welded atTsectionfrom170mmfrom base 

formountmotorfordriving pulley ofbelt drive 

➢ Thedrivesourceofour project isan electric motorhaving12V and 7.6 ampere 

current which is used to drive gear train, for collecting mechanism. 

➢ Gear is welded on pulley shaft and anothergearis weld on motor shaftdrive 

used totransmitthepowerfrommotor to conveyor belt pulley. Driveis required 

to carry aloadas desirable to complete the project objective. 

➢ Chaindriveisa way of transmitting mechanical power from one place to 

another. It is often used to convey power to propeller, particularly bicycles and 
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Motorcycles. It is also used inawide variety of machines besides vehicles. The 

power is conveyed by arollerchain,knownas the drivechain, passing overa 

sprocket gear, with the teeth of the gear meshing 

withtheholesinthelinksofthechain.Thegearis turned, and this pulls the chain 

putting mechanical force. 

➢ CollectingMechanism is used in our project tocollect a garbage and debris. By 

using circular bar we made one frame for bin. Andcover its five side with 

thesquare mesh net 

➢ Propeller is bolted onshaft which is placed onbase frame. The purpose of 

water wheel is to move the machine forward or backward onwater. Motoris 

usedto rotate the water wheel with thehelp of chaindrive mechanism. 

 

5.2 COMPONENTS AND SPECIFICATIOIN 

Base Frame 

A frame isoftena structural system that supports other components ofaphysically. Bed 

frame, the part of a bed used to position the mattress and base. 

Specification 

Length=1220 mm,Width=480mm, Square Pipeof2mmthickness 
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Fig-5.1: BaseFrameofRiver Cleaning Machine 

 

Hollow Pipe -2 No 

Thesearetwohollow pipe joint together by permanent fastening with thehelpofM-seal. 

Specification 

Length=1220mm D1=2000mm 

D2=180mm 
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Fig-5.2: Floating Pipe 

 

T Section -2 No 

T sections are welded onbaseframe to mountthe bearings 

Specification 

Width =200mm Height=375mm 

 

Fig.5.3: T-Section 
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Shaft 

Hollowshaftusedtotransmitthe power with thehelpof belt drive 

Specification 

D1 =20mm D1 =18mm 

 

Fig-5.4: Shaft 

 

Motor 

ADC motor is any ofaclass of rotary electrical machines that converts direct current 

electrical energy into mechanical energy. Themostcommon types rely on the forces produced 

by magnetic fields. 

Specification 

DC Motor- RPM=50 Shaft diameter=10 mm 

 

 

 

 

 

 

 

Fig- 5.5: DC Motor 
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Gear 

Spur gears are themostcommontypeof gears. Theyhave straight teeth, andare mounted 

on parallel shafts. Sometimes, many spur gears are usedat once to createvery large gear 

reductions. It also increases the stress onthe gear teeth. 

Specification 

The Gear has a pressure angle of 20° full depth. 

 
 

 
 

Fig-5.6: Spur Gear 

Chain & Sprocket 

 

 
 
 

Fig-5.7: Chain & Sprocket 
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A sprocket or sprocket-wheel isa profiled wheel with teeth, or cogs, that mesh with a 

chain, track or other perforated or indented material. The name 'sprocket' applies generally to 

any wheel upon which radial projections engage a chain passing over it. Sprockets typically 

do not have a flange. 

Specification- No.of Links =108 

NoofTeethonupper Sprocket=44T  

No of Teeth on lower Sprocket=18T 

 

Ball Bearing 

Aball bearing isa type of rolling-element bearing that uses balls to maintain the 

separation between the bearing races. The purposeofaball bearing is to reduce rotational 

friction andsupportradial and axial loads. However, theycantoleratesome misalignment ofthe 

inner and outer races. 

Specification- 

DeepGrooveBall Bearing 6920 

 

 

 

 

 

 

 

 

 

Fig-5.8:BallBearing 
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Collecting Tray 

It is used to collect waste garbage from the river. Specification- 

Length =450mm, 

Breadth =300mm, 

Height=360mm 

 

 

Fig-5.9. Collecting Tray 

Conveyor Belt 

It is carrying mediumofabelt conveyor system 

Specification 

Length =1700mm, Width=400mm 
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Propeller 

It is a mechanical deviceused to develop thrust insidethe water for propelling 

thefloatingbody. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig-5.10: Propeller 

 
Battery 

 

 

 

 

 

 

 

 

 



 

 

 

P
ag

e4
0

 

 

 

Fig-5.11 Battery 

The purposeofthe battery in a series circuit is to givethe circuit a source of energy. The 

purpose of a switch ina series circuit is to makeit easy to open or closethe electrical circuit, 

turning the flowof electricity onoroff. 

Specification-12v 7.5 amp ups battery 

RF Control 

RF module -RF remote control (radio frequency remote control) a wireless device used 

to operate other electronic equipment using radio frequency transmission. 

 

Fig-5.12 RF Control 



 

 

 

P
ag

e4
1

 

CHAPTER 6 

 

ADVANTAGES, DISADVANTAGES AND APPLICATIONS 

 

6.1 ADVANTAGES 

➢ It is a non-conventional river cleaning system. 

➢ Its initial & maintenance cost is low. 

➢ Skill Worker not required to drive the system. 

➢ Environment friendly system. 

➢ Easy in operation. 

➢ Tidal power is a renewable and sustainable energy resource.It reduces 

dependenceupon fossil fuels. 

➢ It produces no liquid or solid pollution.It has little visual impact. 

➢ Tidal power exists on a worldwide scale from deep ocean waters. 

➢ Tidal currents are both predictable and reliable, a feature which gives them an 

advantage over both wind and solar systems. Power outputs can be 

accuratelycalculated far in advance, allowing for easy integration with existing 

electricity grids. 

 

6.2 DIS-ADVANTAGES 

➢ High cost of construction, installation and generation 

➢ Barrages can disrupt natural migratory routes for marine animals and normal 

boatingpathways. 

➢ Turbines can kill up to 15% of fish in area, although technology has advanced, 

theturbines have to move slow enough not to kill many. 

➢ Flooding and ecological changes. 
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6.3APPLICATIONS 

➢ It is applicable to reduce water pollution in rivers & ponds. 

➢ It is useful to reduce the environmental marine pollution at river, Lake. 

➢ It is also useful in fishery plant to collect dead fishes and solid impurities in 

waste water. 

➢ It is useful to remove the sediments present in swimming pool to keep itclean. 
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CHAPTER 7 

 

CONCLUSION AND FUTURE SCOPE 

 

7.1 CONCLUSION 

OnCalculatingandExperimentingthe result are very satisfactory.Onthebasis of 

theseresult we can conclude that it is an innovative method of minimizing 

manualstressandthusvery much reliablystabilizing the in theriver. The projectcarried out byus 

made an impressingtask in the environmentalpurpose and it is very useful for the small 

scaleworks.Althoughthissystemable to collect the garbage from the lake with human 

intervention. The objective of the projectwassuccessfully achieved 

 

7.2SCOPEFORFUTUREWORK 

 

In future this project can be improved to sortmore categories of waste. In this system 

we canuseadvance conveyor systemandconveyormaterialfor increasing the efficiency of 

collection of garbage. We can use the solar panel forproviding power to theboat instead of 

battery operation. Tomodify the sizeofboataccording to its waste collecting capacity is 

increases. This project makes only forsmall lake and by doingsome modification initssize 

and capacity it can be used inbiglake and riverlike Ganga 
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ABSTRACT 

The principle of braking in road vehicles involves the conversion of kinetic energy 

into heat. This high energy conversion therefore demands an appropriate rate of heat 

dissipation if a reasonable temperature and performance stability are to be maintained. 

While the design, construction, and location features severely limit the heat dissipation 

function of the friction brake, electromagnetic brakes work in a relatively cool condition and 

avoid problems that friction brakes face by using a totally different working principle and 

installation location. By using the electromagnetic brake as supplementary retardation 

equipment, the friction brakes can be used less frequently and therefore practically never 

reach high temperatures. The brake linings thus have a longer life span, and the potential 

brake fade problem can be avoided. It is apparent that the electromagnetic brake is an 

essential complement to the safe braking of heavy vehicles. 

In this thesis, a new mathematical model for electromagnetic brakes is proposed to 

describe their static characteristics (angular speed versus brake torque). The performance of 

the new mathematical model is better than the other three models available in the literature 

in a least-square sense. Compared with old models that treat reluctance as a constant, our 

model treats reluctance as a function of speed. In this way, the model represents more 

precisely the aggregate effect of all side effects such as degree of saturation of the iron in the 

magnet, demagnetizing effects, and air gap. The software program written in Mat lab can be 

used to code different brake characteristics (both static and dynamic) and evaluate their 

performance in different road scenarios. 
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CHAPTER-1 

INTRODUCTION 

In this project we are trying to make a braking system. This can be applicable in 

two wheeler at high speed and low maintenance cost. Here we are using an 

electromagnetic coil and a plunger. There is an electromagnetic effect which moves the 

plunger in the braking direction. 

When electricity is applied to the field, it creates an internal magnetic flux. That 

flux is then transferred into a hysteresis disk passing through the field. The hysteresis disk 

is attached to the brake shaft. A magnetic drag on the hysteresis disk allows for a constant 

drag, or eventual stoppage of the output shaft. 

 This projects intends to the design and implementation of new system of 

retardation (braking) for automobiles 

 The design of the new brakes is based upon the phenomenon of 

electromagnetic induction and eddy currents 

 The design basically consists of very strong magnet and rotating metallic 

wheel 

 The wheel develops eddy currents due to the change in magnetic flux 

associated to the wheel due to its rotation 

 The current in turn dissipates the rotational energy of the wheel as heat 

bringing the wheel to a stop 

Electromagnetic brakes (also called electro-mechanical brakes or EM brakes) slow 

or stop motion using electromagnetic force to apply mechanical resistance (friction). The 

original name was "electro-mechanical brakes" but over the years the name changed to 

"electromagnetic brakes", referring to their actuation method. Since becoming popular in 

the mid-20th century especially in trains and trams, the variety of applications and brake 

designs has increased dramatically, but the basic operation remains the same. 

Electromagnetic brakes are the brakes working on the electric power & magnetic power. 

They work on the principle of electromagnetism. 
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These brakes are an excellent replacement on the convectional brakes due to their 

many advantages. The reason for implementing this brake in automobiles is to reduce 

wear in brakes   as it frictionless. Electromagnetic brakes are of today‟s automobiles. The 

working principle of this system is that when the magnetic flux passes through and 

perpendicular to the rotating wheel the eddy current flows opposite to the rotating 

wheel/rotor direction. This eddy current trying to stop the rotating wheel or rotor. This 

results in the rotating wheel or rotor comes to rest/ neutral. 

It is found that electromagnetic brakes can develop a negative power which 

represents nearly twice the maximum power output of a typical engine, and at least three 

times the braking power of an exhaust brake. (Reverdin 1994). These performances of 

electromagnetic brakes make them much more competitive candidate for alternative 

retardation equipment‟s compared with other retarders. By using by using the 

electromagnetic brakes are supplementary retardation equipment, the friction brakes can 

be used less frequently and therefore practically never reach high temperatures. The brake 

linings would last considerably longer before requiring maintenance and the potentially 

“brake fade” problem could be avoided. In research conducted by a truck manufacturer, it 

was proved that the electromagnetic brake assumed 80% of the duty which would 

otherwise have been demanded of the regular service brake (Reverdin 1974). Furthermore 

the electromagnetic brakes prevent the danger that can arise from the prolonged use of 

brake beyond their capability to dissipate heat. This is most likely to occur while a vehicle 

descending a long gradient at high speed. Ina study with a vehicle with 5 axles and 

weighting 40 tones powered by a powered by an engine of 310 b.h.p travelling down a 

gradient of 6% at a steady speed between 35 and 40 m.h.p, it can be calculated that the 

braking power necessary to maintain this speed ot the order of 450 hp. The brakes, 

therefore, would have to absorb 300 hp, meaning that each brake in the 5 axels must 

absorb 30 hp that a friction brake can normally absorb with self-destruction. The magnetic 

brake is well suited to such conditions since it will independently absorb more than 300 

hp (Reverdin 1974). It therefore can exceed the requirements of continuous uninterrupted 

braking, leaving the friction brakes cool and ready for emergency braking in total safety. 

The installation of an electromagnetic brake is not very difficult if there is enough space 

between the gearbox and the rear axle. If did not need a subsidiary cooling system. It relay 

on the efficiency of engine components for its use, so do exhaust and hydrokinetic brakes. 

The exhaust brake is an on/off device and hydrokinetic brakes have very complex control 
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system. The electromagnetic brake control system is an electric switching system which 

gives it superior controllability. 

 

Fig 1.1 Schematic Diagram of Principle of Electromagnetic Braking System 

 

1.1 TYPES OF BRAKING SYSTEM 

Electromagnetic Brake System 

A rising style of brake system, electromagnetic brakes use an electric motor that is 

included in the automobile which help the vehicle come to a stop. These types of brakes 

are in most hybrid vehicles and use an electric motor to charge the batteries and 

regenerative brakes. On occasion, some buses will use it as a secondary retarder brake. 

Frictional Brake System 

A frictional brake system is found in many automobiles. They are service brakes, 

and typically found in two forms; pads and shoes. As the name implies, these brakes use 

friction to stop the automobile from moving. They typically include a rotating device with 

a stationary pad and a rotating weather surface. On most band brakes the shoe will 

constrict and rub against the outside of the rotating drum, alternatively on a drum brake, a 

rotating drum with shoes will expand and rub against the inside of the drum. 
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Hydraulic Brake System 

A hydraulic brake system is composed of a master cylinder that is fed by a 

reservoir of hydraulic braking fluid. This is connected by an assortment of metal pipes 

and rubber fittings which are attached to the cylinders of the wheels. The wheels contain 

two opposite pistons which are located on the band or drum brakes which pressure to push 

the pistons apart forcing the brake pads into the cylinders, thus causing the wheel to stop 

moving. 

1.2 OBJECTIVES 

Primary Objective 

The main objective of our project is to design and fabricate an Electromagnetic 

Braking System model. 

Secondary Objective 

 Besides the main objective, following are our secondary objectives: 

 To understand project planning and execution 

 To understand the fabrication techniques in a mechanical workshop 

 To understand the usage of various mechanical machine tools and also 

measuring tools 

 To make day to day human life more easier by proper use of technology 

1.3 SIGNIFICANCES AND SCOPE 

The following are the significances: 

 Electromagnetic brakes satisfy all the energy requirements of braking 

without the use of friction. They have better heat dissipation capability to 

avoid problems that friction brakes faces times. 

 They can also be used as supplementary retardation equipment in addition 

to the regular friction brakes on heavy vehicles. 
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 These brake‟s component cost is less so these brakes are cheap. 

 They can be used as an alternative method for the future crisis of the crude 

oils. 

Limitations: 

The following are the limitations: 

 The installation of an electromagnetic brake is very difficult if there is not 

enough space between the gearbox and rear axle. 

 It cannot use grease or oil. 

 EM brakes are good at slowing things down, not completely stopping them 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 

 

CHAPTER-2 

LITERATURE REVIEW 

 The literature search focused mainly on topics related to electric vehicles (EV), 

hybrid electric vehicles (HEV) and fuel cell powered hybrid electric vehicles (FCHEV). We 

reviewed the books related to simulation, critical analysis, and empirical research in detail 

using available software. In addition, a system based on alternative energy sources has been 

attempted to some extent. However, more emphasis is placed on literature related to fuel 

savings objectives rather than on environmental savings on global warming and studies 

undertaken to reduce the components of harmful emissions. The most important documents 

to mention here, this paper details the requirements and potential benefits of infrastructure 

development, challenges and opportunities for the design and deployment of emerging 

infrastructures associated with plug-in electric vehicles (PEVs). From battery manufacturing 

to communication and control between the vehicle and the grid, the authors have been able 

to maximize the benefits of the opportunity to reduce fuel consumption, which is crucial to 

providing safe, clean electricity.  

 

 Holms et al (2010) described the operation of an electric vehicle and compared it 

with existing internal combustion engines and hybrid electric vehicles. The report provided 

details of the advantages and disadvantages of electric vehicles, along with future 

technological prospects. 

  

 Eberhard et al. (2005) tested a Tesla Roadster EV with a lithium-ion battery for 

energy-efficient from well to wheel and emissions from the well to the wheel in a paper on 

the "21st century electric vehicle". Compared to natural gas engines, hydrogen fuel cells, 

diesel engines, gasoline engines and hybrid gas / electric vehicles, the energy efficiency 

from the well to the wheel is high and the Tollla Roadster EV has very low emissions from 

the well to the wheel.  

 

 Santos et al (2006) studied power converters and controls for electric traction, and 

discussed solutions in this paper during development. Focus was on strategy and 

configuration issues of the power converter (controller), protection and control of the power 

train. The study vehicle used 11 KW - 48 V DC motor. Because this motor requires a high 



7 

 

current value of about 200A, it was important to consider stability issues in the proposed 

architecture. DC-DC power converters have been discussed in detail to achieve energy 

conservation and low power consumption according to motor operation requirements in 

forward and reverse operation of the vehicle. This paper describes the reason for the need / 

importance of the variable output current control of the converter rather than the voltage 

control under the intuitive correlation of throttle control and torque. ICE guarantees the 

protection and safety of motors, controllers, and several electrical and mechanical 

components. The current control method, especially the sliding mode control, was discussed.  

 

 Chetan Kumaar Maini (2005) pointed out in his paper the potential need for the 

design and development of a globally competitive compact electric concept vehicle for India 

and concluded that EVs are the best solution to reduce urban pollution and a significant 

social and economic benefit and will result in the implementation of EVs and HEVs. The 

report also describes the role of governments and communities around the world in 

promoting and accelerating EV programs.  

 

 Marinescu et al., (2010) FISITA F 2010 A-089 presented aspects of a diesel 

electric hybrid concept car. The diesel powertrain is mounted in a classical position on the 

front side and the powertrain is mounted on the rear side. Performance tests of prototype 

vehicles with electric power units and diesel powertrain, a four-wheel drive concept, have 

not yet been performed in the laboratory.  

 

 The proposed model-based integrated power transfer control for energy 

management and emission management for reduced hazardous tailpipe emissions and 

reduced operational emissions of hybrid electric vehicles is presented in this paper. Kessels 

et al. (2010) FISITA SF 2010 A-096 the cost of the vehicle was considered important. This 

case study is presented for a heavy-duty hybrid electric vehicle equipped with SCR-deNOx, 

and until the time temperature of the system after treatment is low, the proposed control 

system focuses on emissions management and the subsequent treatment system is hot 

enough Energy management will take the place of control. The results demonstrate a trade-

off between operating costs and emissions derived from the proposed integrated powertrain 

control.  
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 Carlson et al (2008) conducted dependence studies by evaluating differences in fuel 

averages for two models of hybrid electric vehicles at previously defined urban driving 

routes at wide ambient temperatures (-14 ° C to 31 ° C) At ambient temperature. Given the 

fuel mileage provided by HEV, performance changes for low and high temperature effects 

on HEV operational efficiency have been investigated for roads in pre-defined cities on the 

road compared to existing vehicle technology. The results showed that battery power control 

limits and engine operation vary dramatically with temperature.  

 

 Chau et al. (2002) dealt with various aspects of the vehicle in order to derive 

maximum fuel economy, minimum emissions, minimum system cost and excellent driving 

performance. In this paper author focused on power management strategies for drive trains. 

Power flow control for various HEVs is also elaborated.  

 

 Uzunoglu et al. (2007) in his paper describe the design and modeling of fuel cell / 

ultra-capacitor (FC / UC) based hybrid vehicle power systems, as well as the development of 

power flow control strategies, simulation models. FC supplied basic power and UC supplied 

additional power during peak power demand or load switching. To develop a fairly accurate 

model to overcome the FC-related difficulties, we have explored large, very complex and 

costly FC technology systems to improve system efficiency for vehicle applications using 

proton exchange membrane fuel cells (PEMFCs). Attempts have been made to develop 

model / executable options that can supply power under transient operating conditions such 

as start-up, sudden load change and acceleration.  

 

 Ahluwalia et al. (2005) noted that the standard US drive cycle used for fuel 

consumption works at 20% of the rated output of the engine. He said the fuel cell is more 

efficient at partial load than rated load. The authors have been working to evaluate the 

feasibility of FCEV fuel economy improvement by direct hydrogen compression FC system 

as an energy conversion device and Hybridization of energy storage system (ESS) of lithium 

ion battery pack and sedan vehicle in other drive Hybridization degree DOH). 
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CHAPTER-3 

METHODOLOGY 

 To fabricate the model it all begins with a systematic plan where the fabrication is 

of a seven steps of solving process. The steps are as follows: 

 

ANALYSING THE RESEARCH PAPERS: 

 Collect all the relevant data about the problems and the research programs which 

are happening around and the outcomes of them and evaluate them by comparing with the 

other research programs where to sort out the demerits of the conventional types of braking 

systems in a more effective. 

 

SELECTION OF THE ELECTROMAGNETIC BRAKES TO OVERCOME THE 

PROBLEMS: 

 Selection of the electromagnetic braking system is to minimize the problems which 

normally occur in the conventional type of braking system where to overcome some 

problems like efficiency, maintaining parameters, safety. Hence to overcome these problems 

the electromagnetic braking system is been selected for the further process. 

 

ANALYSIS OF THE ELECTROMAGNETIC BRAKING SYSTEM: 

 To study and analyze about the system where by focusing on to the working 

principle and the fabrication materials and design required for the model to be done and even 

a study towards the functioning of the braking system according to the design planned. 

 

PREPERATION OF DESIGN: 

 In this step it is more concentrated on to the design part where looking on to several 

alternatives of designs according to the installation specifications as planned in the previous 

steps. 
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FABRICATION: 

 In this step the process consist of working on to the chosen design and approach 

into the reality. The model is then fabricated as per the specifications given and check if all 

the mechanisms work perfectly. 

 

Fig 3.1: Fabricated model 

TESTING: 

 The model is tested to check if it meets all the objectives and the model is again 

made to test whether there has to be done any improvement or any modifications to it. After 

the test is done completely the model is then made to implement. 

Basically, this project was to study and analyze electromagnetic braking 

system as a secondary measure for the hydraulic braking system. First, the base for the 

electromagnets and the stand for fitting the wheel are made. Then, a wheel is made 

and attached to the spook whereas the spook is attached to the stand by the help of 

bearings. 

 An electromagnet is made by winding the copper wire with the cylindrical 

body and attached to its base. Furthermore, a U shaped metal rod is welded with a L 

shaped metal bar forming a brake shoe and then its end are rest inside the 

electromagnet. Also a fan is also attached to motor and the motor is attached to the 

base. So the electromagnet and the motors of wheel and fan are circuited to an external 

battery and by turning it on, they work respectively. 
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3.1 THEORETICAL / CONCEPTUAL FRAMEWORK 

Our model is divided mainly into two different units; 

1. Driving Unit. 

2. Braking Unit. 

Driving Unit: 

Electric Motor 

An Electric motor is an electrical device that converts electrical energy into 

mechanical energy. In normal motoring mode, most electric motors operate through 

the interaction between an electric motor's magnetic field and winding currents to 

generate force within the motor. Electric motors may be classified by electric power 

source type, internal construction, application, type of motion output, and so on. 

 

 
 

Fig 3.2: Electric DC motor 

Wheel 

Wheel gets in motion with the help of running motor. Both motor and wheel is 

connected with the help of connecting chain and chain ring. 
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Power control 

This division consists of power supply to whole system and a separate power 

control system to control the motion of motion. 

1. Braking Unit 

Electromagnet 

An electromagnet is a type of magnet in which the magnetic fields produced by 

an electric current .The magnetic field disappears when the current is turned off. 

Electromagnets usually consist of insulated wire wound into a coil. A current 

through the wire creates a magnetic field which is concentrated in the hole in the 

center of the coil. The wire turns are often wound around a magnetic core. 

Brake Shoe 

It is part that will stop the main wheel when the electromagnet is turned on.  

Other parts 

Spring: 

A coil spring, also known as a helical spring, is a mechanical device which is 

typically used to store energy and subsequently release it, to absorb shock, or to 

maintain a force between contacting surfaces. : Two compression springs are used to 

push back the brake shoe back in its position. 

 

Fig 3.3: Spring 
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Bearing: 

The purpose of Ball Bearing is to reduce rotational friction and support radial 

and axial loads. In this project 608 2RS type of bearing is used. 

 

Fig 3.4: Bearing 

3.2 WORKING MECHANISM 

 

             Fig 3.5: Flowchart of the working mechanism 

3.3 USED DEVICES 

Capacitor:- 

A capacitor is a passive two terminal electrical component used to store 

electrical energy temporarily in an electric field. The forms of practical capacitors 

vary widely, but all contain at least two electrical conductors (plates) separated by a 

dielectric (i.e. an insulator that can store energy by becoming polarized). The 

conductors can be thin films, foils or sintered beads of metal or conductive electrolyte, 
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etc. The non-conducting dielectric acts to increase the capacitor's charge capacity. 

Materials commonly used as dielectrics include glass, ceramic, plastic film, air, 

vacuum, paper, mica, and oxide layers. Capacitors are widely used as parts of 

electrical circuits in many common electrical devices. 

 

Fig 3.6: Capacitor 

DC motor 

DC motor is any of a class of electrical machines that converts direct current 

electrical power into mechanical power. The most common types rely on the forces 

produced by magnetic fields. Nearly all types of DC motors have some internal 

mechanism, either electromechanical or electronic, to periodically change the 

direction of current flow in part of the motor. 

 
Fig 3.7: DC Motor 

Diode 

In electronics, a diode is a two terminal electronic component that conducts 

primarily in one direction (asymmetric conductance). It has low (ideally zero) 

resistance to the flow of current in one direction, and high (ideally infinite) resistance 

in the other. A semiconductor diode, the most common type today, is a crystalline 

piece of semiconductor material with a p–n junction connected to two electrical 



15 

 

terminals. A vacuum tube diode has two electrodes, a plate (anode) and a heated 

cathode. Semiconductor diodes were the first semiconductor electronic devices. 

 
 

Fig 3.8:  Diode 

Resistor 

A resistor is a passive two terminal electrical component that implements 

electrical resistance as a circuit element. Resistors act to reduce current flow, and, at 

the same time, act to lower voltage levels within circuits. In electronic circuits, 

resistors are used to limit current flow, to adjust signal levels, bias  active elements, 

and terminate transmission lines among other uses. 

 
Fig 3.9:  Resistor 

Transformer 

Transformer is an electrical device that transfers electrical energy between two 

or more circuits through electromagnetic induction Electromagnetic induction 

produces an electromotive force within a conductor which is eposed to time varying 

magnetic fields Transformers are used to increase or decrease the alternating voltages 

in electric power applications varying current in the transformer primary winding 

creates a varying magnetic flu in the transformer core and a varying field impinging 

on the transformers secondary winding This varying magnetic field at the secondary 

winding induces a varying electromotive force E or voltage in the secondary winding 
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due to electromagnetic induction Making use of faradays law discovered in in 

conduction with high magnetic permeability core properties transformers can be 

designed to change efficiently C voltages from one voltage level to another within 

power networks. 

 
 

Fig 3.10: Transformer 

Ferromagnetism 

Ferromagnetism is the basic mechanism by which certain materials (such as 

iron) form permanent magnets, or are attracted to magnets. In physics, several 

different types of magnetism are distinguished. Ferromagnetism (including 

ferromagnetisms) is the strongest type: it is the only one that typically creates forces 

strong enough to be felt, and is responsible for the common phenomena of magnetism 

in magnets encountered in everyday life. Substances respond weakly to magnetic 

fields with three other types of magnetism, paramagnetic, diamagnetism, and 

antiferromagnetic, but the forces are usually so weak that they can only be detected by 

sensitive instruments in a laboratory. An everyday example of ferromagnetism is a 

refrigerator magnet used to hold notes on a refrigerator door 

 

Fig 3.11: Ferromagnetism 
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CHAPTER-4 

WORKING OF THE MODEL 

The model works with the principle of electromagnetic field where the wheel is 

made to run at a speed with the help of a motor or manually, when the wheel is at a 

certain speed or rpm the power provided to it is released and the wheel is on the free 

movement it is then the brakes are applied where the two electromagnets are mounted 

close the disc and an air gap is maintained between the disc and the electromagnet of 

0.5mm. The electromagnets gets engaged only when there is a supply of DC power to 

it, but before that the model is been automated with a regulator, relay and a RF 

channel controller. Where the regulator generates a fixed output voltage from the 

supply and to regulate one or more voltages, whereas the relays are the switches that 

opens and closes the circuit by electrically or electromechanically and they control the 

circuit by opening and closing contacts in another circuit. The RF channel is the 

device used to switching on and off of the application by means of a remote controller 

where by transmitting the signal to the relay and the operation is performed 

accordingly. 

The automated set up is connected to the power supply where then the circuit is 

connected to the electromagnets so that the automation can be done easily. When the 

wheel is rotating at a certain revolutions for a period of time the wheel is made to 

retard or stop with the help of the electromagnets by the help of the electromagnetic 

field, where the setup is operated by controlling the RF channel remote control where 

the rotating wheel can be stopped by controlling the RF controller where the controller 

transmits the signal to the relay where the relay is then activates the circuit and then it 

directly activates the electromagnets where the electromagnets tends to stop the wheel 

by applying the force to the disk and hence the wheel is made to stop in fraction of 

seconds and the controller is disengaged where then the automated setup disengages 

the electromagnets and then the wheel and the disk connected to it is left free. Thus 

the amount of retardation in the wheel is made to slow down or stop in an efficient 

way. 
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Fig 4.1 Working Principle 

 

4.1 COMPONENTS USED 
 

The electromagnetic braking system is one kind of a technological revolution where 

the prototype model of it shows a closer look to its design where the model consists of 

 Wheel 

 Disk 

 Electromagnets 

 Frame 

 Automated circuit 

 Battery 

Wheel: 

The wheel is a circular component that rotates on an axle bearing where it is one of 

the key components of the braking system with a radius of 90cm. 

Disk: 

One of the main key components in the braking system is the disk where it is 

attached to the wheel and transfers the retardation force to the wheel as well. The disk is 

the component where it receives retardation force and produces opposing torque force 

which is having a diameter of 26cm. 
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Electromagnet 

Since the name itself says “Electromagnetic braking system” and the main 

component required is the electromagnet, whereas the e.m.f. rule states that the metal is 

completely winded and it is been enclosed so that it can be ready to use anytime. When the 

current is passed the coils inside are excited and the magnetic field is produced from the 

electromagnet. The electromagnets works in the base of induction. Where the process 

induction causes electrical field to produce magnetic field thus the electromagnet uses the 

source of power from the electrical field into the magnetic field. The strength of the 

magnetic field from the magnet is a static property of the electromagnet. Hence the 

electromagnet works by a source of power which a magnet naturally produces. 

Automated circuit: 

The automated circuit board is one important component in the system where it 

connects the mechanical components electrically to perform the action. Where the circuit 

consists of 

 Regulator 

 Relay 

 RF channel 

7805 Regulator:  

Regulator is a device that controls and regulates the voltage and the power supplied 

to the circuit where the amount of supply of voltage to the other automated relays is 

controlled by the regulator. Thus the sources in a circuit may have fluctuations resulting in 

not providing fixed voltage output. The voltage regulator IC maintains the output voltage at 

a constant value. 7805 regulator is a member of 78xx series of fixed linear voltage regulators 

which is used to maintain such fluctuations and it is a popular voltage regulator integrated 

circuit. 
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Fig 4.2: Regulator 

Relay 

Relays are the switches that open and close the circuit by electrically or 

electromechanically, they control the circuit by engaging and disengaging and even the 

contacts between another circuit. The Relay Contact is closed and the AC Mains circuit 

gets a closed path and the Bulb glows. Thus a Relay is DC operated but controls AC. The 

electro-mechanical relay is an output device (actuator) which comes in different shapes, 

sizes and designs, and they have many uses and applications in electronic circuits. But 

when the electrical relays can be used for low power electronic or computer type circuits 

to switch relatively high currents or voltages both “ON” or “OFF” some form of relay 

switch circuit is required to control it. 

 

 

Fig 4.3: Relay 
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RF channel controller:  

The RF channel is a device which is used to switching ON and OFF of the system. 

Where the RF controller is a small electronic device used to transmit and receive radio 

signals between two devices. RF controllers are usually subject to regulatory uses just 

like the controlling the actuation. 

 

Fig 4.4: RF channel controller 

Frame: 

The frame is the structural system which supports components of the physical 

construction such as the axel, wheel, clamps connecting the electromagnet and the 

automated circuit board holder. Vertical steel columns and horizontal beams, constructed 

in a rectangular grid that even balances the vibrations which is occurred by the movement 

of the wheel and even the ability to handle the stopping force of the wheel by the 

electromagnets. 

Battery: 

Battery is a device that converts chemical energy directly to electrical energy where 

it is used to power up the whole system especially to the circuits. It consists of a number 

of voltaic cells; each voltaic cell consists of two half cells connected in series by a 

conductive electrolyte containing anions and cations. 

 

 

 

 



22 

 

CHAPTER-5 

 

RESULT AND DISCUSSION 

 

As a result of this Electromagnetic Braking system, the function of each part is 

working well and the whole system is successfully accomplished. According to the 

simulation results, the controller performance is satisfactory. The wheel slip is kept in the 

appropriate range and brake torque is controlled to adapt to the new road surface quickly 

whenever the road surface changes. The application and control of Electromagnetic 

brakes should be integrated with the design of vehicles and their friction braking systems 

so that an ideal match of the complementary benefits of both systems might be obtained to 

increase safety to a maximum extent while reducing vehicle operating costs to the 

minimum. 

 

5.1 RESULT AND DISCUSSION 

 

 Area of the Electromagnet = 12.4 m 

 Current & Voltage supplied (I/V) = 7amp/230volts. 

 Length of electromagnet (L) =90 mm. 

Let the plate & wheel assembly maximum weight is to be consider approx. 2kg. 

which is 19.62N so that will be 

 
F is the force in Newton. 

B is the magnetic field in teslas. 

A is the area of the pole faces in square meters. 

μ is the permeability of free space. 

In the case of free space (air) 
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                                                               19.62 = B2 (12.4) 

                                                               19.62 = B
2
 (12.4) / 2 x 4π x 10

-7 

                                                      B = 0.00199 wb/m
2
 

 

5.2 TOTAL MAGNETIC FLUX IN CORE: 
Ø = B ×A 

Ø = 0.00199×12.4 

Ø = 0.0246 wb. 

 

5.3 THE MAGNETIZING FORCE: 
H = B/μ = 0.00199/4π×10^-7 

= 1583.59 AT/m. 

For air gap of 0.5 mm magnetic force is given by between magnet & plate. 

AT = H×L = 1583.59×90×10^-3 

= 142.52 AT 

To find the power of electromagnet which is manually constructed 

Assuming N = number of turns in the electromagnetic = 800 

F= (NxI)
2
 μa / (2xg) 

g = air gap between electromagnet & plate 

F= (8x1)
2 
4πx10

-7
 x0.00199 / (2x0.5)

2
 

F= 16.045N for each electromagnet 

 

TABLE 5 .1 LIST OF ELECTROMAGNETS ACCORDING TO THEIR SIZE AND 

POWER 

 

NUMBER SIZE(mm) RATED POWER(W) 
ADHESIVE 

FORCE(N) 

4340105 25 25 100 7 600 

4340110 35 40 100 9 850 

4340120 35 40 150 11 1650 

4342125 35 40 200 13 2300 

4343135 35 40 300 19 4000 

4344145 50 60 400 28 8400 

4345155 35 40 500 40 6000 

4346165 35 40 600 46 6600 

4347175 35 40 700 54 7700 
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If the model is driven by the motor then the calculation will be as follows 

Assuming, 

Single phase AC motor. 

Power = 12v/5A=60 watt. 

Speed= 0-8600 rpm (variable). 

Motor Torque 

P = 2 П N T/ 60 

T = 60 x 60/ 2 П x 8600 

T = 0.066 N-m 

For constant speed at taking 2000 rpm 

r= radius of wheel 

V= r ὡ 

V= 0.9×2πn/60 

V=0.9×2π×2000/60 

V= 188.4 m/s  

According to newton‟s law of motion 

V= u+at 

a= (v-u)/t 

Where the initial velocity of the wheel u=188.4 m/s and final velocity v=0 

Therefore a= (0-188.4)/1 = -188.4 m/s^2 

a= (0-188.4)/3 = -62.8 m/s^2 

RESULT: 

Hence the deceleration of the electromagnetic braking system takes place according to the braking 

time. 

5.4 PERFORMANCE TESTING OF THE MODEL WHEN POWERED 

BY A MANUAL METHOD 

For constant speed at taking 200 rpm 

r= radius of wheel 

V= r ὡ 

= 0.9×2πn/60 

=0.9×2π×200/60 

V= 18.8 m/s 

According to newton‟s law of motion 

V= u+at 

a= (v-u)/t 

Where the initial velocity of the wheel u=188.4 m/s and final velocity v=0 

Therefore a= (0-18.8)/1 = -18.8 m/s^2 

a= (0-18.8)/3 = -6.2 m/s^2 
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RESULT: 

 

Hence the deceleration of the electromagnetic braking system by using manual method takes place 

according to the braking time. 
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CHAPTER-6 

 

ADVANTAGES, DISADVANTAGES AND APPLICATIONS 

 

6.1 ADVANTAGES 

 Problems of drum distortion at widely varying temperatures. 

 Which is common for friction-brake drums to exceed 500 °C surface 

temperatures when subject to heavy braking demands, and at temperatures 

of this order, a reduction in the coefficient of friction.  

 This is reduced significantly in electromagnetic disk brake systems. 

 Potential hazard of tire deterioration and bursts due to friction is 

eliminated. 

 There is no need to change brake oils regularly. 

 There is no oil leakage. 

 The practical location of the retarder within the vehicle prevents the direct 

impingement of air on the retarder Caused by the motion of the vehicle. 

 The retarders help to extend the life span of the regular brakes and keep the 

regular brakes cool for emergency situation. 

 The electromagnetic brakes have excellent heat dissipation efficiency 

owing to the high temperature of the surface of the disc which is being 

cooled. 

 Due to its special mounting location and heat dissipation mechanism, 

electromagnetic brakes have better thermal dynamic performance than 

regular friction brakes. 

 Burnishing is the wearing or mating of opposing surfaces .This is reduced 

significantly here.  

 In the future, there may be shortage of crude oil; hence by-products such as 

brake oils will be in much demand. EMBs will overcome this problem. 

 Electromagnetic brake systems will reduce maintenance cost. 



27 

 

 The problem of brake fluid vaporization and freezing is eliminated. 

 Electric actuation, no fluid. 

 Easier integration with anti-lock, traction, and dynamic stability controls. 

 Easy individual wheel braking control. 

6.2 DISADVANTAGES 

 Failure to act as a holding device. 

 Usage of electric power for braking. 

 Less effective under very low velocities. 

 The installation of an electromagnetic brake is very difficult. 

 Not enough space between the gearbox and the rear axle. 

 Need a separate compressor. 

 Maintenance of the equipment components such as hoses, valves has to 

done periodically. 

 It cannot use grease or oil. 

 

6.3 APPLICATIONS 

 Electromagnetic brakes were before used in the application of locomotives 

where the set up was a drum brake which is totally different from the 

present designs and works on the same principle and it is well used in the 

present high speed electric trains. 

 The electromagnetic braking system is not only used in automobiles it is 

even used in the industrial fields where to retard or slow down the moving 

parts which is not efficiently performed by the other conventional methods. 

 Now a days these types of braking systems are used in the field of 

motorsports where it is more responsive and effective and it is been used in 

cars like Mclaren P1, La Ferrari. 
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 Where the electromagnetic brakes are even used as clutches in other fields 

where they have a high holding power to the other components which will 

be easier to transfer the work. 

 The electromagnetic braking system is even used in the industrial robotic 

applications where the requirement of pausing the actions. 

 This type of braking system is even used in the recreational purposes 

where an example of the climbing devices where the rope gets locked at a 

particular height with the help of the electromagnetic braking inside. 
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CHAPTER-7 

 

CONCLUSION AND FUTURE SCOPE 

 

7.1 CONCLUSION 

The Electromagnetic braking system is found to be more reliable as compared to 

other braking systems. In addition, it is found that electromagnetic brakes make up 

approximately 80% of all of the power applied brake applications. Electromagnetic brakes 

have been used as supplementary retardation equipment in addition to the regular friction 

of the brakes. This enhanced braking system not only helps in effective braking but also 

helps in avoiding the accidents and reducing the frequency of accidents to a minimum. 

Furthermore the electromagnetic brakes prevent the danger that can arise from the 

prolonged use of brake beyond their capability to dissipate heat. ABS usage can be 

neglected by simply using a micro controlled electromagnetic disk brake system. For the 

brake distribution of the electromagnetic braking system, the abrasion, noise, harmful 

friction dust, and the risk of thermal failure in braking system were reduced obviously. 

These electromagnetic brakes can be used in wet conditions which eliminate the anti-

skidding equipment, and cost of these brake are cheaper than the other types. The concept 

designed by us is just a prototype and needs to be developed more. It can not only be used 

in the field of automotives but also in the field of aeronautics. Hence the electromagnetic 

braking system can be a better technological revolution in the future application. 

 

7.2 SCOPE FOR FUTURE WORK 

Since the electromagnetic braking system is used for few applications, looking on 

to the future uses this method can be implemented for the safety purposes in our daily life 

where by applying it on to the automobiles we can reduce the amount of road accidents 

which sometimes takes place at several zones like school zone, traffic signals, pedestrian 

crossing zones etc.. This can be achieved by automizing the set up and installing a sensor 

to the automobile where by installing transmitting sensor to the safety zones with a 

particular range. When an automobile is moving at a speed of assuming 100km/hr and 

when it comes near the range of the safe zones the sensor form the safe zones emits and 

hits with the sensing element which is installed in the automobile at a desired range, when 
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the sensing waves comes in contact the sensor gets enabled and transmits the signal to the 

automated circuit where then the brakes are electrically supplied and activated the 

automobile is gradually slowed down from a range of 100km/hr to 40km/hr and then 

brought to a static movement after that when it is at the safety mark. Hence the 

electromagnetic braking system can be used in future for the automobile sector in concern 

of the safety use in day to day life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 

 

CHAPTER-8 

BIBLIOGRAPHY 

1. Andreen, J.H., Gibson, J.W. and Wetmore, O.C., 1953. Fabric evaluations based 

on physiological measurements of comfort. Textile Research Journal, 23(1), 

pp.11-22. 

2. Totala, N.B., Bhosle, P., Jarhad, S., Jadhav, S. and Kuchekar, K., 2015, April. 

Electromagnetic Braking System. In National Conference on Innovations in Me-

chanical Engineering (Vol. 6, p. 8). 

3. Yadav, Y.K., Shah, A.K., Yadav, J.K. and Patel, J.P., 2018. Electromagnetic 

Braking System. 

4. HOLT, A., 1986, June. Electromagnetic braking for Mars spacecraft. In 22nd Joint 

Propulsion Conference (p. 1588). 

5. Prajapati, K., Vibhandik, R., Baria, D., Patel, Y. and Detail, I.G., 2017. ELEC-

TROMAGNETIC BRAKING SYSTEM. International Journal of Scientific Re-

search in Engineering, 1(3). 

6. Patel, S., Patel, M., Patel, A., Sanghani, C., Patel, D., Patel, S.K., Patel, M.K., Pa-

tel, A.R., Sanghani, C.D. and Patel, D., 2015. Development of the Electro- Mag-

netic Brake. International Journal, 1, pp.485- 492. 

7. Flemming, Frank; Shapiro, Jessica (July 7, 2009). “Basics of Electromagnetic 

Brakes” .machine design: pp. 57–58. 

8. Auguston, Karen; Flemming, Frank (September 1999).    "Floating    Armature-

Speeds    Response" .Global Design News: pp. 46–47. 

 

 



i 

 

A Project Report on 

Design and Fabrication of Gearless Power 

Transmission  
Submitted in partial fulfillment of the requirement for the award of the Degree of   

 

BACHELOR OF TECHNOLOGY 

  

 To  

 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY ANANTAPUR, 

ANANTHAPURAMU 

 

By 

 

                        KATIKA ALLAH BAKASH 17AT1A0303 

SYED AALE RASOOL    17AT1A0301 

MADANAKANTI SAI KIRAN 17AT1A0336 

GELLELA GANESH REDDY 18AT5A0306 

SHAIK MOHAMED SAIF   17AT1A0318 

 

Under the Guidance of 

Mr. S. JAVEED M. Tech (Ph.D.) 

Assistant Professor 

 

 
 

DEPARTMENT OF MECHANICAL ENGINEERING 

G.PULLAIAH COLLEGE OF ENGINEERING AND TECHNOLOGY 
 Accredited by NAAC with ‘A’ Grade, Accredited by NBA( CSE,ECE & EEE) 

Approved by AICTE, New Delhi & Permanently Affiliated to JNTUA Ananthapuramu 

Recognized by UGC under 2(f) &12(B), An ISO 9001:2008 Certified Institute 

Nandikotkur Road, Kurnool, A.P-518452. 

www.gpcet.ac.in 



ii 

 

G.PULLAIAH COLLEGE OF ENGINEERING AND TECHNOLOGY 
Accredited by NAAC with ‘A’ Grade, Accredited by NBA( CSE,ECE & EEE) 

Approved by AICTE, New Delhi & Permanently Affiliated to JNTUA Ananthapuramu 

Recognized by UGC under 2(f) &12(B), An ISO 9001:2008 Certified Institute 

Nandikotkur Road, Kurnool, A.P-518452. 

www.gpcet.ac.in 
2017-2021 

 

DEPARTMENT OF MECHANICAL ENGINEERING 
 

 

CERTIFICATE 

This is to certify that the project report entitled “Design and Fabrication of Gearless Power 

Transmission” being submitted in partial fulfillment of the requirement for the award of the 

degree of Bachelor of Technology in Mechanical Engineering to Jawaharlal Nehru Technological 

University Anantapur, Ananthapuramu is a record of bonafide work carried out by them under my 

guidance and supervision. 

The results embodied in this project report have not been submitted to any other university 

or institute for the award of any Degree or Diploma. 

  

                        KATIKA ALLAH BAKASH 17AT1A0303 

SYED AALE RASOOL    17AT1A0301 

MADANAKANTI SAI KIRAN 17AT1A0336 

GELLELA GANESH REDDY 18AT5A0306 

                        SHAIK MOHAMED SAIF   17AT1A0318 

 
S. Javeed M.Tech., (Ph.D)        S. Javeed M.Tech., (Ph.D)  

Assistant Professor           Assistant Professor 

&Project Supervisor                Head of the Department 

           

Date of Viva-Voce___________ 

 

 

 

INTERNAL EXAMINER                                       EXTERNAL EXAMINER 

http://www.gpcet.ac.in/


iii 

 

ACKNOWLEDGEMENT 

 

We would like to express our deep sense of gratitude and our sincere thanks to our project 

supervisor S. Javeed MTech., (Ph.D.) for his guidance, valuable suggestions and support in the 

completion of the project successfully on time. 

 

We also thank our HOD S. Javeed MTech., (Ph.D.) Department of Mechanical Engineering, G. 

Pullaiah College of Engineering and Technology, Kurnool for his encouragement towards the 

completion of the project work.  

 

We owe indebtedness to our principal Dr. C. Srinivasa Rao, M.E., Ph.D. G. Pullaiah College of 

Engineering and Technology, Kurnool for providing us the required facilities. 

 

We are extremely grateful to our Chairman, Mr. G. V. M. Mohan Kumar, of G. Pullaiah 

College of Engineering and Technology, Kurnool, Andhra Pradesh for providing the necessary 

facilities. 

We also express our sincere thanks to Mr. N. Govinda Rao,   Professor & Department project 

Coordinator for his moral support during the project.   

 

We gratefully acknowledge and express our thanks to teaching and non-teaching staff of 

Mechanical Engineering Department. 

 

We would like to express our love and affection to our parents for their encouragement 

throughout this project work. 

 

KATIKA ALLAH BAKASH 17AT1A0303 

                                           SYED AALE RASOOL           17AT1A0301 

       MADANAKANTI SAI KIRAN       17AT1A0336 

       GELLELA GANESH REDDY        18AT5A0306 

       SHAIK MOHAMED SAIF            17AT1A0318 

 

 



iv 

 

G.PULLAIAH COLLEGE OF ENGINEERING AND TECHNOLOGY 
Accredited by NAAC with ‘A’ Grade, Accredited by NBA( CSE,ECE & EEE) 

Approved by AICTE, New Delhi & Permanently Affiliated to JNTUA Ananthapuramu 

Recognized by UGC under 2(f) &12(B), An ISO 9001:2008 Certified Institute 

Nandikotkur Road, Kurnool, A.P-518452. 

www.gpcet.ac.in 

 
2017-2021 

 
 

 

 

DECLARATION  

 

We here by declare that the main project report entitled “Design and Fabrication of 

Gearless Power Transmission”, under the guidance of S. Javeed M.Tech., (Ph.D.)  submitted in partial 

fulfillment of the requirement for the main project. This is bone fide work carried out by us and 

the results embodied in this project report have not been reproduced (or) copied from any source 

and not submitted to any other university or Institution for the award of any other Degree or 

diploma 

 

 

                        KATIKA ALLAH BAKASH 17AT1A0303 

SYED AALE RASOOL    17AT1A0301 

MADANAKANTI SAI KIRAN 17AT1A0336 

GELLELA GANESH REDDY 18AT5A0306 

SHAIK MOHAMED SAIF   17AT1A0318 

 

 

 



v 

 

ABSTRACT 

This project gives information about the Strength, Speed, Torque Transmissibility of 

Elbow mechanism as this are very much important terms in defining applications of the 

mechanism in replacement of gears. Computation of various parameters like Number of pins, 

Material used, Dimensional difference of elements, Speed, Torque. 

 This project represents real time study of gearless transmission mechanism. Today’s 

world requires speed on each and every field. Hence rapidness and quick working is the most 

important. Now days for achieving rapidness, various machines and equipment are 

manufactured by man. The Fabrication model analysis of the hub dimension and focus on speed 

of rotating object is being presented in this paper. The project Gearless Transmission is being 

compact and portable equipment, which is skillful and is having something precise in 

transmitting power at right angle without any gears being manufactured. 
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CHAPTER 1 

INTRODUCTION 

Today’s world requires speed on each and every field. Hence rapidness and quick 

working is the most important. Now a days for achieving rapidness, various machines and 

equipment’s are manufactured by man. Engineer is constantly conformed to the challenges of 

bringing ideas and design in to reality. 

New machine and techniques are being developed continuously to manufacture various 

products at cheaper rates and high quality. The project “GEARLESS POWER 

TRANSMISSION” being compact and portable equipment, which is skillful and is having 

something practice in the transmitting power at right angle without any gears being 

manufactured. This project gives us knowledge, experience, skill and new ideas of the 

manufacturing. It is a working project and having guarantee of the success.  

El-bow mechanism is an ingenious link mechanism of slider and kinematic chain 

principle. This is also called as “gearless transmission mechanism” this mechanism is very 

useful for transmitting motion at right angles. However in certain industrial application 

“gearless transmission at right angle” can also work at obtuse or accurate angle plane can be 

compared to worm and worm gear or bevel and pinion gear which are invariably used in the 

industry for numerous application. The main feature for mechanism comparatively high 

efficiency between the input and the output power shafts with regards to the gear efficiencies 

The El-bow Mechanism transmits the I/P power towards the O/P side such away that 

the angular Forces produced in the slacks are simply transmitted with the help of pins which 

takes up the I/P power and the right angle drive is transferred towards the O/P slack and pin 

assembly. Hence very little friction plays while the power is being transmitted; the Hunting 

and back lash are absent. Therefore, it is appreciated that efficiency as high as 90-92% are 

possible in gear less transmission mechanism. 
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The first application of this mechanism was made use of the “Big Ben Clock” having 

four dials on the tower of London. This clock was installed sometime between 1630-1635 AD 

and still it is functioning in good condition. 

 
Figure 1: Concept Drawing of Machine 
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Figure 2: Working model of Gearless Transmission 
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1.1 WORKING 

The Gearless transmission or El-bow mechanism is a device for transmitting motions 

at any fixed angle between the driving and driven shaft. The synthesis of this mechanism would 

reveal that it comprises of a number of pins would be between 3 to 8 the more the pins the 

smoother the operation. These pins slide inside hollow cylinders thus formatting a sliding pair. 

Our mechanism has 3 such sliding pairs. These cylinders are placed in a hollow pipe and are 

fastened at 120* to each other. This whole assembly is mounted on brackets wooden table. 

Power is supplied by an electric motor. 

The working of the mechanism is understood by the diagram. An unused form of 

transmission of power on shaft located at an angle. Motion is transmitted from driving to the 

driven shaft through the rods which are bent to conform to the angles between the shafts. These 

rods are located at the holes equally spaced around a circle and they are free to slide in & out 

as the shaft revolves. This type of drive is especially suitable where quite operation at high 

speed is essential but only recommended for high duty. The operation of this transmission will 

be apparent by the action of one rod during a revolution. If we assume that driving shaft “A” 

is revolving as indicated by arrow the driven shaft B will rotate counter clockwise. As shaft A 

turns through half revolution C shown in the inner and most effective driving position slides 

out of both shafts A & B. The first half revolution and rod “C” then will be at the top then 

during the remaining half this rod “C” slide in wards until it again reaches to inner most position 

shown in Fig. in the meanwhile the other rods have of course passed through the same cycle of 

movements all rods are successively sliding inwards and outwards. 

Although this transmission is an old one many mechanics are skeptical about its 

operation, however it is not only practicable but has proved satisfactory for various applications 

when the drive is for shafts which are permanently located at given angle. Although this 

illustration shows a right angle transmission this drive can be applied also to shafts located at 

intermediate angle between 0* and 90*.In making this transmission, it is essential to have the 

holes for a given rod located accurately in the same holes must be equally spaced in radial and 

circumferential directions, each rod should be bent to at angle at which the shaft are to be 

located. If the holes drilled in the ends of the shafts have “blind” or closed ends, there ought to 

be a small vent at the bottom of each rod hole for the escape of air compressed by the pumping 
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action of the rods. These holes are useful for oiling to avoid blind holes shafts may have 

enlarged port or shoulder. This transmission may be provided centrally and in line with the axis 

of each shaft and provided with a circular groove at each rod or a cross-pin to permit rotation 

of the shaft about the rod simply active as a  retaining device for shipping and handling 

purposed. 

1.2. APPLICATION 

The featured product has its widest application as an extension for a socket wrench. 

Here the design makes it easy to reach fasteners in the automotive and other mechanical 

industries, where direct access to bolts and screws is often limited. However, the possible 

applications for this technology extend into numerous fields. Just think of the possibilities for 

power transmission in push bikes, toys and hand-cranked equipment, or for movement 

transmission in store and outdoor signage. 

Driving for all kinds four faced tower clocks. The elbow mechanism was first used in 

the year 1685 for the famous London tower clock named big ben. 

The mechanism is invariable used for multiple spindle drilling operation called the gang 

drilling. 

➢ Used for angular drilling between 0 to 90 degree position. 

➢ Lubrication pump for C.N.C. lathe machines. 

➢ The mechanism is very useful for a reaching a drive at a clumsy location. 

➢ Air blower for electronic and computer machine’s. 

➢ The elbow mechanism is used for movement of periscope in submarines. 
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1.3. COMPARISON 

1.3.1 COMPARISON OF GEARED DRIVE WITH GEARLESS DRIVE 

The gearless drive is capable of transmitting motion at any fixed angle between 0* to 

90*. This desired effect is also possible with help of bevel gear. Gearless differ to a great extent 

not only in their manufacturing method or working principle but also in other aspects etc. the 

aspects have been discussed below: 

I) MANUFACTURING METHODS:- 

 Bevel gears, which are straight teeth or spiral teeth are manufactured on special 

purposes machines. These require large amount of calculation and every pair or set of gear are 

made together and there is no interchangeability. 

The gearless drive has this advantage that it can be machined and manufactured on 

conventional machines and it provide complete freedom of interchangeability. 

II) WORKING PRINCIPLE:- 

 A gear comprises of a frustum of a cone with teeth out on its periphery .The 

driving gear mounted on the input shaft meshes with the driven gear and thus provides motion 

at right angle to the input shaft. 

The working of the gearless drive has been explained in the earlier chapter and it 

obviously very different from the above. 

III) CAUSE OF FAILURE:- 

 Starting with the principle that failure id the result of the stress i.e. condition more 

severe than the material can with stand. The various type of failures such as pitting, corrosion, 

erosion, fatigue etc. Cause the wearing of the gear tooth resulting in the tooth leads to the 

replacement of the entire gear set, which is very expensive. 
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The effect of pitting, erosion, corrosion etc. will be present in the gearless drive also 

but the effect of these will be not be as severe as in the case of geared drive, failure will take 

place in the piston e.g...Either bending or crack of the pins, but the main advantage is that only 

particular pin will have to be replaced instead of case of failure. 

V) MATERIAL:- 

The material chosen for any component must  

➢ be easily available  

➢ be capable of  being processed in the desired emanations and  

➢ Have the necessary physical properties. The gears generally fail due to bending, 

fatigue and impact and the gears are also responsible for the failure of the 

components in the gears have to very carefully determined since it may lead to 

pitting. 

V) LUBRICATION AND COOLING:- 

 A few open gears drives are lubricated by grease but gear units are usually totally 

enclosed and oil lubricated. The arrangement for lubrication is simple and easy, since it 

requires only a leak proof housing in which the gears are placed and oil is filled. This 

lubricating also acts as cooling medium. The heat generated and it then spreads to other areas.  

In the gearless drive lubrication and cooling plays a very major role. The efficiency of 

the mechanism is affected by lubrication. Although the system of lubrication and cooling is 

complex and discussed in the next chapter but gives good result due to sliding contact between 

pins and cylinders, heat generated is more and thus effective cooling is a must. 

VI) TORQUE TRANSMITTUNG CAPACITY:- 

 The gear drive is capable of transmitting very high torque as compared to the 

gearless drive which is meant only for low torque applications. 
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VII) LIFE AND EFFICIENCY:- 

 Designed life represents the total period of operation, regardless of any variations 

of torque or speed, which may occur during that the time. The geared drive is capable of giving 

an efficiency of about 40%and certain errors like backlash, hunting etc... cannot be eliminated. 

In the gearless drive, although the life has not been calculated but it is assumed that its 

life will be in comparison to that of geared drive but its efficiency could be as high as 85% to 

92% with proper lubrication and cooling. 
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CHAPTER-2 

LITERATURE REVIEW 

2.1 SKEW SHAFT 

 The term “shaft” , used in this standards has a wide meaning and serves for specifications 

of all outer elements of the part , including those elements , which do not have cylindrical shapes 

And “skew” means non-parallel and non-intersecting so the shafts which are non-parallel and 

non-intersecting are known as skew shafts. 

 

2.2 CROSSED HELICAL GEARS 

 Helical or "dry fixed" gears offer a refinement over spur gears. The leading edges of the 

teeth are not parallel to the axis of rotation, but are set at an angle. Since the gear is curved, this 

angling causes the tooth shape to be a segment of a helix. Helical gears can be meshed in parallel 

or crossed orientations. The former refers to when the shafts are parallel to each other; this is the 

most common orientation. In the latter, the shafts are non-parallel, and in this configuration the 

gears are sometimes known as "skew gears". For a 'crossed' or 'skew' configuration, the gears 

must have the same pressure angle and normal pitch; however, the helix angle and handedness 

can be different. The relationship between the two shafts is actually defined by the helix angle(s) 

of the two shafts and the handedness, as defined: 

 

  for gears of the same handedness. 

 

  for gears of opposite handedness. 

 

 Where  is the helix angle for the gear & E is the angle between two shaft. The crossed 

configuration is less mechanically sound because there is only a point contact between the gears, 

whereas in the parallel configuration there is a line contact. 

 

 

 



10 

 

2.3 WORM GEARS 

 A worm drive is a gear arrangement in which a worm (which is a gear in the form of a 

screw) meshes with a worm gear (which is similar in appearance to a spur gear, and is also called 

a worm wheel). The terminology is often confused by imprecise use of the term worm gear to 

refer to the worm, the worm gear, or the worm drive as a unit. [Fig 2.2] 

Like other gear arrangements, a worm drive can reduce rotational speed or allow higher torque to 

be transmitted. 

Worm gears having three types, the first are non-throated worm gears. These don't have a throat, 

or groove, machined around the circumference of either the worm or worm wheel. The second 

are single-throated worm gears, in which the worm wheel is throated. The final type are double-

throated worm gears, which have both gears throated. This type of gearing can support the highest 

loading. An enveloping (hourglass) worm has one or more teeth and increases in diameter from 

its middle portion toward both ends [Figure 2.3]. 

Double-enveloping worm gearing comprises enveloping worms mated with fully enveloping 

worm gears. It is also known as globoid worm gearing. 

2.4 HYPOID GEARS 

 Hypoid gears resemble spiral bevel gears except the shaft axes do not intersect. The pitch 

surfaces appear conical but, to compensate for the offset shaft, are in fact hyperboloids of 

revolution. Hypoid gears are almost always designed to operate with shafts at 45 degrees. [Figure 

2.4 ] Depending on which side the shaft is offset to, relative to the angling of the teeth, contact 

between hypoid gear teeth may be even smoother and more gradual than with spiral bevel gear 

teeth, but also have a sliding action along the meshing teeth as it rotates and therefore usually 

require some of the most viscous types of gear oil to avoid it being extruded from the mating tooth 

faces, the oil is normally designated HP (for hypoid) followed by a number denoting the viscosity. 

Also, the pinion can be designed with fewer teeth than a spiral bevel pinion, with the result that 

gear ratios of 60:1 and higher are feasible using a single set of hypoid gears. This style of gear is 

most common in driving mechanical differentials, which are normally straight cut bevel gears, in 

motor vehicle axles. 

                                                                                                     Figure 2.1. Crossed Helical Gears 
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Figure 2.2. Worm Gears 

 

 

 

 

 

 

Figure 2.3. Forms of Worm Gears 

 

 

 

 

 

 

Figure 2.4. Hypoid Gears 
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CHAPTER 3 

METHODOLOGY 

3.1 COMPONENTS OF THE MODEL AND OPERATION 

In this section different views of the arrangement and the components used for 

arrangement are shown, which is necessary for understanding the proper working and setup of 

the arrangement. 

A. View of the Planes 

Here in the below diagram, planes are shown in the 3D, which helps us in the 

understanding of the mechanism and movement of shafts and link used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. View of the Planes 
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B. View of the Shafts 

Below diagram shows a different view of the shaft arrangement which are skew and 

angle between them is 45 degrees, which helps us in the understanding of the arrangement of 

shafts. In below figure (a) front view (b) side view (c) top view. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. View of the Shafts Arrangement 

 

 



14 

 

C. Views of Setup 

Different views of the setups are shown in Figure (a) Front view. (b) Side view (c) Top 

view. These views show the arrangement of links and shafts. 

 

 

 

 

Figure 3.3. Views of the Setup 

D. Views of the Pins 

Here different views of the pins according to the setup are shown (a) Front view (b) Side 

view (c) Top view. These pins are used for transmitting the power when there is no change in 

orientation of shafts during motion. 
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Figure 3.4. View 

of the Pin 

E. Type of SRRS Links Used 

The Links type used for providing the flexibility in motion of skew shafts is shown in 

Figure 3.5. (a ) SRRS link type 1. (b) SRRS link type 2. Here we introduced the two types of 

the link, for the ease of understanding of working with different type links. In further discussions 

we use these types as by the substitution of SRRS from the name of links , so keep in mind link 

type 1 at the place of SRRS link type 1&link type 2 at the place of SRRS link type 2. 
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Link type 1- In this link having two revolute pairs present and this link permit 

The constrained movement of both linked shafts in same plane during the motion as 

need. Link constrained as Let if the link 1 is in XZ plane along X axis – link 3 in YZ plane along 

Y axis then link 2 in XZ plane along Z axis and permit the rotation of link 2 in XZ plane About 

Y axis in clockwise direction about 180 degree rotation if viewed from top, such that the initial 

position of link 2 in XZ plane along –ve axis and after full rotation (180 degree in clockwise 

direction) final position of link is also in XZ plane along +ve Z axis. 

Link type 2- In this link also two revolute pairs present only the difference is that this 

link permit the constrained movement of shafts in the planes perpendicular to each other. Link 

constrained as Let if the link 1 is in XZ plane along X axis –link 3 in YZ plane along Y axis 

then link 2 in XZ plane along Z axis and permit the rotation of link 2 in YZ plane in clockwise 

direction about X axis with 270 degree rotation if viewed from second quadrant in YZ plane , 

such that the initial position of link 2 is between –ve Z axis and – ve Y axis (45 degree from 

both axis) in YZ plane and after full rotation (270 degree in clockwise direction) final position 

of link is between +ve Z axis and –ve Y axis in same plane (45 degree from both axis) .{ this 

link permit the more angular movement of link but for efficient power we use upper criteria} 
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Link type 1 

 

 

 

 

 

 

 

 

 

 

Link type 2 

F. Arrangement of Pins in Shaft 

 

In the below diagram for basic arrangement of pins in the shaft holes are shown. The 

diagram clearly shows that pins used are in odd no.3,5,7,9… and centers of any two pin holes 

must not be on that line which represent the diameter of the shaft and angle between all 

consecutive holes should be equal for smoother power transmission. Value of angle such that 

the its multiple with any integral not equal to 180 degrees. 

Let the Value of angle = x degree 
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Then n*x ≠ 180 degree. Where n is an integral value. 

As mentioned, Angle between the centers of any two pin holes must not be on that line 

which represent the diameter of the shaft because if this happen angle between them is 180 

degrees and during motion pins or links use are trying to overlap each other because of this 

motion interrupted. 

Also, as we mentioned that pins no. should be odd and angle between consecutive holes 

are equal so it can be easily understood by below table that why it is necessary. 

 

 

 

No. of Angle  between Is  value of  angle Value of 

pins consecutive with   any integral integral  

 hole(degree) equal to 180 degree   

2(even) 180 Yes  1  

3(odd) 120 No  

No 

integral  

4(even) 45 Yes  2  

5(odd) 72 No  

No 

integral  

6(even) 60 Yes  3  

7(odd) 51.43 No  

No 

integral  

8(even) 45 Yes  4  

9(odd) 40 No  

No 

integral  

In upper table it is seen that with any no. of pins other than odd there must be an integral 

whose multiplication with angle gives the value 180 degrees so only odd no. of pins used. 
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Figure 3.6. View of Shaft with Holes 
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CHAPTER 4 

SELECTION OF MATERIAL  

 

The proper selection of material for the different part of a machine is the main objective 

in the fabrication of machine. For a design engineer it is must that he be familiar with the effect, 

which the manufacturing process and heat treatment have on the properties of materials. The 

Choice of material for engineering purposes depends upon the following factors: 

➢ Availability of the materials. 

➢ Suitability of materials for the working condition in service. 

➢ The cost of materials. 

➢ Physical and chemical properties of material. 

➢ Mechanical properties of material. 

The mechanical properties of the metals are those, which are associated with the ability of 

the material to resist mechanical forces and load. We shall now discuss these properties as 

follows: 

1. Strength: It is the ability of a material to resist the externally applied forces 

2. Stress: Without breaking or yielding. The internal resistance offered by apart to 

an externally applied force is called stress. 

3. Stiffness: It is the ability of material to resist deformation under stresses. The 

modules of elasticity of the measure of stiffness. 

4. Elasticity:  It is the property of a material to regain its original shape 

after deformation when the external forces are removed. This property is desirable 

for material used in tools and machines. It may be noted that steel is more elastic 

than rubber. 
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5. Plasticity: It is the property of a material, which retain the deformation produced 

under load permanently. This property of material is necessary for forging, in 

stamping images on coins and in ornamental work. 

6. Ductility:  It is the property of a material enabling it to be drawn into wire with   

the application of a tensile force. A ductile material must be both strong and 

plastic. The ductility is usually measured by the terms, percentage elongation and 

percent reduction in area. The ductile materials commonly used in engineering 

practice are mild steel, copper, aluminum, nickel, zinc, tin and lead.     

7. Brittleness: It is the property of material opposite to ductile. It is the property of 

breaking of a material with little permanent distortion. Brittle materials when 

subjected to tensile loads snap off without giving any sensible elongation. Cast 

iron is a brittle material. 

8. Malleability:  It is a special case of ductility, which permits material to be rolled 

or hammered into thin sheets, a malleable material should be plastic but it is not 

essential to be so strong. The malleable materials commonly used in engineering 

practice are lead, soft steel, wrought iron, copper and aluminum. 

9. Toughness:  It is the property of a material to resist the fracture due to high impact 

loads like hammer blows. The toughness of the material decreases when it is 

heated. It is measured by the amount of absorbed after being stressed up to the 

point of fracture. This property is desirable in parts subjected to shock an impact 

loads. 

10. Resilience: It is the property of a material to absorb energy and to resist rock and 

impact loads. It is measured by amount of energy absorbed per unit volume with 

in elastic limit. This property is essential for spring material. 

11. Creep: When a part is subjected to a constant stress at high temperature for long 

period of time, it will undergo a slow and permanent deformation called creep. 

This property is considered in designing internal combustion engines, boilers and 

turbines. 
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12. Hardness:  It is a very important property of the metals and has a wide verity of 

meanings. It embraces many different properties such as resistance to wear 

scratching, deformation and machinability etc. It also means the ability of the 

metal to cut another metal. The hardness is usually expressed in numbers, which 

are dependent on the method of making the test. The hardness of a metal may be 

determined by the following test 

➢ Brinell hardness test 

➢ Rockwell hardness test 

➢ Vickers hardness (also called diamond pyramid) test and 

➢ Shearscaleroscope. 

 

The science of the metal is a specialized and although it over flows in toreal mess 

of knowledge it tends to shut away from the general reader. The knowledge of materials 

and their properties is of great significance for a design engineer. The machine elements 

should be made of such a material which has properties suitable for the conditions of 

operations. In addition to this a design engineer must be familiar with the manufacturing 

processes and the heat treatment shave on the properties of the materials. In designing the 

various part of the machine it is necessary to know how the material will function in 

service. For this certain characteristics or mechanical properties mostly used in 

mechanical engineering practice are commonly determined from standard tensile tests. In 

engineering practice, the machine parts are subjected to various forces, which may be due 

to either one or more of the following. 

➢ Energy transmitted 

➢ Weight of machine 

➢ Frictional resistance 

➢ Inertia of reciprocating parts 

➢ Change of temperature 

➢ Lack of balance of moving parts 
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The selection of the materials depends upon the various types of stresses that are 

set up during operation. The material selected should with stand it. Another criteria for 

selection of metal depend upon the type of load because a machine part resist load more 

easily than a live load and live load more easily than a shock load. Selection of the material 

depends upon factor of safety, which in turn depends upon the following factors. 

➢ Reliabilities of properties 

➢ Reliability of applied load 

➢ The certainty as to exact mode of failure 

➢ The extent of simplifying assumptions 

➢ The extent of localized 

➢ The extent of initial stresses set up during manufacturing 

➢ The extent loss of life if failure occurs 

➢ The extent of loss of property if failure occurs 

Materials selected in m/c: - Base plate, motor support, sleeve and shaft 

Material used: - Mild steel 

REASONS: 

➢ Mild steel is readily available in market 

➢ It is economical to use 

➢ It is available in standard sizes 

➢ It has good mechanical properties i.e. it is easily machinable. 

➢ It has moderate factor of safety, because factor of safety results in 

unnecessary wastage of material and heavy selection. Low factor of safety 

results in unnecessary risk of failure 

➢ It has high tensile strength 

➢ Low co-efficient of thermal expansion 
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PROPERTIES OF MILD STEEL: 

M.S. has a carbon content from 0.15 % to 0.30%. They are easily wieldable thus 

can be hardened only. They are similar to wrought iron in properties. Both ultimate tensile 

and compressive strength of these steel increases with increasing carbon content. They 

can be easily gas welded or electric or arc welded. With increase in the carbon percentage 

weld ability decreases Mild steel serve the purpose and was hence was selected because 

of the above purpose. 

BRIGHT MATERIAL: 

It is a machine dawned. The main basic difference between mild steel and bright 

metal is that mild steel plates and bars are forged in the forging machine by means is not 

forged. But the materials are drawn from the dies in the plastic state. Therefore the material 

has good surface finish than mild steel and has no carbon deposits on its surface for 

extrusion and formation of engineering materials thus giving them a good surface finish 

and though retaining their metallic properties. 

 

4.1 RAW MATERIAL AND STANDARD MATERIAL 

SR NO PART NAME MAT QTY DECREPTION 

1 

 
FRAME MS 1 C section 75x 40x 4 mm 

2 
MOTER 

 
STD 1 0.25 hp 1440 rpm 

3 SHAFT MS 2 Dia 20mm x 350mm 

4 HOUSING MS 2 Dia 95 mm x 62 mm 

5 BENT LINK MS 3 Dia 10 mm x 240 mm 

6 
PULLEY 

 
CI 2 Dia 45 & 250 mm 
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7 PEDESTAL BEARING CI 4 P204 

8 
BELT 

 
LEATHER 1 

a-56 

 

9 ANGLE ROD MS 1 35 x 35 x 5 mm 

10 NUT BOLT WASHER MS 10 M10 

11 
WELDING ROD 

 
-   

12 
COLOUR 

 
-   

 

 

4.2 COST ESTIMATION 

Cost estimation may be defined as the process of forecasting the expenses that 

must be incurred to manufacture a product. These expenses take into a consideration all 

expenditure involved in a design and manufacturing with all related services facilities such 

as pattern making, toolmaking as well as a portion of the general administrative and selling 

costs. 

PURPOSE OFCOST ESTIMATING: 

➢ To determine the selling price of a product for a quotation or contract so as to 

ensure a reasonable profit to the company. 

➢ Check the quotation supplied by vendors. 

➢ Determine the most economical process or material to manufacture the product. 

➢ To determine standards of production performance that may be used to control   

the cost. 

THE BUDGET ESTIMATION IS OF TWO TYPES: 
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1. Material cost 

2. Machining cost 

MATERIALCOST ESTIMATION:   

Material cost estimation gives the total amount required to collect the raw material 

which has to be processed or fabricated to desired size and functioning of the components. 

 

These materials are divided into two categories. 

1. MATERIAL FOR FABRICATION: 

In this the material in obtained in raw condition and is manufactured or processed 

to finished size for proper functioning of the component. 

 

2. STANDARD PURCHASED PARTS: 

This includes the parts which was readily available in the market like Allen screws 

etc. A list is forecast by the estimation stating the quality, size and standard parts, the 

weight of raw material and cost per kg. For the fabricated parts. 

MACHINING COST ESTIMATION: 

This cost estimation is an attempt to forecast the total expenses that may include 

to manufacture apart from material cost. Cost estimation of manufactured parts can be 

considered as judgment on and after careful consideration which includes labour, material 

and factory services required to produce the required part. 

LABOUR COST: 

It is the cost of remuneration (wages, salaries, commission, bonus etc.) of the 

employees of a concern or enterprise. Labour cost is classifies as: 

➢ Direct labour cost 

➢ Indirect labour cost 
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DIRECT LABOUR COST: 

The direct labour cost is the cost of labour that can be identified directly with the 

manufacture of the product and allocated to cost centers or cost units. The direct labour is 

one who counters the direct material into sale able product; the wages etc. of such 

employees constitute direct labourcost. Direct labour cost may be apportioned to the unit 

cost of job or either on the basis of time spend by a worker on the job or as a price for 

some physical measurement of product. 

INDIRECT LABOUR COST: 

It is that labour cost which cannot be allocated but which can be apportioned to or 

absorbed by cost centers or cost units. This is the cost of labour that does not alters the 

construction, confirmation, composition or condition of direct material but is necessary 

for the progressive movement and handling of product to the point of dispatch e.g. 

maintenance, men, helpers, machine setters, supervisors and foremen etc. The total labour 

cost is calculated on the basis of wages paid to the labour for8 hours per day. 

Cost estimation is done as under  

Cost of project = (A) material cost + (B) Machining cost + (C) labour cost 

RAW MATERIAL COST: 

It includes the material in the form of the Material supplied by the Steel authority 

of India limited´ and µIndian aluminum co., as the round bars, angles, square rods, plates 

along with the strip material form. We have to search for the suitable available material 

as per the requirement of designed safe values. 
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4.3 SPECIFICATION & MANUFACTURING OF PARTS 

MANUFACTURING PROCESS: 

The following are the various manufacturing process used in mechanical 

engineering. 

PRIMARY SHAPING PROCESS: 

The process used for the preliminary shaping of the machine component is known 

as primary shaping process. 

 

MACHINE PROCESS: 

The process used for giving final shape to the machine component, according to 

planned dimensions is known as machining process. The common operation drilling, 

boring etc. 

SL. NO 
NAME OF THE 

PART/OPERATION 
QUANTITY PRICE 

01 M.S. Shaft - Rs. 2,800 

02 Shaft Rod - Rs. 1,400 

03 Bearing 4Pcs. Rs. 2,000 

04 Lathe/Welding/Drilling - Rs. 3,500 

05 Fabrication - Rs. 2,500 

06 D.C. Motor 1pc. Rs. 1,800 

 Total  Rs. 14,ooo 
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SURFACE FINISHING PROCESS: 

The process used to provide a good shape surface finish for the machine 

components are known as surface finishing processes. The common operation used for 

the process are polishing, buffing, lapping etc. 

JOINING PROCESS: 

The process used for joining machine components are known as joining process. 

The common operation used for this process are soldering, brazing, welding etc. 

PROCESS AFFECTING CHANGE IN PROPERTIES: 

These are intended to import specific properties to material e.g. heat treatment, hot 

working, cold rolling etc. 

A) WELDED JOINTS: 

A welded joint is a permanent joint, which is obtained by the fusion of the edges 

of the two parts, to be joined together, with or without the application of pressure and a 

filler material. Welding is intensively used in fabrication as an alternative method 

for casting or forging and as a replacement for bolted and reverted joints. It is also used 

as a repair medium. 

ADNANTAGES: 

➢ The welded structures are usually lighter than riveted structures. 

➢ The welded joints provide maximum efficiency which to impossible 

innervated joints 

➢ Alteration and addition can be easily made. 

➢ As the welded structure is smooth in appearance, it is good looking. 

➢ In welded structures, tension members are not weakened. 

➢ In a welded joint has high strength often more than parent metal. 
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DISADVANTAGES: 

➢ Since there is uneven heating and cooling during fabrication therefore the 

members may get distorted as additional stresses may develop. 

➢ It requires a highly skilled labour and supervision. 

➢ No provision for expansion and contraction in the frame, therefore there is 

possibility of cracks. 

➢ The inspection of welding work is difficult than riveting work. 

 

B) V - BELT AND ROPE DRIVERS: 

V - Belt is mostly used in factories and workshops where a great amount of power 

is to be transmitted from one pulley to another then the two pulleys are very near to each 

other. The V - belt are made of fabric and cords moulded in rubber and covered in fabric 

and rubber. The power is transmitted by the wedging action between the belt and the v – 

groove in the pulley as sheave. 

ADVANTAGES: 

➢ The drive is positive. 

➢ Since the v - belts are made endless and there is no joint cable, therefore 

the drive is smooth. 

➢ It provides larger life, 3 to 5 years. 

➢ It can be easily installed and removed. 

➢ The operation of the belt and pulley is quiet. 

➢ The belt have the ability to cushion the shack when the machines are 

started. 

➢ The wedging action gives high value of limiting friction therefore 

power transmitted by 

➢ v - Belts is more than flat belts for the same coefficient of friction, are of 

contact and allowable tension. 
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DISADVANTAGES: 

➢ The v - belt drive connect be used with large center distances because 

of larger weight, for unit length. 

➢ The v - belt are not as durable as flat. 

➢ The construction of pulleys for v - belts is more complicated than pulleys 

of flat belt. 

➢ Since the v - belts are subjected to certain amount of creep, therefore not 

suitable for constant speed applications. 

➢ The belt life is greatly influenced with temperature change, improper belt 

tension and mismatching of belt lengths. 
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Component: frame channel 

      Material: - M.S. channel 

      Material specification: - i.s.l.c.40x.75x5 

 

SR 

NO 

 

DISCRIPTION 

OF 

OPERATION 

MACHINE 

USED 

CUTTING MEASUREMENT TIME 

1 

 

Cutting the 

channel in to 

length of 1000 

mm long 

Gas cutting 

machine 

Gas cutter Steel rule 15 min. 

2 

 

Cutting the 

channel in to 

length of 480 

mm long 

Gas cutting 

machine 

Gas cutter Steel rule 15 min. 

3 

 

Filling 

operation can 

be performed 

on cutting side 

and bring it in 

perpendicular 

c.s. 

Bench vice File Try square 15 min. 

4 

 

Weld the 

channels to the 

required size as 

per the 

drawing 

Electric arc 

welding 

machine 

................. Try square 20 min 

5 

 

Drilling the 

frame at 

required points 

as per the 

drawing 

Radial drill 

machine 

Twist drill Vernier calliper 10 min 
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Name of part:    pin 

Material:           bright steel 

Quantity:            3 

 

Sr. 

no. 

 

Detail 

operation 

 

 

m/c used Tool used accessory Measuring 

instrument 

1 

 

Marking on 

shaft 

 

 

- - - Scale 

2 

 

Cutting as per 

dwg 

 

Power 

hack saw 

Hock saw 

blade 

 

 

Jig & 

fixtures 

Scale 

3 

 

Facing both 

side of shaft 

Lathe 

machine 

Single 

point 

cutting 

tool 

 

chuck Vernier calliper 

4 

 

Turning as per 

dwg size 

 

- - - - 

5 

 

Bending Gas 

cutting 

 

Right 

angle 

 

 

Vice - 

6 

 

Filling on both 

end 

 

flat file 

 

 Vice - 
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Name of part:    housing 

Material:           bright steel 

Quantity:            2 

 

Sr. 

no. 

 

 

Detail 

operation 

m/c used Tool used accessory Measuring 

instrument 

1 

 

 

 

Marking on 

shaft 

- - - Scale 

2 

 

 

 

Cutting as per 

dwg 

Power 

hack saw 

Hock saw 

blade 

Jig & 

fixtures 

Scale 

3 

 

 

 

 

Facing both 

side of shaft 

Lathe 

machine 

Single 

point 

cutting 

tool 

chuck Vernier 

calliper 

4 Turning as per 

dwg size 

- - - - 

5 

 

 

 

Drilling 3 hole Drilling 

machine 

Drill  Vernier 

caliper 

6 

 

 

 

Filling on both 

end 

Flat file  Vice - 

 

 



35 

 

Name of part:    pulley 

Material:           C.I 

Quantity:            2 

 

 

SR 

NO 

 

DISCRIPTION 

OF 

OPERATION 

 

 

MACHINE 

USED 

CUTTING MEASUREMENT TIME 

1 

 

Take standard 

pulley as per 

design 

 

............. ................ 

 

 

 

 

.................... ............ 

2 

 

Face both side 

of  hub portion 

Lathe m/c Single 

point 

cutting tool 

 

 

Vernier caliper 15 min. 

3 

 

 Hold it in three 

jack chuck & 

bore inner dia 

as per shaft size 

 

 

Lathe m/c Single 

point 

cutting tool 

Vernier caliper 20 min. 

4 

 

Drilling the hub 

at required 

point as per the 

drawing 

 

 

Radial drill 

m/c 

Twist drill Vernier caliper 10 min 

5 

 

Tap the hub at 

drill area 

 

 

Hand tap 

set 

tap Vernier caliper 10 min 
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4.4 POSSIBLE IMPROVEMENTSAND ADVANCES 

4.4.1 METHOD OF IMPROVING EFFICIENCY 

The main motion is transmitted with the help of a sliding pair which formed 

between pin & the cylinder. These pins have to be lapped and cleaned and it should be 

capable of providing complete interchangeability similarly with the cylinder, they too 

have to be hone or lapped so as to provide smooth surface finish. This will result in less 

frictional loss and less heat generation. 

1) LUBRICATION AND COOLING METHODS: - 

Lubrication and cooling are a must in sliding members. One of the simple 

techniques applied for lubrication can be to drill oil holes in the cylinder body for fill than 

up with oil. But this technique will not be very effective since the weight and use of 

cylinders will increase. 

2) MODIFICATION: - 

One of the methods by which efficiency or performance can be enhanced is by 

increasing the number of pins. From the working of the mechanism we know that the pin 

at the inner most position is the drawing pin the pins the mechanism. Thus if the no. 

required for the next pin to attain the inner most position is considerable reduced and thus 

the performance of the mechanism &its life increases. 

 

8.2 POSSIBLE ADVANCE  

We can also use this transmission system as 

➢ As lubricating pump while transmitting power. 

➢ Steam engine (eliminating the crank of shaft & complicated valve system). 
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1. LUBRICATING PUMP:- 

The small change which have to incorporate for this purpose is to place stationary 

disc at the rear and it so fits with the cylinder that it avoids leak of gases. 

WORKING: 

The slot position and length is so that adjusted that when pin is at inner most 

position cylinder meshes with the suction port & suction of oil is started the slot remains 

open till pin given maximum outward stroke, after that cylinder end is closed by the discs. 

Now the pin starts moving inwards and thus compression stroke commences. The delivery 

slot location is so adjusted that after the completion of 80 to 85% of compression stroke, 

the cylinder meshes with the delivery stroke & thus the compressed fluid is discharged at 

high pressure. The delivery slot length was such adjusted that remains in mesh with 

cylinder for 15to 20% of compression for complete delivery of the compressed fluid. The 

suction slot length is adjusted for complete outward stroke of pin. 

ADVANTAGES: 

Due to such an in built pump we do not require any external pump as soon as mechanism 

is started lubrication system automatically starts.  

➢ The pump is of the displacement type. 

➢ Necessity for lubrication of the mechanism is eliminated. 

2. STEAM ENGINE:- 

 Modification for the steam engine is same as that for the pump. The only 

difference is in position & the size. 

 

WORKING: 

Here, the inlet slot position the cylinder just meshes with the inlet slot & high 

pressure steam is admitted in the cylinder & thus does work on pin & pushes the pin 

towards the outer most position. When the pin is at the outer most position, the cylinder 

meshes with the delivery slot & thus delivery stroke starts & steam is driven out. After the 

pin is reached the inner most position again suction stroke starts. 
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ADVANTAGES: 

➢ Mechanism is very simply due to elimination of value mechanisms. 

➢ Mechanism is small & compact. 

➢ No crank & crank shaft are necessary. 

➢ Lesser vibration because the reciprocating force are perfectly balanced. 

➢ Smooth & high speed operation can be easily obtained by cause of 

elimination of the value setting linkage. 

DISADVANTAGES: 

➢ It is only useful for small power generation. 

➢ It requires at least six cylinder piston pair. 

➢ Priming is always necessary for starting the engine. 
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CHAPTER 5 

 

ANALYSIS 

 

After finishing the working model we use motor (1/4 hp) to rotate the shaft and 

hub we can see speed of shaft in tachometer which are following figure. 

 

 
Fig. 5.1: Fabricated model of Gearless Transmission system 
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Fig. 5.2: Measure the speed of shaft with tachometer 

 

Theoretical calculation & result  

Power of motor (P) = 0.25 H.P =746*0.25 =186.5 N-m/s = 186.5 Watt  

P = 2*π*N*T/60  

Where, N = Rpm of motor = T = Torque  

Torque transmitted: T =  

T = (186.5×60)/(2×3.14×60  

T = 29.69 Nm 

The final design thus obtained is capable of transmitting torque and power at right 

angle with three elbow rods and hub. 
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CHAPTER 6 

 

ADVANTAGES, DISADVANTAGES AND APPLICATIONS OF 

GEARLESS TRANSMISSION 

 

6.1 ADVANTAGES 

➢ Complete freedom of Interchangeability. 

➢ More efficient than gear. 

➢ Power could be transferred to any desired angle. 

➢ Ease of manufacturing. 

➢ Misalignment of shafts can be tolerated to some extent. 

➢ Simpler cooling system 

➢ Low cost of manufacturing. 

➢ Portability of parts. 

 

6.2 DISADVANTAGES 

➢ Does not work at very low starting torque. 

➢ Improper hole drilling could pose much problem. 

➢ Sudden load would cause mechanism breakdown. 

➢ Links are to be replaced after certain cycle time. 

➢ Speed ratio is always constant 1:1. 
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6.3 APPLICATIONS 

Applications areas of skew shafts is very less because of the complexities entailed 

in their manufacture and in installation of setup so the propose gearless transmission is 

very efficient and good for the use of skew shafts. As in the introduced arrangement we 

can change the orientations of shafts during motion or by intermittent motion, new 

possibilities in transmission design opened up. Also where the space availability is less 

and crossed helical gears or any other appliance cannot be used, this arrangement can 

employed very easily and effectively with very less amount of power loss. 
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CHAPTER 7 

 

CONCLUSION AND FUTURE SCOPE 

 

7.1 CONCLUSION 

➢ This projects which looks very simple & easy to construct was actually very 

difficult to conceive & imagine without seeing an actual one in practice. 

➢ We find that while acceptable analysis for existing mechanism can often be 

made quite easily we cannot without insight & imagination make effective 

synthesis of new mechanism hence we are mould to present this our project 

gearless transmission at 90*(El-bow mechanism) which we have managed to 

successfully device after long & hard input in conceiving  its working principle 

 

 

7.2 SCOPE FOR FUTURE WORK 

 

➢ Working on stress concentration is recommended  

➢ Working on aluminium as a prime material is Recommended.  

➢ Fatigue analysis is recommended  

➢ Analysis of the mechanism with higher no of elbow rods is recommended.  
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ABSTRACT 

As the basic law of Physics says ‘energy can neither be created nor be destroyed it can 

only be converted from one form to another’. During huge amount of energy is lost to atmosphere 

as heat. It will be good if we could store this energy somehow which is otherwise getting wasted 

out and reuse it next time we started to accelerate. Regenerative braking refers to a system in 

which the kinetic energy of the vehicle is stored temporarily, as an accumulative energy, during 

deceleration, and is reused as kinetic energy during acceleration or running. Regenerative 

braking is a small, yet very important, step toward our eventual independence from fossil fuels. 

These kinds of brakes allow batteries to be used for longer periods of time without the need to be 

plugged into an external charger. These types of brakes also extend the driving range of fully 

electric vehicles. Regenerative braking is a way to extend range of the electric vehicles. In many 

hybrid vehicles cases, this system is also applied hybrid vehicles to improve fuel economy. 
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CHAPTER 1 

INTRODUCTION 

A Traditional Braking System, brake pads produce friction is produced between the 

slowed wheels and the surface of the road. This friction is what turns the car’s kinetic 

energy into heat. 

A regenerative Brake is an energy recovery mechanism which slows a vehicle or 

object down by converting its kinetic energy into another from, which can be either used 

immediately or stored until needed. 

1.1 TYPES OF BRAKING SYSTEM: - 

➢ PLUGGING TYPE BRAKING 

➢ DYNAMIC BRAKING 

➢ REGENERATIVE BRAKING 

PLUGGING TYPE BRAKING 

Another braking is plugging type braking. In this method the terminals of supply 

are reversed, as a result the generator torque also reverses which resists the normal rotation 

of the motor and as a result the speed decreases. During plugging external resistance is also 

introduced into the circuit to limit the flowing current. The main disadvantage of this 

method is that here power is wasted. 

DYNAMIC BRAKING 

Another method of reversing the direction of torque and braking the motor is 

dynamic braking. In this method of braking the motor which is at a running condition is 

disconnected from the source and connected across a resistance. When the motor is 

disconnected from the source, the rotor keeps rotating due to inertia and it work as self-
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excited generator. When the motor works as a generator the flow of the current and torque 

reverses. During braking to maintain the steady torque sectional resistance are cut out one 

by one. 

1.2 REGENERATIVE BRAKING SYSTEM 

Braking method in which the mechanical energy from the load is converted into 

electric energy and regenerated back into the line is shown as Regenerative Braking, the 

motor operates as generator 

1.2.1 Need of Regenerative Braking 

Over a car that only has friction brakes. In low-speed, stop- and-go traffic where 

little deceleration is required; the regenerative braking system can provide the majority of 

the total braking force. This vastly improves fuel economy with a vehicle, and further 

enhances the attractiveness of vehicles using regenerative braking for city driving. 

At higher speeds, too, regenerative braking has been shown to contribute to 

improved fuel economy – by as much as 20%. Consider a heavy loaded truck having very 

few stops on the road. It is operated near maximum engine efficiency. The 80% of the 

energy produced is utilized to overcome the rolling and aerodynamic road forces. The 

energy wasted in applying brake is about 2%. Also, its brake specific fuel consumption is 

5%. Now consider a vehicle, which is operated in the main city where traffic is a major 

problem here one has to apply brake frequently. For such vehicles the wastage of energy 

by application of brake is about 60% to 65%. 

 

 

 

 

Fig.(a) Graphical Representation of Energy usage of two vehicles 
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CHAPTER-2 

LITERATURE REVIEW 

 Sayed Nashit, Sufiyan Adhikari, Shaikh Farhan, Srivastava Avinash and Amruta 

Gambhire, ‘Design, Fabrication and Testing of Regenerative Braking Test Rig for BLDC 

Motor’, 2016, 1881- 84. In this paper a test bench for testing of regenerative braking capability 

of a Brushless DC Motor is design and then fabricated. The project creates awareness to 

engineers towards energy efficiency and energy conservation. It concludes that the 

regenerative braking systems are more efficient at higher speed and it cannot be used as the 

only brakes in a vehicle. The definite use of this technology described as in the project in the 

future automobiles can help us to a certain level to sustainable and bright future of energy 

efficient world as a part of power that is lost can be regained by using the regenerative braking 

system. 

 

 Khushboo Rahim, and Mohd. Tanveer, ‘Regenerative Braking System: Review 

Paper’, International Journal on Recent and Innovation Trends in Computing and 

Communication, 5.5 (2018), 736-39. In this paper the advantages of regenerative braking 

system over conventional braking system have been mentioned. Regenerative braking 

systems can work at the high temperature ranges and are highly efficient when compared to 

the conventional brakes. They are more effective at higher momentum. The more frequently 

a vehicle stops, the more it can benefit from this braking system. Large and heavy vehicles 

that movies at high speeds builds up lots of kinetic energy, so they conserve energy more 

efficiently. It has broad scope for further advancements and the energy conservation. 

 

 Tushar L. Patil, Rohit S. Yadav, Abhishek D. are, Mahesh Saggam, Ankul Pratap, 

‘Performance Improvement of Regenerative braking system’, International Journal of 

Scientific & Engineering Research Volume 9, Issue 5, (2018). 2229-5518. In this paper the 

techniques to increase the efficiency of the regenerative braking system is mentioned. The 

technique mentioned was to reduce the weight of the automobile which increase performance, 
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using super capacitor also improves the conversion rate of energy in regenerative braking 

system, making the automobile compact also tends to increase the efficiency of the system. 

 

 C. Jagadeesh Vikram, D. Mohan Kumar, Dr. P. Naveen Chandra, ‘Fabrication of 

Regenerative Braking System’, International Journal of Pure and Applied Mathematics 

Volume 119, (2018). 9973-9982. In this paper the Fabrication process on the Regenerative 

Braking System had been implemented as per the prescribed measures has been taken and the 

future enhancements should be processed on basis of the need of the study. The 

Implementation of the regenerative braking system be quite essential in automotive 

transportation with maximized performance in braking. 

 

 Eswaran, S Ajith, V Karthikeyan, P Kavin, S Loganandh, ‘Design and Fabrication 

of Regenerative Braking System’, International Journal of Advance Research and Innovative 

Ideas in Education-Vol-4 Issue-3 (2018). 2395-4396. In this paper the regenerative braking 

system used in the vehicles satisfies the purpose of saving a part of the energy lost during 

braking. Also, it can be operated at high temperature range and are efficient as compared to 

conventional braking system. Regenerative braking systems require further research to 

develop a better system that captures more energy and stops faster. All vehicles in motion can 

benefit from these systems by recapturing energy that would have been lost during braking 

process. The use of more efficient systems could lead to huge savings in the economy of any 

country. 

 

 Ketan Warake, Dr. S. R. Bhahulikar, Dr. N. V. Satpute, ‘Design & Development of 

Regenerative Braking System at Rear Axle’, International Journal of Advanced Mechanical 

Engineering. Volume 8, Number 2 (2018), 2250-3234. In this paper [22] the regenerative 

braking system used in the vehicles satisfies the purpose of saving a part of the energy lost 

during braking. The regenerative braking system is designed to partially recover the battery 

charge wasted in braking of the vehicle. The energy is converted into heat by friction brake 

which is dissipated to the environment. This Energy is utilized to rotate the rotor of generator 

converting mechanical energy of wheels into useful charge of battery. The regenerative 

braking system cannot be used as main braking system of vehicle as it cannot bring the vehicle 
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to rest. Experimentation shows that minimum 11% battery energy can be recovered using the 

regenerative braking system which would otherwise be wasted to heat in friction brakes. 

Hence the distance travelled between two successive charging requirements can be increase 

to 10 to 15 % using this regenerative braking, when installed in actual vehicles. 

 

 Siddharth K Sheladia, Karan K Patel, V raj D Savalia, Rutvik G Savaliya, ‘A Review 

on Regenerative Braking Methodology in Electric Vehicle’, International Journal of Creative 

Research Thoughts, Volume 6, Issue 1 (2018). 2320-2882. In this paper [23] it is mentioned 

that Regenerative braking can save up to 5% to 8% of waste energy. The systems have been 

enhanced with advanced power electronic components such as ultra-capacitors, DC-DC 

converters (Buck-Boost) and flywheels. Ultra-capacitors, which help improve the transient 

state of the car during startup, provide a smoother charging characteristic of the battery and 

improve the overall performance of the electric vehicle system. Buck-boost converters help 

maintain power management in regenerative braking systems, such as boosting acceleration. 

Finally, flywheels are used to improve the power recovery process through automotive 

wheels. 

 

We have learnt the recommendation and conclusion from the previous researcher and then we 

have utilized in our experiment. We have also changed the components and methods as the 

researcher suggested to make the experiment more practical and efficient. 
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CHAPTER 3 

REGENERATIVE BRAKING SYSTEM 

3.1 BASIC IDEA OF REGENERATIVE BRAKING 

Concept of this regenerative brake is better understood from bicycle fitted with 

dynamo. If our bicycle has a dynamo (a small electricity generator) on it for powering the 

lights, we'll know it's harder to peddle when the dynamo is engaged than when it's switched 

off. That's because some of our peddling energy is being "stolen" by the dynamo and turned 

into electrical energy in the lights. If we're going along at speed and we suddenly stop 

peddling and turn on the dynamo, it'll bring us to a stop more quickly than we would 

normally, for the same reason: it's stealing our kinetic energy. Now imagine a bicycle with 

a dynamo that's 100 times bigger and more powerful. In theory, it could bring our bike to a 

halt relatively quickly by converting our kinetic energy into electricity, which we could store 

in a battery and use again later. And that's the basic idea behind regenerative brakes! Electric 

trains, cars, and other electric vehicles are powered by electric motors connected to batteries. 

When we're driving along, energy flows from the batteries to the motors, turning the 

wheels and providing us with the kinetic energy we need to move. When we stop and hit the 

brakes, the whole process goes into reverse: electronic circuits cut the power to the motors. 

Now, our kinetic energy and momentum makes the wheels turn the motors, so the motors 

work like generators and start producing electricity instead of consuming it. Power flows 

back from these motor-generators to the batteries, charging them up. So a good proportion 

of the energy we lose by braking is returned to the batteries and can be reused when we start 

off again. In practice, regenerative brakes take time to slow things down, so most vehicles 

that use them also have ordinary (friction) brakes working alongside (that's also a good idea 

in case the regenerative brakes fail). 

That is a reason why regenerative brakes don't save 100 percent of our braking 

energy. 
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Fig.3.1 Basic idea of Regenerative braking 

Vehicles driven by electric motors use the motor as a generator when using 

regenerative braking, it is operated as a generator during braking and its output is supplied 

to an electrical load; the transfer of energy to the load provides the braking effect. 

Regenerative braking is used on hybrid gas/electric automobiles to recoup some of the 

energy lost during stopping. This energy is saved in a storage battery and used later to power 

the motor whenever the car is in electric mode. 

3.2 BLOCK DIAGRAM OF REGENERATIVE BRAKING 

 

 

 

 

 

 

 

Fig.3.2 Regenerative braking system 
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There is a driving wheel is used for regenerative braking system. It is directly 

connected with motor/generator. And motor is connected with battery. Motor/generator set 

works due to control system. 

When driving wheel starts rotate then motor also started running. Due to this voltage 

is generated in motor. We can store this voltage in battery or also we can use this voltage as 

our requirement. 

Control system used in this system is nothing but braking provided to the driving 

wheel. Due to braking on driving wheel, dc motor starts rotate. This energy stored in energy 

sink. In energy sink battery, ultra-capacitor, flywheel are used. 

3.3 BASIC ELEMENTS OF REGENERATIVE BREKING SYSTEM 

There are four elements required which are necessary for the working of regenerative 

braking system, these are: 

3.3.1 Energy Storage Unit (ESU): 

The ESU performs two primary functions 

➢ To recover & store braking energy 

➢ To absorb excess engine energy during light load operation The selection 

criteria for effective energy storage include: 

I. High specific energy storage density  

II. High energy transfer rate 

III. Small space requirement 

The energy recaptured by regenerative braking might be stored in one of three devices: 

➢ An electrochemical battery 

➢ A flywheel 
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➢ Compressed air 

3.3.2 Batteries: 

With this system as we know, the electric motor of a car becomes a generator when 

the brake pedal is applied. The kinetic energy of the car is used to generate electricity that is 

then used to recharge the batteries. With this system, traditional friction brakes must also be 

used to ensure that the car slows down as much as necessary. Thus, not all of the kinetic 

energy of the car can be harnessed for the batteries because some of it is "lost" to waste heat. 

Some energy is also lost to resistance as the energy travels from the wheel and axle, through 

the drive train and electric motor, and into the battery. When the brake pedal is depressed, 

the battery receives a higher charge, which slows the vehicle down faster. The further the 

brake pedal is depressed, the more the conventional friction brakes are employed. The 

motor/generator produces AC, which is converted into DC, which is then used to charge the 

Battery Module. So, the regenerative systems must have an electric controller that regulates 

how much charge the battery receives and how much the friction brakes are used. 

3.3.3 Fly wheels: 

In this system, the translational energy of the vehicle is transferred into rotational 

energy in the flywheel, which stores the energy until it is needed to accelerate the vehicle. 

Benefit of using flywheel technology is that more of the forward inertial energy of the car 

can be captured than in batteries, because the flywheel can be engaged even during relatively 

short intervals of braking and acceleration. In the case of batteries, they are not able to accept 

charge at these rapid intervals, and thus more energy is lost to friction. Another advantage 

of flywheel technology is that the additional power supplied by the flywheel during 

acceleration substantially supplements the power output of the small engine that hybrid 

vehicles are equipped with. 
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3.3.4 Continuously Variable Transmission (CVT): 

The energy storage unit requires a transmission that can handle torque and speed 

demands in a steeples manner and smoothly control energy flow to and from the vehicle 

wheels. 

3.3.5 Controller: 

An “ON-OFF” engine control system is used. That means that the engine is “ON” 

until the energy storage unit has been reached the desired charge capacity and then is 

decoupled and stopped until the energy storage unit charge fall below its minimum 

requirement. 

3.3.6 Regenerative Brake Controllers 

Brake controllers are electronic devices that can control brakes remotely, deciding 

when braking begins ends, and how quickly the brakes need to be applied. During the 

braking operation, the brake controller directs the electricity produced by the motor into the 

batteries or capacitors. It makes sure that an optimal amount of power is received by the 

batteries, but also ensures that the inflow of electricity isn't more than the batteries can 

handle. The most important function of the brake controller, however, may be deciding 

whether the motor is currently capable of handling the force necessary for stopping the car. 

If it isn't, the brake controller turns the job over to the friction brakes. In vehicles that use 

these types of brakes, as much as any other piece of electronics on board a hybrid or electric 

car, the brake controller makes the entire regenerative braking process possible. 
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CHAPTER 4 

WORKING MODEL OF REGENERATIVE BRAKING 

SYSTEM 

When the wheel is in running condition, some gap between motors & wheel. These 

two motors are placed on break shaft. So, this motors work as a break. Now wheel is in 

running condition, but when break is applied, then motors work as break. Due to this motor 

starts rotating. So, the power is produced in it. Multi meter is connected with the motors. So, 

the reading is display in multi meter. About 15 voltage is generated in this system. Motor 

runs at 500 rpm. We also can store this power in a battery. We can also use this power in 

our required application. For Example, we can use this power in headlight of vehicle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1 Model of Regenerative braking 
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4.1 COMPONENTS OF REGENERATIVE BRAKING SYSTEM 

 

➢ DC GEARING MOTORS- (NOS-2): 

VOLTAGE RATING 15VOLT 

SPEED 500 RPM 

 

 

 

 

 

 

 

 

 

 

 

 

➢ DRIVING WHEELS- (NOS-2) 
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➢ PULLY-(NOS-1) 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.1 BEARINGS 

 

Bearings permit smooth, low-friction movement between two surfaces. The movement 

can be either rotary (a shaft rotating within a mount) or linear (one surface moving along 

another). 

Bearings can employ either a sliding or a rolling action. Bearings based on rolling action 

are called rolling-element bearings. Those based on sliding action are called plain bearings. 

BEARING MATERIALS 

➢ Babbitt’s 

Tin and lead-base babbitts are among the most widely used bearing materials. They have 

an ability to embed dirt and have excellent compatibility properties under boundary-lubrication 

conditions. 

In bushings for small motors and in automotive engine bearings, babbitt is generally used 

as a thin coating over a steel strip. For larger bearings in heavy-duty equipment, thick babbitt is 

cast on a rigid backing of steel or cast iron. 
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➢ Bronzes and Copper Alloys 

Dozens of copper alloys are available as bearing materials. Most of these can be grouped 

into four classes: copper-lead, lead-bronze, tin-bronze, and aluminium-bronze. 

➢ Aluminium 

Aluminium bearing alloys have high wear resistance, load-carrying capacity, fatigue 

strength, and thermal conductivity; excellent corrosion resistance; and low cost. They are used 

extensively in connecting rods and main bearings in internal-combustion engines; in hydraulic 

gear pumps, in oil-well pumping equipment, in roll-neck bearings in steel mills; and in 

reciprocating compressors and aircraft equipment. 

➢ Porous Metals 

Sintered-metal self-lubricating bearings, often called powdered-metal bearings, are simple 

and low in cost. They are widely used in home appliances, small motors, machine tools, business 

machines, and farm and construction equipment. 

Common methods used when supplementary lubrication for oil-impregnated bearings is 

needed are shown in Figures. 

 

 

 

 

 

 

 

 

 

 

Fig. 4.2 Supplementary Lubrication for Impregnated Bearings. 
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Plastics 

Many bearings and bushings are being produced in a large variety of plastic materials. 

Many require no lubrication, and the high strength of modern plastics l ends to a variety of 

applications. 

PLAIN BEARINGS 

➢ A plain bearing is any bearing that works by sliding action, with or without lubricant. 

➢ This group encompasses essentially all types other than rolling-element bearings. 

➢ Plain bearings are often referred to as either sleeve bearings or thrust bearings, terms that 

designate whether the bearing is loaded radially or axially. 

➢ Lubrication is critic al to the operation of plain bearings, so their application and function 

is also often referred to according to the type of lubrication principle used. Thus, terms 

such as hydrodynamic, fluid-film, hydrostatic, boundary-lubricated, and self-lubricated 

are designations for particular types of plain bearings. 

 

Mostly bearings are oil-lubricated. The designs shown in Fig. illustrate simple, effective 

arrangements for providing supplementary lubrication. 

 

 

 

 

 

 

 

 

Oil H ole in Shaft   Oil Groove in Bearing 

Fig.4.3 Common Methods of Lubricating Plain Bearings 
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JOURNALS OR SLEEVE BEARINGS 

These are cylindrical or ring-shaped bearings designed to carry radial loads. The terms 

sleeve and journal are used more or less synonymously since sleeve refers to the general 

configuration while journal pertains to any portion of a shaft supported by a bearing. In another 

sense, however, the term journal may be reserved for two-piece bearings used to support the 

journals of an engine crankshaft. 

The simplest and most widely used types of sleeve bearings are cast-bronze and porous-

bronze (powdered- metal) cylindrical bearings. Cast-bronze bearings are oil, or grease-

lubricated. Porous bearings are impregnated with oil and often have an oil reservoir in the 

housing. 

Plastic bearings are being used increasingly in place of metal. Originally, plastic was used 

only in small, lightly loaded bearings where cost saving was the primary objective. 

More recently, plastics are being used because of functional ad vantages, including 

resistance to abrasion, and they are being made in large sizes. 

THRUST BEARING 

This type of bearing differs from a sleeve bearing in that load are supported axially rather 

than radially. Thin, disk like thrust bearings are called thrust was hers. 

 

 

 

 

 

 

 

 

Fig. 4.4 Thrust Bearing 
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ANTIFRICTIO N BEARINGS 

Ball, roller, and needle bearings are classified as antifriction bearings since friction has 

been reduced to a minimum. They may be divided into two main groups: radial bearings and 

thrust bearings. Except for special designs, ball and roller bearings consist of two rings, a set of 

rolling elements, and a cage. The cage separates the rolling elements and spaces them evenly 

around the periphery (circumference of the circle). The nomenclature of an antifriction bearing 

is given in Fig. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5 Antifriction Bearings Nomenclature (SKF Company) 

BEARING LOADS 

Radial Load 

Loads acting perpendicular to the axis of the bearing are called radial loads. Although 

radial bearings are designed primarily for straight radial service, they will withstand 

considerable thrust loads when deep ball tracks in the raceway are used. 
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Thrust Load 

Loads applied parallel to the axis of the bearing are called thrust loads. Thrust bearings 

are not designed to carry radial loads. 

 

 

 

 

 

 

 

Fig.4.6 Types of Bearing Loads 

Combination Radial and Thrust Loads 

When loads are exerted both parallel and perpendicular to the axis of the bearings, a 

combination radial and thrust bearing is used. See Fig.2.17(C). The load ratings listed in the 

manufacturers’ catalogs for this type of bearing are for either pure thrust loads or a combination 

of both radial and thrust loads. 

BALL BEARINGS 

Ball bearings fall roughly into three classes: radial, thrust, and angular-contact. Angular-

contact bearings are used for combined radial and thrust loads and where precise shaft location 

is needed. Uses of the other two types are described by their names: radial bearings for radial 

loads and thrust bearings for thrust loads. See Fig. 2.3.6. 

 

 

 

 

Fig.4.7 Ball Bearings (SKF Company) 
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Radial Bearings 

Deep-groove bearings are the most widely used ball bearings. In addition to radial loads, 

they can carry substantial thrust loads at high speeds, in either direction. They require careful 

alignment between shaft and housing. 

Self-aligning bearings come in two types: internal and external. In internal bearings, the 

outer-ring ball groove is ground as a spherical surface. 

Externally self-aligning bearings have a spherical surface on the outside of the outer ring, 

which matches a concave spherical housing. 

Double-row, deep-groove bearings embody the same principle of design as single-row 

bearings. Double-row bearings can be used where high radial and thrust rigidity is needed and 

space is limited. They are about 60 to 80 percent wider than comparable single-row, deep-

groove bearings, and they have about 50 percent more radial capacity. 

Angular-contact thrust bearings can support a heavy thrust load in one direction combined 

with a moderate radial load. High shoulders on the inner and outer rings provide steep contact 

angles for high thrust capacity and axial rigidity. 

Thrust Bearings 

In a sense, thrust bearings can be considered to be angular-contact bearings. They support 

pure thrust loads at moderate speeds, but for practical purposes their radial load capacity is nil. 

Because they cannot support radial loads, ball thrust bearings must be used together with radial 

bearings. 

Flat-race bearings consist of a pair of flat washers separated by the ball complement and 

a shaft-piloted retainer, so load capacity is limited. Contact stresses are high, and torque 

resistance is low. 

One-directional, grooved-race bearings have grooved races very similar to those found in 

radial bearings. 

Two-directional, groove-race bearings consist of two stationary races, one rotating race, 

and two ball complements. 

 



20 
 

ROLLER BEARINGS 

The principal types of roller bearings are cylindrical, needle, tapered, and spherical. In 

general, they have higher load capacities than ball bearings of the same size and are widely used 

in heavy-duty, moderate-speed applications. However, except for cylindrical bearings, they 

have lower speed capabilities than ball bearings. See Fig. 2.3.7. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.8 Roller Bearings 

 

Cylindrical Bearings 

Cylindrical roller bearings have high radial capacity and provide accurate guidance to the 

rollers. Their low friction permits operation at high speed, and thrust loads of some magnitude 

can be carried through the flange-roller end contacts. 
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Needle Bearings 

Needle bearings are roller bearings with rollers that have high length-to-diameter ratios. 

Compared with other roller bearings, needle bearings have much smaller rollers for a given bore 

size. 

Loose-needle bearings are simply a full complement of needles in the annular space 

between two hardened machine components, which form the bearing raceways. They provide 

an effective and inexpensive bearing assembly with moderate speed capability, but they are 

sensitive to misalignment. 

Caged assemblies are simply a roller complement with a retainer, placed between two 

hardened machine elements that act as raceways. Their speed capability is about 3times higher 

than that of loose-needle bearings, but the smaller complement of needles reduces load capacity 

for the caged assemblies. 

Thrust bearings are caged bearings with rollers assembled like the spokes of a wheel in a 

wafer like retainer. 

Tapered Bearings 

Tapered roller bearings are widely used in roll-neck applications in rolling mills, 

transmissions, gear reducers, geared shafting, steering mechanisms, and machine-tool spindles. 

Where speeds are low, grease lubrication suffices, but high speeds demand oil lubrication, and 

very high speeds demand special lubricating arrangements. 

Spherical Bearings 

Spherical roller bearings offer an unequalled combination of high load capacity, high 

tolerance to shock loads, and self-aligning ability, but they are speed-limited. 

Single-row bearings are the most widely used tapered roller bearings. They have a high 

radial capacity and a thrust capacity about 60 percent of radial capacity. 

Two-row bearings can replace two single-row bearings mounted back-to-back or face-to-

face when the required capacity exceeds that of a single-row bearing. 
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BEARING SELECTION 

Machine designers have a large variety of bearing types and sizes from which to choose. 

Each of these types has characteristics, which make it best for a certain application. Although 

selection may sometimes present a complex problem requiring considerable experience, the 

following considerations are listed to serve as a general guide for conventional applications. 

➢ Generally, ball bearings are the less expensive choice in the smaller sizes with 

lighter loads, while roller bearings are less expensive for the larger sizes with 

heavier loads. 

➢ Roller bearings are more satisfactory under shock or impact loading than ball 

bearings. 

➢ If there is misalignment between housing and shaft, either a self-aligning ball or 

spherical roller bearing should be used. 

➢ Ball thrust bearings should be subjected to pure thrust loads only. At high speeds, 

and deep-groove or angular-contact ball bearing will usually be a better choice 

even for pure thrust loads. 

➢ Self-aligning ball bearings and cylindrical roller bearings have very low friction 

coefficients. 

➢ Deep-groove ball bearings are available with seals built into the bearings so that 

the bearing can be pre-lubricated and thus operate for long periods without 

attention. 

4.2 DRILLING 

Drilling is the operation of producing circular hole in the work-piece by using a rotating 

cutter called DRIL L. 

The machine used for drilling is called drilling machine. 

The drilling operation can also be accomplished in lathe, in which the drill is held in 

tailstock and the work is held by the chuck. 

The most common drill used is the twist drill. 
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Fig 4.9 Drill fixed to a spindle 

DRILLING MA CHINE 

➢ It is the simplest and accurate machine used in production shop. 

➢ The work piece is held stationary i.e., Clamped in position and the drill rotates to 

make a hole. 

4.2.1 TYPES 

Based on construction: Portable, Sensitive, Radial, up-right, Gang, Multi-spindle 

Based on Feed: Hand driven, Power driven 

 

Sensitive or Bench Drilling Machine 

This type of drill machine is used for very light works. Fig.1 illustrates the sketch of 

sensitive drilling machine. 

The vertical column carries a swivelling table the height of which can be adjusted 

according to the work piece height. 

The table can also be swung to any desired position. 
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At the top of the column there are two pulleys connected by a belt, one pulley is mounted 

on the motor shaft and other on the machine spindle. 

Vertical movement to the spindle is given by the feed handle by the operator. 

Operator senses the cutting action so sensitive drilling machine. 

Drill holes from 1.5 to 15mm 

 

 

 

 

 

 

 

 

Fig 4.10 Sensitive Drilling Machine 

 

Up-Right Drilling Machine 

These are medium heavy-duty machines. 

It specifically differs from sensitive drill in its weight, rigidity, application of power feed 

and wider range of spindle speed. Fig.2 shows the line sketch of up-right drilling machine. 

This machine usually has a gear driven mechanism for different spindle speed and an 

automatic or power feed device. 

Table can move vertically and radially. 

Drill holes up to 50mm 
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Fig 4.11 Up-Right Drilling Machine 

Radial Drilling Machine 

It the largest and most versatile used for drilling medium to large and heavy work pieces. 

Radial drilling machine belong to power feed type. 

The column and radial drilling machine support the radial arm, drill head and motor. 

Fig.4.12 shows the line sketch of radial drilling machine. 
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Fig 4.12 Radial Drilling Machine 

The radial arm slides up and down on the column with the help of elevating screw 

provided on the side of the column, which is driven by a motor. 

The drill head is mounted on the radial arm and moves on the guide ways provided the 

radial arm can also be swiveled around the column. 

The drill head is equipped with a separate motor to drive the spindle, which carries the 

drill bit. A drill head may be moved on the arm manually or by power. 

Feed can be either manual or automatic with reversal mechanism. 
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DRILLING OPERATIONS 

➢ Operations that can be performed in a drilling machine are 

➢ Drilling Reaming Boring 

➢ Counter boring Countersinking Tapping 

 

PRECAUTIONS FOR DRILLING MACHINE 

➢ Lubrication is important to remove heat and friction. Machines should be cleaned 

after use. 

➢ Chips should be removed using brush. 

➢ T-slots, grooves, spindles sleeves, belts, and pulley should be cleaned. Machines 

should be lightly oiled to prevent from rusting 

 

SAFETY PRECAUTIONS 

 

➢ Do not support the work piece by hand – use work ho lding device. Use brush to 

clean the chip 

➢ No adjustments while the machine is operating 

➢ Ensure for the cutting tools running straight before starting the operation. Never 

place tools on the drilling table 

➢ Avoid loose clothing and protect the eyes. 

➢ Ease the feed if drill breaks inside the work piece. 

 

GAS WELDING AND CUTTING 

Oxy-fuel welding, commonly referred to as oxy welding or gas welding is a process of 

joining metals by application of heat created by gas flame. The fuel gas commonly acetylene, 

when mixed with proper proportion of oxygen in a mixing chamber of welding torch, produces 
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a very hot flame of about 5700-5800°F. With this flame it is possible to bring any of the so-

called commercial metals, namely: cast iron, steel, copper, and aluminium, to a molten state and 

cause a fusion of two pieces of like metals in such a manner that the point of fusion will very 

closely approach the strength of the metal fused. 

➢ If more metal of like nature is added, the union is made even stronger than the 

original. 

➢ This method is called oxy-acetylene welding. 

➢ Chemistry of Oxy Acetylene Process 

The most common fuel used in welding is acetylene. It has a two stage reaction; the first 

stage primary reaction involves the acetylene disassociating in the presence of oxygen to 

produce heat, carbon monoxide, and hydrogen gas. 

Oxy Fuel welding Gases 

Commercial fuel gases have one common property: they all require oxygen to support 

combustion. To be suitable for welding operations, a fuel gas, when burned with oxygen, must 

have the following: 

a. High flame temperature 

b. High rate of flame propagation 

c. Adequate heat content 

d. Minimum chemical reaction of the flame with base and filler metals 

Among the commercially available fuel gases such as propane, liquefied petroleum gas 

(LPG), natural gas, propylene, hydrogen and MAPP gas, “Acetylene” most closely meets all the 

above requirements. 
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CHAPTER 5 

 

RESULTS AND DISCUSSION 

 

After the successful preparation, the model is operated and the results obtained in various 

loading condition are noted and tabulated below. 

5.1 RESULT TABLE 

 

S. N RPM before brake pedal pressed RPM after brake pedal pressed Voltage output 

1 500 480 9.34 

2 900 870 10.88 

3 1300 1260 11.81 

4 1700 1650 12.91 

5 2100 2040 13.49 

6 2300 2270 13.89 

7 2500 2460 14.49 

 

It can be seen from the result tables that the efficiency of the regenerative braking systems 

using D.C Motors increases as the angular velocity of the motor increases and hence the 

regenerative braking systems are more efficient as higher angular velocities and the recoverable 

energy increases with increase in the motor speed. The losses are higher at lower speed because 

the motors are inefficient at lower speeds, whereas the losses at higher speeds are mainly 

mechanical losses like friction losses and air drag. 
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5.2 DISCUSSION 

 

With the markets for hybrid, electric and highly efficient, low emission conventionally- 

powered vehicles set to grow rapidly, the pace of development of regenerative braking systems 

looks similarly set to increase. The two key barriers to the market for battery- electric vehicles 

(BEVs) are currently their high cost (particularly of the battery packs) and limited range. For 

system developers, future challenges will include reducing costs, increasing vehicle range and 

meeting stricter safety and emissions standards. The braking regulation will need to be applied 

to advanced systems that not only stop the vehicle but recover lost braking energy. 

In summary, the analysis suggests that current, “first-generation” regenerative braking 

systems do not compromise braking safety. The tests carried out on one such system, fitted to a 

hybrid vehicle, did not raise any safety issues. The primary determinant of how powerful the 

regenerative braking system might be the power capacity of the battery or other energy storage 

device/system, that is its ability to quickly convert the kinetic energy of the vehicle into its stored 

form. 

Basic mechanical engineering theory suggests for current systems, which can only operate 

at quite low power levels (< 30KW, say), the regenerative braking component is likely to be 

quite small, particularly at high speeds. Such systems thus need a substantial additional source 

of braking torque for medium-high deceleration stops from such speeds, i.e. a conventional 

friction- braking system. 
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CHAPTER 6 

 

ADVANTAGES, DISADVANTAGES AND APPLICATIONS 

 

6.1 ADVANTAGES 

➢ Better fuel economy. 

➢ Reduced CO2 emissions. 

➢ Approximately 30% saving in fuel consumption 

➢ Improved Performance 

➢ The lower operating and environment cost of the vehicle with regenerative 

Braking System 

➢ Reduction in Engine wears. 

 

6.2 DISADVANTAGES 

➢ Added weight – extra components can increase weight. 

➢ Complexity- depends on control necessary for operation of regenerative braking 

System. 

➢ Cost of components, engineering, manufacturing and installation is high. 

➢ Friction brakes are still necessary. 
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6.3 APPLICATIONS 

➢ Super Capacitor Accept and release charge much more quickly. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.1 Super capacitor in MZADA A-6 

➢ Super capacitor accepted and release charge much more quickly. 

➢ It can be discharged and recharge many more times and with far deterioration 

than a battery. 

➢ The MAZDA unit can accept a full charge in just 8-10seconds. 

➢ The capacitor may take up to about 113s when the load is an minimum about 

18A. 

➢ Regenerative Braking Systems are also used in electric railway vehicle Jaipur 

metro uses the regenerative braking system & save 35% of electricity. 
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➢ For recovering Kinetic energy of vehicle lost during braking process. 

➢ Regenerative braking is used in some elevator and crane hoist motors. (London 

Undergrounded & Virgin Trains). 

APPLICATIONS 

Some of vehicles using regenerative brake: - 

1) Toyota Prius 

2) Ford FUSION 

3) Tesla Roadster Electric Car 

4) Vectrix Electric Maxi-Scooter 

5) KERS is used in F1 cars 
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6.4 COMPARISONS 

Advantages of regenerative braking over conventional braking 

➢ Energy Conservation: 

The flywheel absorbs energy when braking via a clutch system slowing the car down and 

speeding up the wheel. To accelerate, another clutch system connects the flywheel to the drive 

train, speeding up the car and slowing down the flywheel. Energy is therefore conserved rather 

than wasted as heat and light which is what normally happens in the contemporary shoe/disc 

system. 

➢ Wear Reduction: 

An electric drive train also allows for regenerative breaking which increases Efficiency 

and reduces wear on the vehicle brakes. 

In regenerative braking, when the motor is not receiving power from the battery pack, it 

resists the turning of the wheels, capturing some of the energy of motion as if it were a generator 

and returning that energy to the battery pack. In mechanical brakes; lessening wear and 

extending brake life is not possible. This reduces the use of use the brake. 

➢ Fuel Consumption: 

The fuel consumption of the conventional vehicles and regenerative braking system 

vehicles was evaluated over a course of various fixed urban driving schedules. The results are 

compared as shown in figure. Representing the significant cost saying to its owner, it has been 

proved the regenerative braking is very fuel-efficient. The Delhi Metro saved around 90,000 

tons of carbon dioxide (CO2) from being released into the atmosphere by regenerating 112,500 

megawatt hours of electricity through the use of regenerative braking systems between 2004 

and 2007. It is expected that the Delhi Metro will save over 100,000 tons of CO2 from being 

emitted per year once its phase II is complete through the use of regenerative braking. The 

energy efficiency of a conventional car is only about 20 percent, with the remaining 80 percent 

of its energy being converted to heat through friction. The miraculous thing about regenerative 

braking is that it may be able to capture as much as half of that wasted energy and put it back to 

work. This could reduce fuel consumption by 10 to 25 percent. Hydraulic regenerative braking 
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systems could provide even more impressive gains, potentially reducing fuel use by 25 to 45 

percent. 

Braking is not total loss: 

Conventional brakes apply friction to convert a vehicle’s kinetic energy into heat. In 

energy terms, therefore, braking is a total loss: once heat is generated, it is very difficult to reuse. 

The regenerative braking system, however, slows a vehicle down in a different way. 

 

Comparison of Dynamic brakes and Regenerative brakes 

Dynamic brakes ("rheostatic brakes" in the UK), unlike regenerative brakes, dissipate the 

electric energy as heat by passing the current through large banks of variable resistors. Vehicles 

that use dynamic brakes include forklifts, Diesel-electric locomotives, and streetcars. This heat 

can be used to warm the vehicle interior, or dissipated externally by large radiator-like cowls to 

house the resistor banks. 

The main disadvantage of regenerative brakes when compared with dynamic brakes is the 

need to closely match the generated current with the supply characteristics and increased 

maintenance cost of the lines. With DC supplies, this requires that the voltage be closely 

controlled. Only with the development of power electronics has this been possible with AC 

supplies, where the supply frequency must also be matched (this mainly applies to locomotives 

where an AC supply is rectified for DC motors). 

A small number of mountain railways have used 3-phase power supplies and 3- phase 

induction motors. This results in a near constant speed for all trains as the motors rotate with the 

supply frequency both when motoring and braking. 

 

Regenerative Brakes are assisted with the Frictional Brake 

Traditional friction-based braking is used in conjunction with mechanical regenerative 

braking for the following reasons: 
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➢ The regenerative braking effect drops off at lower speeds; therefore, the friction brake is 

still required in order to bring the vehicle to a complete halt. Physical locking of the rotor 

is also required to prevent vehicles from rolling down hills. 

➢ The friction brake is a necessary back-up in the event of failure of the regenerative brake. 

➢ Most road vehicles with regenerative braking only have power on some wheels (as in a 

two-wheel drive car) and regenerative braking power only applies to such wheels, so in 

order to provide controlled braking under difficult conditions (such as in wet roads) 

friction-based braking is necessary on the other wheels. 

➢ The amount of electrical energy capable of dissipation is limited by either the capacity of 

the supply system to absorb this energy or on the state of charge of the battery or 

capacitors. No regenerative braking effect can occur if another electrical component on 

the same supply system is not currently drawing power and if the battery or capacitors are 

already charged. For this reason, it is normal to also incorporate dynamic braking to absorb 

the excess energy. 

➢ Under emergency braking it is desirable that the braking force exerted be the maximum 

allowed by the friction between the wheels and the surface without slipping, over the entire 

speed range from the vehicle's maximum speed down to zero. The maximum force 

available for acceleration is typically much less than this except in the case of extreme 

high-performance vehicles. Therefore, the power required to be dissipated by the braking 

system under emergency braking conditions may be many times the maximum power 

which is delivered under acceleration. Traction motors sized to handle the drive power 

may not be able to cope with the extra load and the battery may not be able to accept 

charge at a sufficiently high rate. Friction braking is required to absorb the surplus energy 

in order to allow an acceptable emergency braking performance. 

➢ For these reasons there is typically the need to control the regenerative braking and match 

the friction and regenerative braking to produce the desired total braking output. 
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CHAPTER 7 

 

CONCLUSION AND FUTURE SCOPE 

 

7.1 CONCLUSION 

The regenerative braking system used in the vehicles satisfies the purpose of saving a 

part of the energy lost during braking. The regenerative braking system is designed to partially 

recover the battery charge wasted in braking of the vehicle. The energy is converted into heat 

by friction brakes which are dissipated to the environment. This Energy is utilized to rotate the 

rotor of generator converting mechanical energy of wheels into useful charge of battery. The 

regenerative braking system cannot be used as main braking system of vehicle as it cannot bring 

the vehicle to rest. 

Experimentally it is found that, on increasing the speed of the wheel (rpm) the voltage 

generated will also be increasing and vice-versa. As others researchers had used stepper or servo 

motors as regenerative motor, so in this project, it is replaced with D.C motor. motor with gear. 

It has been found that the voltage generated by the D.C motor with gear is higher than that of 

voltage produced by those two motors. 

Hence, if this system is installed in the actual vehicles minimum 11% battery energy can 

be recovered using the regenerative braking system which would otherwise be wasted to heat in 

friction brakes. So, the distance travelled between two successive charging requirements can be 

increase to 10 to 15 % using this regenerative braking. 
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7.2 SCOPE FOR FUTURE WORK 

 

By increasing the equipment strength and quality to its peak, we can have multipurpose 

agricultural equipment for life time usage. By providing hydraulics, gear arrangements and 

some minor adjustments the equipment can also be made as tractor powered equipment. 
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ABSTRACT 

We know Pneumatic energy is the readily available and low-cost energy. Now-a-days 

non-conventional energy system is very essential to the world. So here we are focusing on 

pneumatic type of energy for this project. In this project compressed air can be produced 

with the help of vehicle suspension system. Then this compressed air is used to operate the 

vehicle. Compressed air production using suspension system does not require any fuel for its 

motion. This air operated vehicles are the new innovative concept to run vehicle by using the 

compressed air. So, in this project we are making one type of device that is used for producing 

compressed air for different purposes by using vehicle suspension. The compressed air may 

be used for running the vehicle and for air conditioning purposes. Here we start with an 

introduction to pneumatic; it’s various applications and units and briefly explains a few 

devices capable of utilizing air effectively and their relative merits. The pneumatic operated 

vehicle is very useful to save the conventional type of fuel and after few years these things 

will play a very important role. Pneumatic energy is the readily available and low-cost 

energy. Nonconventional energy system is very essential at this time to our nation. So that 

the pneumatic type of energy is considered for our project. In this project compressed air can 

be produced with the help of motion of wheel. Then this compressed air can be used for 

further applications. Compressed air production using vehicle wheel needs no fuel input 

power to produce the output of the air. 
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CHAPTER 1 

INTRODUCTION 

1.1 PROBLEM STATEMENT 

Tire disablement is considered a major cause of accidents worldwide. Tire failure 

induces a loss of control over the vehicle, which mainly leads to accidents in the highways. A 

tire under-inflation is one of the biggest factors that lead to tire failure; since the air pressure 

inside a tire is what carries the weight of the vehicle, any form of pressure loss can cause the 

tire to deform, hence, weaken and fail. Therefore, starting in 2007 it was mandatory for all 

road vehicles to adopt the Tire Pressure Monitoring System (TPMS). However, this system 

only warns the driver when the tire is in a crisis. In addition, since these under- inflations can 

occur in a highway or somewhere it is hard for the driver to consult any air station, the optimal 

solution would suggest having an instant recovery system for any pressure loss in the vehicle’s 

tires.  

1.2 PROJECT DESCRIPTION 

The proposed solution is to produce a new design for cars’ shock absorbers that would 

help car users get access to tires pumping machine without having the need to stop by a car 

station. The new design would have the function of conserving the compressed air produced 

by the product in a tank equipped to the car. The product’s efficiency relies in the minimized 

time it takes on the road for it to fill completely. The tank then respectively provides the tires 

with the air needed when the vehicle is in a static position. The idea comes from the translation 

movement that the shock absorbers perform when the car is driven, so it can make a 

compressor produce compressed air. The compressed air can then be used to pump car tires 

that are depressurized. This system will use the information generated from the sensors of the 

TPMS that indicates the pressure inside the tire, then warn the driver to stop the car and 

proceed with connecting the tires to the compressed air tank. The information provided by the 

TPMS will constantly help the driver regulate the tire pressure before it reaches any dangerous 

situation. 
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1.3 METHODOLOGY 

The project will adopt a structured methodology to ensure quality and delivery time of 

the product. The use of the literature study will include a research of the related works such as 

the TPMS and the current state-of-the-art, and investigate the physical properties of the 

product and identify the variables and the relationships between the variables. The first phase 

would be the analysis of the different quantities that go with the product. The second phase is 

the design of the optimized shock absorbers that ideally would fit most car models. The third 

and last part is the implementation of the sensors and digital circuit controlling the system and 

the testing of resistance of materials used in the design. Additionally, the proposed timetable 

for the project would split the three main objectives based on their importance and load of 

work: Analysis (5 weeks), Design (2 to 3 weeks) and Implementation and Testing (3 to 4 

weeks). However, since the time period of the project is relatively short (one semester), the 

minimum outcome would be to realize the full analysis and design of the product, which can 

be used to manufacture the shock absorbers. The implementation, which is still extremely 

important to the project, can be illustrated using models to be implemented later on. In 

addition, the testing and simulation are a major part that are comprised within the minimum 

subset of the objectives. Regarding the societal and ethical implications of the work performed, 

the project targets the new wave of eco- friendly technologies since under inflated tires 

increase fuel consumption. The product is also economically competitive by its technological 

advancement that appeals to prospective car buyers because of that societal trend towards more 

sophisticated systems. 

The increasing traffic and number speed breakers on roads motivate to manufacture an 

innovative device which can channelize the energy of vehicles that is wasted on speed breakers 

to some useful work. In this practical manufacturing processes and steps of speed breaker 

device for generation of compressed are described which can be used to generate compresses 

air on highways in remote areas. We put our machine underground of road exactly below speed 

barker, the helical compression spring is used for Suspension Purpose. In the speed breaker 

system the speed breaker is made up of mild steel strips. The dome is also made of mild steel 

sheets. Dome of speed breaker is welded with the frame. The spring is connected to the rod of 

the double acting cylinder. The welding is used in fabricating the device is shielded metal arc 

welding by using the flux coated electrode. The block diagram as shown in Fig.1 depicts the 

complete process of application of speed breaker device for generation of compressed air. The 

device was installed in the road as shown and vehicles (motor cycles and cars) were allowed 

to pass over the device. The weight of vehicles  presses the dome of breaker which compress 
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the spring which is connected to rod reciprocating in cylinder and the air is generated and 

stored in the air tank. The air stored in the air tank can be utilized for many purposes e.g. repair 

of punctured tubes. 

 

Fig-1.Block Diagram Representing Generation and Utilization of 

Compressed Air 
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CHAPTER-2 

LITERATURE REVIEW 

  

 S.Vigneswari1, V.Vinodhini (2014), “Compressed Air Production Using Vehicle 

Suspension” in this paper Non- conventional energy system is very essential at this time to our 

nation. Compressed air Production using vehicle suspensor needs no fuel input power to produce 

the output of the air. For this project the conversion of the force energy in to air. The control 

mechanism carries the air cylinder (vehicle suspensor), quick exhaust valve, and Non- return 

valve and spring arrangement. We have discussed the various applications and further extension 

also. The initial cost of this arrangement is high. 

 Dave Jaymin J.  (2015),  “Power  Generation from Speed  Breakers by Air Compression 

Method”,  this paper describes generation of electricity from speed breakers, the kinetic and 

potential energy. The power generated is not constant but it is a small step to produce energy 

from speed breaker it is not just alternative but effective use of wasted energy. From the 

observations as compression is increased high power can be generated. It is a small level power 

generation but if it is used in proper way then we can generate larger amount of power. Now it’s 

time to put forte these types of innovative ideas and researches should have been done to upgrade 

their implication. 

 Mr. Amol Sheshrao Fawade (2015), “Air Compression and Electricity Generation by 

Using Speed Breaker with Rack And Pinion Mechanism” The growth of any nation depends on 

utilization of energy and this paper helps for that. It is successfully produced electricity and 

compressed air by using speed breaker. This electricity can store in battery in day time and we 

can use it in night time for high way illumination, signal system on road, tollbooth or any other 

useful work. And compressed air can use for cleaning purpose in tollbooth and refilling of air in 

tires. This paper helps for conservation of natural resources. 

 Borse S.H., Satpute A.G. Expalined about air conditioning system by using vehicle 

suspension. When vehicle is run on bumpy road or uneven road then suspension spring move 

Volume 02, No. 4, April 2016 Page122 continuously up and down. The pneumatic cylinder is 

installed below this spring arrangement. This pushing power is supplied to pneumatic piston and 

cylinder arrangement which compresses the air. This compressed air is supplied to air tank 

through non return valve. By the placement of non return valve stops the back flow of pressurized 

air into cylinder again. That high pressurized compressed air is stored in air tank. When we want 

to turn on A.C. system the pressurized compressed air is supplied to parallel flow heat exchanger 
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through pipe by using knob. 

 Sivanantham.K 1, Banuchandar.N2, Hariprakash.K 3, Jeeva.M., Vehicles, derived from 

the Latin word, vehiculum,   are   non-living   means   of   transport. Vehicles may be propelled 

or pulled by animals, for instance, a chariot, a stagecoach. However, animals on their own, though 

used as a means of transport, are not called vehicles, but rather beasts of burden or draft animals. 

This distinction includes humans carrying another human, for example a child or a disabled 

person. A rickshaw is a vehicle  that  may carry a human and be powered by a human, but it is 

the mechanical form or cart that is powered by the human that is labelled as the vehicle. For some 

human-powered vehicles the human providing the power is labelled as a driver. Vehicles that do 

not travel on land often are called craft, such as watercraft, sail craft, aircraft, hovercraft, and 

spacecraft Land vehicles are classified broadly by what is used to apply steering and drive forces 

against the ground: wheeled, tracked, railed, or skied. While Vehicle running on the road ways, 

foot pump produces air in vehicle suspension. Generated air is stored in a tank. Here we are 

fabricating the model for four wheeler vehicles without using any fuel input, and it is known as 

pneumatic vehicle. The arrangement of the setup is using the pneumatic rotor (or) gun which is 

coupled with the worm shaft. The spur gear is connected with the rear wheel shaft which is 

engaged in the worm shaft. The front wheel drive is to make as the mechanism of rack and pinion 

which is coupled with the steering shaft 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 

 

CHAPTER 3 

SUSPENSION SYSTEM 

 

3.1 SUSPENSION SYSTEM 

The main function of a suspension system in a vehicle is to absorb or damp out all the 

vibration transmitted from the road to the vehicle’s body through the wheels’ vertical 

movement. The suspension system consists of four main components: sprung mass, or quarter 

the car body, unsprang mass (wheels), springs, and dampers. The road irregularities act on the 

wheels and create displacement input on the level of the wheels. The vibration motions get 

transmitted from the wheels to the car body following a certain frequency. The suspension 

system components such as the springs and dampers filter the vibrations between the wheels 

and the car body to prevent the motion from acting upon the car body, and to also prevent the 

wheels from losing contact with the road for an optimal driving situation.[4] 

There are three types of suspension systems that are classified as passive, semi-active, 

and active suspension systems. The passive suspension is widely used for the majority of 

commercial cars since it has a high market value. The damping force in this case is tuned to a 

constant value. The semi-active suspension relies on the road input to calculate a better isolation 

value for the vibration of the wheels by linking the change of the damping force to the road 

profile. As for the active suspension system, the components apply an opposite force from the 

actuator to negate the force applied by the road through the oscillation of the wheels. 

3.1.1 Passive Suspension System 

Passive suspension system is commonly used in the majority of today’s car industry. 

The system is designed to diminish car vibration energy by a mechanical damping through fluid 

or dry absorption of motion. The system consists of springs and single-tube or twin-tube 

dampers. The dampers are the suspension system components that control the ride comfort and 

vehicle 
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stability. Soft dampers generate a smoother motion on the level of the suspension which 

results in a more comfortable ride for the driver, while stiffer dampers maintain an optimal 

stability of the car by maximizing reduction the oscillations on the level of the suspension. 

Using the previous knowledge, the damping force in the passive suspension system then gets 

tuned to a chosen value or condition that is optimal for most of the road’s irregularities. Thus, 

this system only operates on roads in which the road condition does not shift constantly. 

3.1.2 Semi-Active Suspension System 

Different to the condition stated in the passive suspension system, the semi-active 

suspension system has the advantage of altering the damping force in respect to the external 

power exerted on the wheels when the vehicle experiences different road irregularities. This 

system consists of sensors and micro-controllers that receive an input signal from the road and 

change the damper characteristics to match the road profile. The dampers then eliminate all the 

vibrations in the shortest period of time for a better driving experience. Thus, the performance 

of the semi- active suspension system proves superior to that of the passive suspension system 

especially when responding to a sudden effect of hitting an acute road irregularity. The semi-

active suspension system relies on an electronic controller, and it is electrically powered by the 

car, but even if the controller fails the system still automatically operates as a passive 

suspension system for that period, which is still optimal as using a passive suspension system 

vehicle. 

3.1.3 Active Suspension System 

The active suspension system is a fully electric system that relies on both the power 

provided by the car’s battery and the external power exerted by the ground on the wheels. The 

performance of the system uses feedback control by mounting an actuator that acts as an 

external force that diminishes and suppresses the vibrations. However, the active suspension 

system can only be implemented for large vehicles due to its immense size, weight and 

electricity consumption. Moreover, since the system totally relied on the car electric power to 

operate, if the power is down, the vehicle will have zero damping force, thus, the system safety 

remains questionable. 
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3.1.4 Dampers in Vehicle Suspension System 

The dampers or the shock absorbers in a vehicle’s suspension system are considered 

major components of the system. They are designed to suppress vibration energy through fluid, 

air, or dry frictions. There are two types of dampers, the passive dampers that are commonly 

used in cars and that use mono-tube or twin-tube oil damping, while the semi-active dampers 

use a wider variety of damping strategies in the vehicle’s suspension system such as Solenoid-

valves, ER-fluid, MR-fluid, Eddy current and electromagnetic dampers [4]. The last type is an 

active damper that works on reaching the best suppression performance in return of power 

consumption, price and weight. 

3.1.5 Passive Dampers 

The passive damper is commonly referred to as hydraulic damper. This system is 

conventional for the use in most automobiles due to its market value and simplicity. The 

hydraulic damper works on the mechanical movements on the level of the piston valve in the 

oil chamber to absorb the vehicle vibration due to the viscosity of the oil that helps absorb the 

oscillation inside the damper. 

 

 

Figure 3.1 Hydraulic Damper Diagram 
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3.1.6 Ground Vehicle Dynamics 

When talking about reality, the road is not totally flat. Vehicles always experience 

various types of disturbances, which act on the car as a form of vibration. Road roughness differ 

from a road to another resulting in a variation in the energy dissipated by shock absorbers. Thus, 

it is highly recommended to understand the possible flow of energy suppressed by dampers 

when the vehicle experiences different speeds on a high oscillation road. Thus, studying the 

road roughness helps know and predict the multiple roads the vehicle can be experiencing. 

3.1.7 Road Roughness 

When the vehicle is traveling on the road, the wheels move in respect to the trajectory 

of the imperfections of road surface. Thus, as stated before, the road imperfections can be 

referred to as ground displacement input. This displacement input is a space variable working 

on a space domain, therefore, it is needed to convert it into time domain for future calculations 

for the suspension velocity. 

3.1.8 Suspension Displacement and Velocity 

The modeling of road disturbance works as a displacement input from the ground to the 

wheels. The process of the transition consists of transforming the vehicle’s speed into an 

increase in the root mean square value of displacement (RMS). When driving with a speed of 

96kmh on an average road, the RMS suspension velocity can reach 0.25 m/s. The following 

figures show respectively both the suspension displacement and suspension velocity of a car 

traveling at 96kmh on an average road. 
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Figure 3.2 Displacements and Velocity Analysis over Vehicle Speeds 

 

 

3.2 Direct TPMS 

 

A direct TPMS system identifies tire pressure through pressure sensors. Those pressure 

sensors are attached to the tire valve; they change color when the pressure starts decreasing 

below the normal values. Even though the pressure sensors have relatively low accuracy, the 

most sophisticated version of the direct TPMS comprises radio frequency transmitters and 

receiver implemented to warn the driver in case of car under-inflation or over-inflation. The 

warning system can consist of a LED, an audible warning or displaying a warning message. 
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Figure 3.3 Direct TPMS System. Each tire comprise a sensor and a transmitter 

 

Generally, the sensors used in a direct TPMS system are small and light in order to avoid 

centrifugal forces effects. They can operate in a temperature range from -400C to 1200C. 

The package consists of a transmitter, a control unit and a long-life battery. Thanks to 

their manufacturing using CMOS technology, the system consumes very small amount of 

energy, which holds the battery’s lifespan even longer.
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3.3 INDIRECT TPMS 

An indirect TPMS system tackles under inflation identification using wheel speed 

computations. The vehicle’s weight causes the tires’ diameter to decrease when their pressure 

is lower than standard. A tire with diminished diameter rotates at an angular velocity different 

from the one when it is a normal pressure. The angular velocity of a tire is defined by: 

 

Where v is the vehicle’s speed, r is the tire’s nominal radius, rc is the tire’s effective 

radius, and δr is the tire deflection. 

 

 

Figure 3.4 Illustration of the quantities intervening in angular velocity measurement 

 

The calculation is processed using a software based on an algorithm that works with cars 

that possess antilock system. The antilock system usually provides angular velocities of each 

tire. The monitoring of tire inflation outputs a variable β: 
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where ωlf, ωrf, ωlr, ωrr denote left front, right front, left rear, and right rear wheel angular 

velocities, and ωa is the average angular speed. The variable β is negligible when the tire 

pressure is within the allowed range of pressure. 

However, there are many disadvantages to the system; it does not actually measure the 

pressure of each tire. The system only operates when the vehicle is in motion, and it does warn 

the conductor only when the pressure drop is below 25% of the normal pressure. 

The above systems are both used to calculate the tire’s pressure while the car is moving 

and send feedback to the driver about the state of the tire. Thus, our product system is relying 

on the TPMS output to monitor both the tire’s pressure and the compressed air inside the air 

tank of the product itself. 

3.4 OVERVIEW ON COMPRESSORS FUNCTIONING 

An air compressor is a device used to condense air into a storing device that later will 

contain compressed air. The process varies from an air compressor to another. There are three 

distinctive types of air compressors working up to date. The first type is the rotary-screw 

compressor, it is mainly used to generate high pressure compressed air, and relies on a 

mechanical function of rotation to produce condense air. The latter is often used to replace 

reciprocating compressors when high pressured air is needed. 
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The second type of compressors is the centrifugal or radial compressor. This type works by 

increasing the entering velocity of the air that gets converted into static pressure through a rotating 

motion on the level of the diffuser that reduces the air flow, thus, resulting in a more compressed 

air when exiting the diffuser. 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Inlet velocity triangle for 

centrifugal air compressor 

Figure 3.7 Exit velocity triangle for 

centrifugal air compressor 

 

The third type of air compressors, which is the tool we’re using in our model, is the 

reciprocating air compressor. The latter uses the mechanical movements of a piston inside a cylinder 

to compress air. There are two sub-types of reciprocating air compressor: the first type is the single-

The rotation creates a pressure on 

the air between the two threads of 

the cylinders, which results in 

producing compressed air at the 

bottom of the compressor that 

gets stored instantly. 

 

 

 

 

 

 

 
 

Figure 3.5 Mechanical 

movements generating 

compressed air on the level of 

the Rotary- 
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stage compressor, which compresses air only once for each complete movement of the piston. The 

second type is the two-stage compressor that compresses air twice for one movement of the piston. 

The two-stage compressors are used to create medium pressure air up to 200 psi, while the single-

stage compressors are considered low pressure air compressors as it produces a compressed air for 

less than 150 psi. 

 

Figure 2.8 Single Stage Reciprocating Air Compressor 

 

 

Figure 2.9 Two Stage Reciprocating Air Compressor 
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We chose to use the reciprocating air compressor because it only relies on the mechanical 

movements of the wheel. Without any need for electricity or energy, we will reduce the materials 

used for the product, along with the space taken. Also, we chose the single-stage air compressor 

over the double-stage one because it only consists of one piston which is optimal for placing it above 

the tire. 

3.5 INTRODUCTION TO VEHICLE SUSPENSION 
 

A vehicle’s suspension is a system linkage between the tires and the body of the vehicle that 

allows a movement between the two. The whole system works as an oscillation nullifier while the 

vehicle goes through any of the vehicle dynamics principles (Road isolation, Road handling and 

cornering). The job of a suspension system is fundamental to the vehicle’s movement since it keeps 

the tires at constant friction with the horizontal road. There are three types of suspension that can be 

used in a vehicle. The first one is the active suspension that uses electronic monitoring of the vehicle 

and tire’s placement in respect to the ground. That way it automatically resets to the road level to 

keep the tire in friction with the road. 

 

Figure 2.10 Quarter Car Model of Active Suspension 

The semi-active suspension is another type that consists using multiple electronic based 

devices such as air springs that consist of an electrically powered compressor. This type of 

suspension is often used in buses, trucks and trains. 

The passive suspension is the third type of suspension which relies only on the mechanical 

movements of its parts to absorb the vertical movements of the tire. 
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Figure 2.11 Quarter Car Model of Passive Suspension 

This system appears to be optimal for our product designed since it only relies on a mechanical 

movement which suits our product’s mechanism 

 

                                       ACTUAL WORKING MODEL 
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CHAPTER 4 

DESIGN AND ANALYSIS 

 

4.1 DOUBLE ACTING PNEUMATIC CYLINDER  

Given date: 

Cylinder: 16*25 

Bore diameter= 16mm Stroke length= 25mm 

Volume of air exhaust =stroke *area of piston 

=25*π/4*    

=5026.54mm^3 

Area of piston =π/4*16^2=201.06mm^2 

Outstroke force (F) = pressure *Area of cylinder 

=0.6*201.06 

=120.63 N 

Piston rod area      = π/4*d^2 

= π/4*7^2 

=38.48mm^2  Effective area= piston area- piston rod area 

=120.63 -38.48 

=82.177 mm^2 

The force applied to actuate the brake in this problem is the in-stroke force. 

In-stroke force for various pressures, 

• P =0.4Mpa 

In-stroke force = P*A 

= 0.4*82.177 

= 32.87N 

• P =0.6MPa 
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In-stroke force= P*A 

=0.6*82.177 

=49.30N 

• P =0.85MPa 

In-stroke force= P*A 

= 0.85*82.177 

= 69.85N 

Table 1 

Sr.no Pressure, P (M Pa) In-stroke force (N) 

1 0.4 32.87 

2 0.6 49.30 

3 0.85 69.85 

 

4.2 SYSTEM PREREQUISITES 

The system needs to constantly keep the compressed air tank full in order to ensure 

reliability of the overall design. The car tires need to be at a pressure of about 2.5 bars. Since, 

the transfer occurs twice: from the pneumatic cylinder to the tank and from the tank to the 

tires. Therefore, the tank needs to at least provide air at a pressure around 4 bars, so the air can 

move to the tire. The tank chosen needs to operate at a maximum pressure higher than 4 bars, 

and the pneumatic cylinder needs to provide air at 4 bars or higher. 

 

4.3 DYNAMIC FLOW 

4.3.1 Pneumatic cylinder specifications 
 

The most crucial component of this project is without any doubt the pneumatic cylinder 

incorporated in the suspension. In order to simplify the calculations, an industrial pneumatic 

cylinder was chosen with compliance to space restrictions. The cylinder chosen is a double 

acting pneumatic cylinder from ASCO having a bore of 63 mm and a stroke of 100 mm. 

Additional information can be found in the cylinder’s datasheet in the appendix. 
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4.3.2 Energy efficiency 
 

Generally, pneumatic cylinders have a efficiency factor from 50% up to 90%. In order 

to ensure a valid pressure output transmitted to the tank, the minimum efficiency of the system 

needs to be calculated. 

First of all, the force applied by the piston needs to be calculated using the following 

formula. 

 

Having Patm=101.325kPa, outstroke are Aout=0.0027m2, ms300kg, and an angle of 

inclination of 45 degrees, we obtain a force F=2354.59N. 

 

Now, the input power to the distance is needed: 

 

 

Having F already calculated above, and a max velocity of the piston with respect to the 

road profile of 0.15 m/s according to [4], the input power is 353.19W. 

The desired output power is known through the formula: 

 

Where, P is the output pressure and Q is the air flow entering the system. The tank needs 

at least to be at a pressure of 4 bars in order to inflate the tires; therefore, Pmin needs to be 

used if we are to calculate the minimum efficiency for the system to work properly. The 

entering air flow is proportional the maximum velocity of the piston. 

 

Having the instroke area Ain=0.0031m2 and the maximum velocity of the piston same 

as used before, the intake air flow equals 0.000467m3/s. Therefore, the minimum output 

desired would be 186.8W. 

Now, the minimum efficiency required for a normal functioning of the system is about 

53% using the formula: 

 

Clearly, the system has a wide margin of efficiency drop in the system since cylinders 

operate above an efficiency of 50% unless there are leaks or parts wear. 
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 4.3.3 Air tank specifications 
 

 

The air tank used for the design project needs to comply with various constraints; it has 

to be relatively light, have a decent capacity and working pressure. There are industrial tanks 

that conform to our specifications. 

 

Figure 4.1 Tank diagram 

 

The figure above shows compressed air tanks from Pneumatiek that have characteristics 

perfectly fitted for our requirements. They have different configurations to choose from; the 

tank chosen has a maximum working pressure of 7 bars, a capacity of 7 liters. Their 

dimensions are suited for a car application having a length of 240 mm, a diameter of 210 mm 

and a weight of 3.2 Kg. Additional information can be found in the appendix. 

4.3.4 Flow Control of the System 

 

Once the air tank reaches its maximum capacity, the pneumatic actuator should no 

longer provide it with compressed air. In order to achieve this task, a solenoid control valve is 

used to control the system. The control valve used is a 3/2 valve, which translates to 3 ports 

and 2 positions. Switching from a position to another in a solenoid valve is performed using a 

solenoid as the name states. One port is always connected to the outlet of the pneumatic 

actuator; the two remaining ports interchange based on the position of the valve. The left 

position connects the outlet of the pneumatic cylinder to the tank; while the second one acts 

as an exhaust for the unused compressed air. Additional processing elements should be 

implemented in the pneumatic circuit like air regulators; however, they are omitted in this 
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circuit for the sake of simplicity since we are mainly focusing on the performance of the 

design. The figure # shows the simplified pneumatic circuit used for the design drawn using 

Pneu Draw tool. 

 

Figure 4.2 Pneumatic Circuit 

The control valve changes positions to connect with the tank whenever a pressure sensor 

inside the tank indicates that the pressure is below the minimum pressure required. 

 
4.3.5 Thermodynamics modeling of the system 

 

In order to transfer the air to the tank, additional work is required. 

 

 

 

So, the total work needed to realize a single stroke is the sum of the work done to 

increase internal energy and the work needed to fill the tank. 

 

 

The initial energy of the air in the compression chamber is added to the total work 

calculated above. 

 

The general equation for internal energy is related by: 
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Therefore, the change in pressure after the ith stroke is: 

 

 
 

For an infinitesimal change in pressure, we obtain the following differential equation 

 

 
 

After integration, we obtain the equation for pressure at the ith stroke 

 

 

 

 

 

The maximum pressure in the tire is 

 

 

 

The maximum temperature is the tire is found using the following formula 

 

 
 

Finally, the total work done while compressing and transferring the air into the tank is: 

 

 
 

 
 

Using the appropriate values concerning our study, Po initial pressure in the tank: 1 atm, V 

tank volume: 7 liters, P pressure to reach in the tank: 4 bars to 7. We obtain a total needed 

work of W= 142.89 kJ spread over a 15 minutes of cumulative oscillation; it requires 158.77 

W of power, which complies with the output power generated. 

 



31 

 

4.4 SUSPENSION ANALYSIS 

 

In this subsection, an analysis of the normal passive suspension system of a car is to be 

performed to later be compared to the system proposed by this project. This analysis is 

targeting the dampening effect of the solution and how it is in no way affecting the normal 

functioning of the suspension. The approach used in this analysis is the quarter car model 

employed in many studies targeting vehicle suspension. The quarter vehicle model is a 

simplification used to study vehicle suspension. There are many variations of the model. The 

model used in this paper is based on the assumptions that the tire is modelled as a linear spring 

with damping as opposed to other similar models; also, no rotational behavior neither in the 

wheel nor the body is considered, the motion of the damper and spring are linear and the tire 

never loses contact with the surface of the road.  

4.4.1 Normal Passive Suspension 

Force Analysis 

 

A basic free body diagram of the suspension is drawn and used for the analysis. 

 

 
 

 

Figure 4.3 Quarter Car Model of Passive Suspension 

The figure above shows the forces applied on both the sprung and unsprung mass. The 

sprung mass defines the fraction of the vehicle’s total mass supported by the car’s suspension; 

the unsprung mass is simply what remains of the mass, which is the mass of the suspension 

and wheel. 
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Separate free body diagrams of both the sprung and unsprung mass are made to analyze the 

forces applied on them. 

 
 

Figure 4.4 Sprung Mass FBD 
 

 
 

The forces applied on the sprung mass are the spring force FK2 and the dampening force 

FB2. Replacing the above equation with its respective definitions, we obtain: 

 

 
 

 

Where, K2 is the suspension stiffness 

B2 is the dampening coefficient of the suspension 

Applying the same analysis on the unsprung mass while considering the reaction forces 

of the forces applied on the sprung mass, we obtain: 

 

Figure 4.5 Unsprung Mass FBD 

 

 

Where, K2 is the suspension stiffness 

B2 is the dampening coefficient of the suspension K1 is the tire stiffness 

B1 is the dampening coefficient of the tire 
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Those two equations obtained constitute a system of second order differential equations 

describing the positional behavior of the sprung and unsprung mass with respect to the road 

profile. 

4.5 SIMULINK MODELING AND SIMULATION OF THE NORMAL 

PASSIVE SUSPENSION 

In order to solve the above system of second order differential equations, a computer 

aided simulation software is needed. Simulink was used to obtain the graph of whichever 

output is needed (position, position difference, velocity, acceleration). 

The initial data required in order to model the system was extracted from previous 

studies. The most important parameter to analyze in order to make relevant conclusions about 

the damping functioning of the suspension is the difference of positions of the sprung 

and unsprung mass. 

 

 

Figure 4.6 Simulink Model to Solve Passive Suspension Analysis 

The figure above shows the model of the system of second order differential equations made 

for the normal passive suspension studied earlier. Simulink models the gravity forces 

and masses (unsprung and sprung) of inertia. It determines the damping behavior of the 

system induced by the excitation of the suspension at various frequencies and damping 

factors. 

The values used in the modelling of the quarter car model are retrieved from datasheets 

concerning a common passenger vehicle. 
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Table 1 Values datasheet for typical passenger car 

 

 

Sprung Mass Ms  

Unprung Mass Mu  

Spring Constant K2  

Spring Constant K1  

Damping Coefficient B2  

Damping Coefficient B1 

300 kg 

40 kg 

15,000 N/m 

150,000 N/m 

1000 N.s/m 

150 N.s/m 

 
 
 

Consequently, a scope is linked with the position difference and therefore plotted. The plot 

below represents the behavior of the position difference of sprung and unsprung masses. 

 

 

Figure 4.7 Position Difference of Sprung and Unsprung Masses 

As we can see in the figure 3.7, the position difference starts oscillating when hitting a 

bump. This oscillation is damped critically until it reaches the initial distance between the two 

masses. This graph represents the normal behavior of vehicle suspension, where the sprung and 

unsprung masses starts at specific distance from each other depending on the suspension system 

used. After being disturbed (bumps for example), the dampers absorb the shock and consequently 

the oscillating movement of the two masses until reaching equilibrium back. 
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4.6 SUSPENSION WITH INCORPORATED PNEUMATIC CYLINDER 

 

Forces analysis 
 

Similarly,  the  same  force  analysis  is  performed  on  the  suspension  including  now  the 

pneumatic cylinder. 

 

 
Figure 4.8 Quarter Car Model for Suspension including Pneumatic Cylinder 

Again, splitting the sprung and unsprung mass into two separate free body diagrams: 

 

 
Figure 4.9 Sprung Mass FBD 

 

 
 

The forces applied on the sprung mass are the spring force FK2, the dampening force FB2 and the 

dampening force of the pneumatic cylinder Fp.  
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Replacing the above equation with its respective definitions, we obtain: 

 

 
 

Where, K2 is the suspension stiffness 

 

B2 is the dampening coefficient of the suspension 

 

 

Applying the same analysis on the unsprung mass while considering the reaction forces of 

the forces applied on the sprung mass, we obtain: 

 

 

Figure 4.10 Unsprung Mass FBD 
 

 

 

 
 

Where, K2 is the suspension stiffness 

 

B2 is the dampening coefficient of the suspension K1 

is the tire stiffness 

B1 is the dampening coefficient of the tire 

 

C is the dampening coefficient of the cylinder 

 

Identically to the analysis done previously, these two equations resulted describe the positional 

behavior of the sprung and unsprung mass with respect to the road profile. 
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4.7 SIMULINK MODELING AND SIMULATION OF THE NEW DESIGN 

 

The same model for the normal passive suspension is again used with the addition of the 

pneumatic cylinder and its dampening effect on both masses. Again, we are interested in seeing 

how the difference of position of the two masses behaves as we incorporate a pneumatic cylinder 

between the two. 

 

Figure 4.11 Simulink Model for Suspension including Pneumatic Cylinder 

 

 

 
The figure above is very similar to the one realized for the normal passive suspension. 

However, it features the damping coefficient of the pneumatic cylinder as an extra term to one of 

the differential equations as developed above. The same data retrieved for the typical passenger 

car summarized in table# is used in this study in order to ensure consistency of the results and a 

reliable comparison between the two configurations. Similarly, the scope is used here to plot the 

position difference of the two masses in order to retrieve the behavior of the two masses when the 

car hits a bump. 
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Table 2 Values Datasheet for Typical Passenger Car 
 

Sprung Mass Ms 300 kg 

Unsprung Mass Mu 40 kg 

Spring Constant K2 15,000 N/m 

Spring Constant K1 150,000 N/m 

Damping Coefficient B2 1000 N.s/m 

Damping Coefficient B1 150 N.s/m 

Damping Coeff. Cylinder c 400N.s/m 

 

 

Consequently, a scope is linked with the position difference and therefore plotted. The plot 

below represents the behavior of the position difference of sprung and unsprung masses. 

 

 

Figure 4.12 Position Difference of Sprung and Unsprung Masses 

 

 

Identical to the results from figure 3.7, this figure shows the difference in position between 

the two masses when the car goes over a road bump. Clearly, we can observe the damping 

behavior of the added pneumatic cylinder as the two masses reach equilibrium faster in this 

suspension configuration as opposed to the normal one studied earlier. 
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4.8 STEEPLE ANALYSIS 

The STEEPLE analysis is a model that identifies-in the same order- the major social, 

technological, economic, environmental, political, legal and ethical factors in a certain 

process that would affect, either positively or negatively, the targeted audience. 

• Social Factors 

The product between hands is mainly targeting the big social issue of deaths caused 

by car accidents. This project will directly help reduce the numbers of deceases in the 

highways by preventing any failure of vehicle tires. 

• Technological Factors 

The whole project is relying on a technological basis; the use of the mechanical 

movements of the shock absorbers and the electronic materials to define the air pressure of 

the tire are both major components in the calculations to regulate the air pressure inside the 

under-inflated tire. 

• Economic Factors 

The designed product is an included part in the making of the new issued vehicles, 

thus, the price will be included in the vehicle’s price in the selling process. Also, under-

inflated tires directly cause over- consumption of the vehicle’s fuel. This product will 

prevent the engine from consuming more, therefore, minimizing the cost of fuel per distance 

traveled. In other hands, when minimizing tire damage risks, the consumer will avoid the 

extra fees for tires’ replacement each year. 

• Environmental Factors 

As stated above, the product will minimize fuel consumption and fuel combustion per 

distance traveled. This will automatically reduce the toxic emissions of the vehicles. 

• Political Factors 

Since our product is targeting the vehicle’s factory alone, without having any business 

dealing with the politics of the company, the political factor does not apply to it. 
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• Legal Factors 

Our product provides the car with an internal operating system that helps the user 

have access to compressed air at any time. Thus, the product is legally approved since it 

will not push the vehicle exceed the weight limit. 

• Ethical Factors 

The project remains side to side with the ethical rules of engineering since it provides 

the public with an easier way of life. It also helps simplify their daily tasks and reduces the 

public’s concerns regarding the inconveniences of under-inflated tires. 
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CHAPTER 5 

 

CONCLUSION AND FUTURE SCOPE 

 

5.1 CONCLUSION 

In this project, the aim is to produce an innovative design of car shock absorbers 

that integrate a compressor that is capable of producing enough compressed air to pump 

tires. A vehicle equipped with this system has practically self-inflating tires. The product 

relieves its users from many burdens such as the inconvenience of checking tire pressure 

regularly, the cost of changing tires because of damage due to under-inflation, etc… The 

project is still in project, and many tasks are still to be performed. The most important and 

crucial part of the project is the analysis that would produce the necessary dimensions to 

design the compressor. The analysis is still unfinished due to many variables that intervene 

in the functioning of the system. The design and modeling is relatively easy to complete 

once dimensions are retrieved from the analysis. In addition, industrial drawings are still to 

be generated once the modeling using computer aided modeling software. Finally, a 

simulation of the resistance of the material to friction and heat is pending as well. 

 

5.2 SCOPE FOR FUTURE WORK 

 

There is always some future scope for any research work. For this particular work, 

it may be possible to reduce the weight of suspension system .The modification in the 

suspension system will improve the straight line stability. It is further suggested that use 

of multiple air compressors attached with the same speed breaker would lead to 

improvement in the efficiency of the device. 
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ABSTRACT 

 The case discusses the marketing strategies of Japan-based Honda Motor 

Company Limited (HMCL) in India. Though HMCL had entered India way back in 1984 by 

entering into joint ventures with leading two-wheeler companies, the company established its 

wholly owned subsidiary - Honda Motorcycle and Scooters India Limited (HMSI) in October 

1999. Within a couple of years after the launch of its successful products including Activa, 

Dio and Eterno, HMSI had emerged as the largest scooter company in India. The case 

describes in detail the product, pricing, distribution and promotional strategies of HMSI. It 

briefs the challenges faced by the company and its recent foray in the motorcycles business in 

India. The case also includes a brief note on the Indian two-wheeler industry describing the 

leading players and their marketing strategies. 

 

Key words – marketing strategies , Honda motors  
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INTRODUCTION 

 
In the present scenario marketing and sales is a major challenge for seasoned 

professional. And it is no surprise that Marketing is a tough concept to understand. Marketing 

is the activity, set of institutions, and processes for creating, communicating, delivering, and 

exchanging offerings that have value for customers, clients, partners, and society at large. 

The    project    report    consists    of    detailed    Study    of    ―MARKETING 

STRATEGIES OF TWO WHEELERS” A sincere effort has been made to analyze working 

pattern of two wheelers. 

The report further provides information regarding Honda, its financial position, 

infrastructure with its product and services offered by them, which facilitate the buyer 

effectively. It is very important that trained marketing professionals who are able to 

communicate specific features of the services should sell the products. In the millennium all 

these activities would play a crucial role in the overall development and maturity of the 

organization. 

I hope that the research work made by me will be of great help to get the 

comprehensive knowledge of the organization. 
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Two-Wheeler Market in India Indian Two-Wheeler Market is noticing a continuous 

upsurge in demand and thus resulting in growing production and sales volume. This owes a 

lot to the launching of new attractive models at affordable prices, design innovations made 

from youths‟ perspective and latest technology utilized in manufacturing of vehicles. The 

sale of two-wheeler products has increased substantially. The sales volumes in the two-

wheeler sector shot up from 15 percent to 24 percent between 2008-09 and 2013-14. A 

considerable expansion was seen in the sales volume of the scooter segment during 2014-15 

as far as the twowheelers were concerned. This positive node makes many new players enter 

in this density market. The domestic motorcycle sales volume moved up to 10 percent, 

whereas the scooter segment recorded a growth of 30.7 percent in sales volume. In the past 2-

3 years, around a dozen new scooter brands have been introduced in India. But the 

motorcycle segment lags behind in this regard. This is due to the fact that the recently 

launched gearless scooters cater to the needs of both men and women, while motorbikes are a 

segment preferred by men only. The growth momentum is also propelled by the fact that the 

two-wheeler manufacturers in India have understood the market‟s needs and have been able 

to deliver as expected. At the end of 2014, the global business involving two-wheeler 

designing, manufacturing, engineering and selling was at an average of US$ 3.5 billion per 

manufacturer. Though, further growth in Indian Two- Wheeler Industry will depend heavily 

on people‟s personal disposable incomes that rely on India's economic growth in days to 

come. 
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The History of Marketing  

Do you know how marketing has evolved over time? 

  

Not too long ago, marketing mostly consisted of outbound marketing, which meant 

chasing potential customers with promotions without really knowing if that person was 

interested in purchasing. Thanks to the digital transformation and the rise of new 

communication channels, marketing has drastically changed over the years. 

  

To understand how marketing has changed, let’s take a look at this timeline HubSpot has 

assembled showcasing the innovations of this industry.  

  

1450-1900: Printed Advertising  

1450, Gutenberg invents the printing press. The world of books and mass copies is 

revolutionized. 

1730, the magazine emerges as a means of communication. 

1741, the first American magazine is published in Philadelphia. 

1839, posters become so popular that it becomes prohibited to put them in London 

properties. 

1920-1949: New Media 

1922, radio advertising begins. 

1933, more than half of the population in the United States (55.2%) has a radio in their 

home.  

1941, television advertising begins. The first advertisement was for Bulova watches and 

reached 4,000 homes that had television. 

1946, more than 50% of the homes in the United States already had a telephone.  

1950-1972: Marketing is Born and Grows 

1954, for the first-time revenue from television advertising surpasses revenue from radio 

and magazine ads. 

Telemarketing grows as a means of contacting buyers directly.  

1972, print media suffers an exhaustion of the outbound marketing formula.  

1973-1994: The Digital Era Flourishes 

1973, Martin Cooper, a Motorola researcher, makes the first call through a cell phone.  

1981, IBM launches its first personal computer. 
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1984, Apple introduces the new Macintosh.  

1990-1994, major advances in 2G technology, which would lay the foundation for the 

future explosion of mobile TV. 

1994, the first case of commercial spam through e-commerce is produced. 

1995-2020: The Era of Search Engines and Social Media 

1995, the Yahoo! and Altavista search engines are born.  

1995-1997, the concept of SEO is born. 

1998, Google and MSN launch new search engines. 

1998, the concept of blogging arises. By mid-2006, there are already 50 million blogs 

worldwide. 

2003-2012, the era of inbound marketing begins. 

2003-2004, three social networks are launched: LinkedIn, Myspace and Facebook.  

2005, the first video is posted on YouTube 

2006, Twitter is born. 

2009, Google launches real time searches. 

2010, 90% of all American households have a cell phone. Instagram is created in October 

10. 

Young people between the ages of 13 and 24 spend 13.7 hours on the Internet, compared 

to 13.6 hours watching television. 

2011, Snapchat is created, driving even more young users to their phones and fuelling the 

social media app craze. 

2012, there are already 54.8 million tablet users. 

2014, the rise of Influencer marketing begins. Users and brands alike begin to realize the 

power of social media users with large followings 

2014, for the first time ever mobile usage outweighs desktop usage. More users are 

checking social media, reading emails, and making purchases on their phones.  

2015-2016, big data and marketing automation are explored and used more robustly to 

advertise to users.  

2018, video marketing continues to grow, especially with Instagram’s launch of IGTV. 

Video content is no longer just limited to YouTube and Facebook.  

2019-2020, Move over millennials! Gen Z is the new focus and they have a hot new app: 

TikTok.  
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It will be interesting to see where marketing continues to grow. With new world 

events, like the COVID-19 crisis of 2020 causing millions of people to stay indoors, social 

media and marketing trends are sure to change, and we’ll be right here to track them.  

 

Types of Marketing 

Influencer Marketing 

According to the Association of National Advertisers (ANA), influencer 

marketing focuses on leveraging individuals who have influence over potential buyers and 

orienting marketing activities around these individuals to drive a brand message to the larger 

market. 

In influencer marketing, rather than marketing directly to a large group of consumers, a brand 

inspires or compensates influencers (which can include celebrities, content creators, customer 

advocates, and employees) to get the word out on their behalf. 

Relationship Marketing 

According to the Association of National Advertisers (ANA), relationship 

marketing refers to strategies and tactics for segmenting consumers to build loyalty. 

Relationship marketing leverages database marketing, behavioral advertising and analytics to 

target consumers precisely and create loyalty programs.  

Viral Marketing 

Viral marketing is a marketing phenomenon that facilitates and encourages people to 

pass along a marketing message. 

Nicknamed “viral” because the number of people exposed to a message mimics the process 

of passing a virus or disease from one person to another.  

Green Marketing 

Green marketing refers to the development and marketing of products that are 

presumed to be environmentally safe (i.e., designed to minimize negative effects on the 

physical environment or to improve its quality). 

This term may also be used to describe efforts to produce, promote, package, and reclaim 

products in a manner that is sensitive or responsive to ecological concerns. 

Keyword Marketing 

Keyword marketing involves placing a marketing message in front of users based on 

the specific keywords and phrases they are using to search.  

A key advantage of this method is that it gives marketers the ability to reach the right people 

https://marketing-dictionary.org/b/buying-roles#influencer
https://marketing-dictionary.org/d/database-marketing/
https://marketing-dictionary.org/b/behavioral-targeting/
https://marketing-dictionary.org/m/marketing-analytics/
https://marketing-dictionary.org/marketing
https://marketing-dictionary.org/marketing
https://marketing-dictionary.org/product
https://marketing-dictionary.org/marketing
https://marketing-dictionary.org/unique-visitor
https://marketing-dictionary.org/keyword
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with the right message at the right time. For many marketers, keyword marketing results in 

the placement of an ad when certain keywords are entered. 

Note that in SEO, this term refers to achieving top placement in the search results themselves. 

Guerilla Marketing 

Guerilla marketing describes an unconventional and creative marketing strategy 

intended to get maximum results from minimal resources. 

One of the best-known models is the 4Ps of Marketing, which helps you define 

your marketing options in terms of product, place, price, and promotion. Use the model when 

you are planning a new venture, or evaluating an existing offer, to optimize the impact with 

your target market. 

 

 

1.1.1. Product Honda Motorcycle and Scooter India (HMSI) is the Indian two- 

wheeler arm of the Japanese giant Honda. It is also the second-largest two-wheeler 

manufacturer in the country, after erstwhile partner Hero MotoCorp. The brand is best known 

for its popular Activa scooter range, which has been updated to meet BS6 emission norms, 

just like various other models in the brand‘s lineup. Apart from its bread-and-butter models 

like the Activa and Unicorn, the company also sells premium products from its international 

portfolio. These include the Goldwing tourer, Africa Twin adventure bike, and CBR1000RR 

sportbike, to name a few. Hero MotoCorp‘s products are normally clustered or grouped 

depending upon style, power, mileage, and requirements. The Hero Pleasure is a quite 

https://marketing-dictionary.org/advertising
https://marketing-dictionary.org/search-engine-optimization
https://marketing-dictionary.org/marketing
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primary scooter that features a minimalist layout language; however, it has all it wishes on 

the way to deal amazing with the metropolis traffic. At its heart sits an efficient 102 cc, air-

cooled, four-stroke single cylinder OHC engine which provides 5.03 KW at 7000 RPM and 

7.85 Nm at 5000 RPM. The unit is fueled through a particularly small 5-liter fuel tank and is 

mated to an automatic transmission as a long way as ergonomics are concerned, the Hero 

Pleasure comes with a large under-seat box, a extensive seat, an internal rack, a 

baggage hook and roomy footboards The Honda Activa is prepared with a couple of tiny 10 

inch wheels that are paired with 3.50 x 10 - 4 PR / 51 J the front and 3.50 x 10-4 PR / 51J rear 

tires. The scooter is obtainable with an assurance duration of 5 years are 50000 kms from the 

date of purchase, whichever is earlier. (corporate, n.d.) 

Honda Activa 6G       ,Honda Shine ,Honda Dio,Honda SP 125     ,Honda     Unicorn 

,Honda Hornet 2.0     ,Honda Livo BS6     ,Honda Hness CB350 ,Honda XBlade,Honda 

Activa 125     ,Honda CD 110 Dr,am ,Honda      Grazia      BS6 

,Honda CBR650R   ,Honda Gold Wing   ,Honda CB350RS    ,Honda    CB650R Honda 

CB500X ,Honda CRF1100L Africa Twin 

 
1.1.2. PRICE The Honda Activa charges different prices in different states according 

to different colors. It charges highest price in Mumbai that is 75,755/ and lowest price from 

Delhi that is 75,839/- Indian Rupee. The Honda Honda CB500X is incredibly priced and 

requires the intermediary to place much detail in its Promotion. Honda Activa 6G Rs. 

67,843 - 71,089,Honda Shine Rs. 71,550 - 76,346,Honda DioRs. 63,273 - 

69,171,Honda SP 125 Rs. 77,145 - 81,441,Honda Unicorn Rs. 97,356,Honda 

Hornet 2.0 Rs. 1.29 - 1.31 Lakh,Honda Livo BS6   Rs. 69,971 

- 74,171,Honda Hness CB350 Rs. 1.86 - 1.92 Lakh,Honda XBlade Rs. 1.09 - 
 

1.13 Lakh,Honda Activa 125 Rs. 71,674 - 78,797,Honda CD 110 Dr,am Rs. 64,421 

- 65,421,Honda Grazia BS6 Rs. 75,859 - 84,185,Honda CBR650R Rs. 8.88 

Lakh,Honda Gold Wing Rs. 27.76 Lakh,Honda CB350RS Rs. 1.89 -   1.95 

Lakh,Honda CB650R Rs. 8.67 Lakh,Honda CB500X Rs. 6.87 Lakh,Honda 

CRF1100L Africa Twin Rs. 15.96 - 17.50 Lakh. 

 
PLACE Place is also called channel, distribution, or intermediary. It is the mechanism 

through which goods and/or services are moved from the manufacturer/ provider company to 

the consumer or consumer. The company should distribute the product to the consumer at the 
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proper place at the proper time, Efficient and powerful distribution is essential if the company 

is to fulfill its overall advertising and marketing goals The Honda enterprise use 

intermediaries such as wholesalers, agents, retailers, the Internet, and direct advertising and 

marketing for sell their products. The Honda offers their bikes not directly to its goal 

customers. The benefit of indirect distribution is that it reduces the price of manufacturer; we 

will see reach easily outlets of Honda Company in each metropolis and purchase their 

products. This organization use Exclusive distribution for promoting their products it means 

distinctive distribution Involves restricting distribution to a single outlet. 

1.1.3. PROMOTION – Promotion is also referred to as sales promotion or 

advertising and marketing promotions. Promotion is utilized by companies to communicate 

the advantages of their products to their target markets. Promotional gear consists of 

marketing and marketing, non-public selling, public relations, sales promotion, sponsorship 

and an increasing number of direct advertising and marketing methods. The Hero 

organization makes use of so many gears for the promotion of their brands. They might 

awareness in clients throw advertising They use television, radio, newspaper, posters, and 

internet as a medium for advertising People without difficulty understand the features and 

advantages of the product from these modes of advertisement, they receive the brand identity 

and geared up to buy the product. There Pleasure targeted on product incentive promotion 

tactics. For this they provide free trials or pattern packages, coupons prizes, and more It use 

Business to commercial enterprise promotion strategy, including trade shows, conventions, 

sponsorships, contests, giveaways together with pens, notepads, hats, etc. 

1.3. Market Segmentation Honda company caters to a wide consumer base. It has 

segmented its market based on income and age. It caters to youth of all income groups. Its 

highest selling bike Honda Shine is a favorite in sub urban and rural India. It portrays itself as 

the most efficient bike range to cater to Indian Roads. 

1.4. Target Market Honda company follows selective specialization. It has a wide 

range of bikes from Rs.37,000 to Rs.95, 000. Each product has multiple optional features. 

The USP that it uses are strong, sturdy, and powerful, greater mileage, low maintenance cost, 

safe to ride, ease and comfort. Its target market includes lower middle-class consumer to 

upper middle-class consumer. It is affordable, available, and acceptable by all. 

1.5. Positioning Strategy Positioning is an act designing company‘s profile and 

image to take a top place in the minds of the targeted consumers. Positioning refers and 
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broadly means why targeted market should buy that product. Honda is having good brand 

positioning in the market due to its look, designs, models, engine, and safety measures. 

1.5.1. “Hum main Hai Hero. ―Campaign Honda Moto Corp is spreading the 

phrase approximately it with a brand-new marketing campaign. The marketing campaign 

started on Independence Day with a 120-seconds film, offering a subject tune called 

‗Hum Mein Hai Hero‘ which consists through AR Rahman. 
 

1.5.2. „Tomorrow Can‟t Wait‟ ‗Tomorrow Can‘t Wait‘ captures the restless 

energy of a generation hungry for new opportunities and new experiences. 

Different Marketing Strategies  

Marketing is not just one single strategy, but rather a combination of many different 

techniques and tactics. Below we've listed some essential marketing strategies that you 

should know about. Click on the red links to learn more about each of these strategies.  

Marketing Plan: 

Discover what a marketing plan is, why you need to design one, and the keys to creating a 

strong plan. Without a marketing plan, a company or brand can’t reach its goals.  

Digital Marketing:  

Digital marketing is the discipline of marketing which focuses on developing a strategy 

solely within the digital environment. 

Direct Marketing:  

Direct marketing is a type of campaign based on direct, two-way communication that 

seeks to trigger a result from a specific audience. 

Email Marketing:  

Email Marketing is one of the most profitable and effective techniques in terms of return. 

Naturally, it consists of sending emails to your audience, but make sure to define your 

segments well in order to be effective. 

Mobile Marketing:  

Mobile Marketing is a broad concept which brings together all marketing campaigns and 

actions focused exclusively on mobile platforms (i.e. smartphones and tablets).  

Viral Marketing:  

Having something go viral is every company’s dream. Viral Marketing spreads from one 

person to the next and is capable of going incredibly far incredibly fast.  

Performance Marketing:  

https://www.cyberclick.net/marketing/marketing-plan
https://www.cyberclick.net/marketing/digital-marketing-and-online-marketing
https://www.cyberclick.net/marketing/direct-marketing
https://www.cyberclick.net/marketing/email-marketing
https://www.cyberclick.net/marketing/mobile-marketing
https://www.cyberclick.net/numericalblogen/top-10-most-downloaded-apps-of-2020-so-far
https://www.cyberclick.net/marketing/viral-marketing
https://www.cyberclick.net/marketing/performance-marketing
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Performance Marketing is a methodology which applies various marketing methods and 

techniques and guarantees advertisers that they only have to pay for achieved results.  

Inbound Marketing:  

This methodology focuses on creating valuable content to attract qualified 

traffic and work towards the final sale.  

Don’t forget that the most important step which is starting your own marketing strategy! If 

you’re looking to launch (or relaunch) a new product or service, we have much to offer 

you. We would be thrilled to be your expert partner and help you attract visits, fully 

optimize your campaigns, and get the Best of ROI. 

Marketing Strategy 

Marketing strategy is the comprehensive plan formulated particularly for achieving the 

marketing objectives of the organization. It provides a blueprint for attaining these marketing 

objectives. It is the building block of a marketing plan. It is designed after detailed marketing 

research. A marketing strategy helps an organization to concentrate it’s scarce resouces on 

the best possible opportunities so as to increase the sales. 

A marketing strategy is designed by: 

1. Choosing the target market: By target market we mean to whom the organization 

wants to sell its products. Not all the market segments are fruitful to an organization. 

There are certain market segments which guarantee quick profits, there are certain 

segments which may be having great potential but there may be high barriers to entry. 

A careful choice has to be made by the organization. An indepth marketing research 

has to be done of the traits of the buyers and the particular needs of the buyers in the 

target market. 

2. Gathering the marketing mix: By marketing mix we mean how the organization 

proposes to sell its products. The organization has to gather the four P’s of marketing 

in appropriate combination. Gathering the marketing mix is a crucial part of 

marketing task. Various decisions have to be made such as - 

 What is the most appropriate mix of the four P’s in a given situation 

 What distribution channels are available and which one should be used 

 What developmental strategy should be used in the target market 

 How should the price structure be designed 

 Importance of Marketing Strategy 

 Marketing strategy provides an organization an edge over it’s competitors. 

https://www.cyberclick.net/inbound-marketing
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 Strategy helps in developing goods and services with best profit making potential. 

 Marketing strategy helps in discovering the areas affected by organizational growth 

and thereby helps in creating an organizational plan to cater to the customer needs. 

 It helps in fixing the right price for organization’s goods and services based on 

information collected by market research. 

 Strategy ensures effective departmental co-ordination. 

 It helps an organization to make optimum utilization of its resources so as to provide a 

sales message to it’s target market. 

A marketing strategy helps to fix the advertising budget in advance, and it also develops a 

method which determines the scope of the plan, i.e., it determines the revenue generated by 

the advertising plan. 

In short, a marketing strategy clearly explains how an organization reaches it’s predetermined 

objectives. 

 

 

 

How to Implement Your Marketing Plan 

1. Set the right expectations. 

It’s important to remember that marketing is not a quick fix. If you want your marketing efforts to 

be successful, it’s important to remember that this is a marathon, not a sprint. 

We often tell companies that it takes 6-12 months before you start to see the return on your 

marketing efforts. 

Think of it like rolling a snowball down a hill. The snowball is small at first and it takes a lot of 

work to get it started. But, once you get going, the momentum builds and it gets a lot easier for it 

to grow. 

Marketing works much the same way. It will take some time and effort to build the right 

foundation for your efforts. Once you do, you’ll start to see the momentum you’re looking for in 

your business.  

Because marketing success takes time, it’s important to make sure your company leadership and 

team understands that. Setting those expectations up front will help everyone understand 

2. Build the team and secure resources. 

Who will be on your marketing implementation team? It’s important to think through who you 

will need to help with this effort. 

http://flybluekite.com/marketing/perseverance-in-marketing/
http://www.ducttapemarketing.com/blog/2007/02/12/how-long-should-it-take-for-my-marketing-to-work/
http://www.ducttapemarketing.com/blog/2007/02/12/how-long-should-it-take-for-my-marketing-to-work/
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Sometimes, that will include employees at your company — such as members of your marketing 

department (if you have one), sales team or customer service department. 

Other times, that means bringing in an outsourced marketing partner or a number of vendors to 

help you. 

Either way, make sure you know who needs to be on your team to implement the effort. 

Also, look at what other resources you need. Are there tools, materials or education that you need 

to get started? If so, make sure you get those resources in place too. 

3. Communicate the plan. 

Once you have built your marketing team, be sure to communicate the marketing strategy to this 

group and help them understand the goals. Make sure each member of your marketing team 

understands the role they plan in the implementation effort and how they will contribute to your 

success. 

In addition to communicating the plan to your core team, you should also give the rest of your 

company an overview of your efforts. 

 This will help create excitement about your efforts and make your entire organization feel they 

are part of what is happening. 

4. Build out timeline and tasks.  

If your marketing strategy didn’t include a detailed project timeline, now is the time to build one. 

It makes sense to take each project and break it up into smaller tasks and deadlines to make the 

effort manageable for your team. 

Also, it helps to work backwards from when you want to launch an effort. So, for instance, if you 

want to launch a new website in May, work backward to see what needs to happen to deliver on 

that. 

When you’re setting this up, it can be helpful to use project management software. This will 

allow you to easily assign tasks and deadlines to team members, while also keeping everyone on 

the same page. 

Our team uses Asana and we LOVE it! It’s fantastic free tool that cuts down on email and makes 

it easy for us to stay on top of our projects. However, there are plenty of other options out there, 

such as Basecamp and Trello. 

Find the process that works best for you and then stick to that so your team can stay on top of 

their projects. 

5. Set up a dashboard for tracking success. 

You can’t manage what you don’t measure. That’s why it’s important to set up the proper 

http://flybluekite.com/
http://www.asana.com/
https://basecamp.com/
https://trello.com/
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tracking tools to measure your efforts. 

Your measurement dashboard should be a template that you can easily update with key metrics 

throughout your campaigns. 

What gets measured will be different for every company based on your goals and marketing 

strategy. However, make sure to tie your metrics to the overall business objectives for your 

marketing efforts. 

So, for instance, if your company wants to increase revenue by 25% this year, make sure your 

efforts are tracking the number of leads and sales generated from your efforts.You should 

also track the key performance indicators (KPIs) for those metrics, which are things that could 

impact those top line results. These KPIs 

 could include things like email sign ups, eBook downloads, webinar participation, etc. 

6. Monitor and check-in regularly. 

Once you’ve built that measurement dashboard, it should be easy for you to plug in the necessary 

information along the way. Doing this will help you easily gauge the temperature of your 

marketing efforts. 

At the very least, you should do a monthly check-in of your results so you can see what is 

working and what isn’t. For larger efforts, it makes sense to do this on a weekly basis. 

As part of your regular monitoring effort, you should also meet with your team regularly to go 

over the progress. This helps everyone understand how things are going and what needs to be 

done to reach your goals. 

7. Be willing to adapt. 

One of the biggest reasons for regular measurement and monitoring is so you can easily see 

what’s working with your marketing and what’s not. 

When a particular marketing effort isn’t producing the desired results, look for ways to improve 

on the tactic before throwing it out the window. Sometimes, small tweaks can make a big 

difference. 

For instance, refining your targeting and copy on your pay-per-click advertising can lead to a 

better conversion rate. Or, perhaps you can test different design or copy for your landing pages to 

see if you can improve conversions. 

And, if tweaking an effort doesn’t do the trick, look for new ideas and tactics to reach your 

audience. Although a marketing plan is a good roadmap to follow, you have to be willing to 

deviate from it if it doesn’t work. 

8. Communicate results and celebrate success! 

http://flybluekite.com/marketing/social-media-measurement/
http://flybluekite.com/marketing/social-media-measurement/
http://www.forbes.com/sites/salesforce/2014/09/24/key-performance-indicators/
http://blog.hubspot.com/insiders/landing-page-tweaks-to-increase-your-conversion-rate
http://blog.hubspot.com/insiders/landing-page-tweaks-to-increase-your-conversion-rate
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If you want to create momentum for your business, don’t overlook this important step. Letting 

your team know that your marketing efforts are working can create a huge boost for morale and 

help stimulate massive momentum for your company. 

It’s also a great idea to reward your team when you hit certain benchmarks and goals. 

 

 

 
Sales Performance: 
 

The company said it closed FY21 with total sales of 4,073,182 two-wheelers, 

including domestic sales of 38,65,872 units and exports of 2,07,310 units. HMSI Director 

(Sales and Marketing) Yadvinder Singh Guleria said, "FY2020-21 was a year of 

unprecedented uncertainties. 

Strategic marketing planning: An overview 

The strategic gap 

Marketing strategy involves mapping out the company's direction for the forthcoming 

planning period, whether that be three, five or ten years. It involves undertaking a 360° 

review of the firm and its operating environment with a view to identifying new business 

opportunities that the firm could potentially leverage for competitive advantage. Strategic 

planning may also reveal market threats that the firm may need to consider for long-term 

sustainability.Strategic planning makes no assumptions about the firm continuing to offer the 

same products to the same customers into the future. Instead, it is concerned with identifying 

the business opportunities that are likely to be successful and evaluates the firm's capacity to 

leverage such opportunities. It seeks to identify the strategic gap; that is the difference 

between where a firm is currently situated (the strategic reality or inadvertent strategy) and 

where it should be situated for sustainable, long-term growth   (the strategic intent or 

deliberate strategy). 

Strategic planning seeks to address three deceptively simple questions, 

specifically: 

* Where are we now? (Situation analysis) 
 

* What business should we be in? (Vision and mission) 
 

* How should we get there? (Strategies, plans, goals and objectives) 

A fourth question may be added to the list, namely 'How do we know when we got 

https://hbr.org/2013/08/how-to-reward-your-stellar-tea/
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there?' Due to increasing need for accountability, many marketing organisations use a variety 

of marketing metrics to track strategic performance, allowing for corrective action to be taken 

as required. On the surface, strategic planning seeks to address three simple questions, 

however, the research and analysis involved in strategic planning is very sophisticated and 

requires a great deal of skill and judgement. 

Strategic analysis: tools and techniques 

Strategic analysis is designed to address the first strategic question, "Where are we 

now?" Traditional market research is less useful for strategic marketing because the analyst is 

not seeking insights about customer attitudes and preferences. Instead strategic analysts are 

seeking insights about the firm's operating environment with a view to identifying possible 

future scenarios, opportunities and threats. 

Strategic planning focuses on the three 3C‘s, namely: Customer, Corporation and 

Competitors.
[13]

 A detailed analysis of each factor is key to the success of strategy 

formulation. The 'competitors' element refers to an analysis of the strengths of the business 

relative to close rivals, and a consideration of competitive threats that might impinge on the 

business' ability to move in certain directions. 
[13]

 The 'customer' element refers to an analysis 

of any possible changes in customer preferences that potentially give rise to new business 

opportunities. The 'corporation' element refers to a detailed analysis of the company's internal 

capabilities and its readiness to leverage market-based opportunities or its vulnerability to 

external threats. 

 
 

https://en.wikipedia.org/wiki/Marketing_performance_measurement
https://en.wikipedia.org/wiki/Market_research
https://en.wikipedia.org/wiki/Marketing_strategy#cite_note-%3A5-13
https://en.wikipedia.org/wiki/Marketing_strategy#cite_note-%3A5-13
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The BCG Matrix is just one of the many analytical techniques used by strategic analysts as a 

means of evaluating the performance of the firm's current stable of brands 

 

Perceptual mapping assists analysts to evaluate the competitive performance of brands 
 
 

A product evolutionary cycle helps to envision future directions for product development 

 

 

Porter's five forces 

Mintzberg suggests that the top planners spend most of their time engaged in analysis 

and are concerned with industry or competitive analyses as well as internal studies, including 

the use of computer models to analyze trends in the organization. Strategic planners use a 

variety of research tools and analytical techniques, depending on the environment complexity 

and the firm's goals. Fleitcher and Bensoussan, for instance, 
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have identified some 200 qualitative and quantitative analytical techniques regularly used by 

strategic analysts while a recent publication suggests that 72 techniques are essential.
[16]

 No 

optimal technique can be identified as useful across all situations or problems. Determining 

which technique to use in any given situation rests with the skill of the analyst. The choice of 

tool depends on a variety of factors including: data availability; the nature of the marketing 

problem; the objective or purpose, the analyst‘s skill level as well as other constraints such as 

time or motivation. 

The most commonly used tools and techniques include: 
 

Research methods 

 Environmental scanning 
 

 Marketing intelligence (also known as competitive intelligence) 
 

 Futures research 
 

Analytical techniques 

 Brand Development Index (BDI)/ Category development index (CDI) 
 

 Brand/ Category penetration 
 

 Benchmarking 
 

 Blindspots analysis 
 

 Functional capability and resource analysis 
 

 Impact analysis 
 

 Counterfactual analysis 
 

 Demand analysis 
 

 Emerging Issues Analysis 
 

 Experience curve analysis 
 

 Gap analysis 
 

 Herfindahl index 
 

 impact analysis 
 

 Industry Analysis (also known as Porter's five forces analysis) 
 

 Management profiling 

https://en.wikipedia.org/wiki/Marketing_strategy#cite_note-doi.org-16
https://en.wikipedia.org/wiki/Environmental_scanning
https://en.wikipedia.org/wiki/Marketing_intelligence
https://en.wikipedia.org/wiki/Competitive_intelligence
https://en.wikipedia.org/wiki/Futures_studies
https://en.wikipedia.org/wiki/Brand_development_index_(marketing)
https://en.wikipedia.org/wiki/Category_development_index_(marketing)
https://en.wikipedia.org/wiki/Market_penetration
https://en.wikipedia.org/wiki/Benchmarking
https://en.wikipedia.org/wiki/Blindspots_analysis
https://en.wikipedia.org/wiki/Capability_management_in_business
https://en.wikipedia.org/wiki/Change_impact_analysis
https://en.wikipedia.org/wiki/Demand_forecasting
https://en.wikipedia.org/wiki/Emerging_issues_analysis
https://en.wikipedia.org/wiki/Experience_curve_effects
https://en.wikipedia.org/wiki/Gap_analysis
https://en.wikipedia.org/wiki/Herfindahl_index
https://en.wikipedia.org/wiki/Change_impact_analysis
https://en.wikipedia.org/wiki/Porter%27s_five_forces_analysis
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 Market segmentation analysis 
 

 Market share analysis 
 

 Market Segmentation analysis 
 

 Perceptual mapping 
 

 PEST analysis and its variants including PESTLE, STEEPLED and STEER (PEST is 

occasionally known as Six Segment Analysis) 

 Portfolio analysis, such as BCG growth-share matrix or GE business screen matrix 

 Precursor Analysis or Evolutionary analysis 
 

 Product life cycle analysis and S-curve analysis (also known as technology life cycle or hype 

cycle analysis) 

 Product evolutionary cycle analysis 
 

 Scenario analysis 
 

 Segment Share Analysis 
 

 Situation analysis 
 

 Strategic Group Analysis 
 

 SWOT analysis 
 

 Trend Analysis 
 

 Value chain analysis 

https://en.wikipedia.org/wiki/Market_segmentation
https://en.wikipedia.org/wiki/Market_share_analysis
https://en.wikipedia.org/wiki/Market_Segmentation
https://en.wikipedia.org/wiki/Perceptual_mapping
https://en.wikipedia.org/wiki/PEST_analysis
https://en.wikipedia.org/wiki/Six_Segment_Analysis
https://en.wikipedia.org/wiki/Growth%E2%80%93share_matrix
https://en.wikipedia.org/wiki/GE_multifactoral_analysis
https://en.wikipedia.org/wiki/GE_multifactoral_analysis
https://en.wikipedia.org/wiki/Product_life-cycle_management_(marketing)
https://en.wikipedia.org/wiki/Technology_life_cycle
https://en.wikipedia.org/wiki/Technology_life_cycle
https://en.wikipedia.org/wiki/Hype_cycle
https://en.wikipedia.org/wiki/Hype_cycle
https://en.wikipedia.org/wiki/Scenario_analysis
https://en.wikipedia.org/wiki/Situation_analysis
https://en.wikipedia.org/wiki/Strategic_group
https://en.wikipedia.org/wiki/SWOT_analysis
https://en.wikipedia.org/wiki/Trend_analysis
https://en.wikipedia.org/wiki/Value_chain
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                    STATEMENT OF THE PROBLEM 

Two wheeler sector is playing an important role in the economic growth of India. In 

developing countries like India two wheeler industries is tapping on middle level income people 

and high level income people. Many two wheeler companies are coming by implementing 

marketing strategies. Many companies are producing two wheelers in reliable way. some 

companies like HONDA  are slowly stepping into rural markets. Because of marketing strategies 

the business is strengthening day by day. The specific issue is raised: to know what is marketing 

strategy? what are the factors affecting marketing strategies and its impact on consumer 

satisfaction. 
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REVIEW OF LITERATURE 
 

Running Head: Sales and Advertisement Relationship 
 

Abstract 

 

The study tries to examine the growth pattern and trend of sales and advertisement 

expenses for the selected companies over a period from 1992-93 to 2006-07. Further it seeks 

to evaluate the effectiveness of advertisement expenses on sales of selected companies 

operating in India at aggregate and disaggregate levels. It also tries to analyses the behavior 

of share of advertisement expenses in total sales for the above mentioned categories. The 

study is based on panel or pooled secondary data collected for advertisement expenditure and 

sales revenue of 134 randomly selected sample companies operating in India over the period 

from 1992/93 to 2006/07 which are further classified on the basis of amount of sales revenue 

as well as on the basis of type of product produced. In this study of Panel or Pooled data, 

Fixed Effect approach with and without dummy variables are applied to evaluate the 

effectiveness of advertisement expenses on sales. Further, annual compound growth rates 

and summary statistics are also estimated. The contribution has found that the growth rate of 

sales revenue of manufacturing and companies, whose sales revenue is more than 1000 core, 

is highest inspire of the negative compound growth rate of advertising expenses of these two 

types of companies. Further, in case of non-manufacturing companies, it has been found that 

these companies are less popular among the consumers and they are also spending less on 

advertisements as compared manufacturing companies. While answering, how much 

advertisement expenses need to be incurred, the study concludes that to a large extent it 

depends on the nature and size of industries. Paper Classification: Research Paper 

 

Advertising and Consumer Awareness of a New Product 
 

Abstract 

 

The increase of a new product‘s sales is usually attributed to consumers becoming 

informed about the existence of the product. Advertising can accelerate this consumer 

awareness process. This paper evaluates this effect. I develop and estimate a structural model 

in which the consumer purchase decision is specified using a discrete choice model with 

variation in the choice set, according to the information diffusion of the 
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new products. I also model the optimal price and advertising decisions of the firm, taking into 

account the dynamic effect of advertising on future sales (via an increase in the proportion 

of consumers aware of the product). The model is estimated using Spanish automobile data. 

The results suggest that advertising significantly enhances the information diffusion of new 

products and that firms take into account in their advertising decision this dynamics. The 

estimates show that advertising reduces the three year it takes for the information diffusion of 

a new product to half as long. 

 

The effectiveness of advertising: a literature review 
 

Abstract 

 

The aim of the paper is to propose a simple approach to monitor and control the 

encoding phase, too often neglected by the doctrine and operators in the communication 

process. The paper is discusses a possible methodology to investigate the degree of 

coincidence / discordance between what is conveyed through the advertising and what is 

actually understood by some consumers. The object of investigation is the verbal text of the 

spot in order to verify the level of understanding of the message and, if necessary, to find the 

reasons of a wrong perceived meaning. 

 

Advertising effects on awareness, consideration and brand choice using 

tracking data 
 

Abstract 

 

Using weekly data on advertising expenditures in various media and response data on 

awareness, consideration and choice, we test the hierarchy of effects hypothesis. Our 

empirical results, based on a simultaneous equations model with pooled parameters across 

brands, suggest that we can reject this hypothesis convincingly. Next, we consider a vector 

error correction model, again with pooled parameters, to see if there are dynamic effects of 

advertising. For the category under scrutiny, we find that most advertising effects exist for 

awareness, although at the same time there are effects for choice. Newspaper advertising 

turns out to be most influential. 
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Sales promotions and food consumption 
Abstract 

 

Sales promotions are widely used to market food to adults, children, and youth. Yet, 

in contrast to advertising, practically no attention has been paid to their impacts on dietary 

behaviors, or to how they may be used more effectively to promote healthy eating. This 

review explores the available literature on the subject. The review finds that while sales 

promotions lead to significant sales increases over the short-term, this does not necessarily 

lead to changes in food-consumption patterns. Nevertheless, there is evidence from 

econometric modeling studies indicating that sales promotions can influence consumption 

patterns by influencing the purchasing choices of consumers and encouraging them to eat 

more. These effects depend on the characteristics of the food product, sales promotion, and 

consumer. The complexity of the effects means that sales promotions aiming to encourage 

consumption of nutritious foods need to be carefully designed. These conclusions are based 

on studies that use mainly sales data as a proxy for dietary intake. The nutrition (and 

economics) research communities should add to this existing body of research to provide 

evidence on the impact of sales promotions on dietary intake and related behaviors. This 

would help support the development of a sales promotion environment conducive to healthy 

eating. 

A model of consumer response to two retail sales promotion techniques 
Abstract 
 

The occurrence and the choice of appropriate retail sales promotion techniques are 

important decisions for retailers. It is crucial for them to apprehend the mechanisms involved 

at the consumer level regarding these sales promotions. Therefore, in the context of 

consumers' use of retail sales promotions, a multidimensional model, which follows a 

cognitive–affective–behavior pattern, is proposed. This model is based on two different 

promotional tools — coupons and two-for-one promotions — supposed to trigger different 

promotional responses. Moreover, Through contrasting two types of promotional tools, we 

highlight commonalities in the process of promotion use, but nonetheless significant and 

interesting differences, both in the whole process and in the influence of individual-difference 

variables. Results and implications for retailers as well as for researchers are discussed. 
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The long-term effects of sales promotions on brand attitude across 

monetary and non-monetary promotions 

Abstract 

This study compares the influence of sales promotions on brand attitude across 

promotion types over time. An experiment is conducted with 154 subjects, who are exposed 

to test materials for 12 weeks. Evidence shows that the long-term effects of sales promotions 

on brand attitude vary across deal types. Non-monetary promotions seem to work better in 

eliciting consumers' favorable brand attitude than monetary promotions over time. However, 

such effects are moderated by consumers' deal proneness. Although monetary promotions 

may induce more negative effects than non-monetary promotions, these effects are weaker 

for high deal-prone consumers than for low deal-prone consumers. © 2011 Wiley Periodicals, 

Inc. 

 

Consumer research on sales promotions: A state‐of‐the‐art literature 

review 

Abstract 

Many research traditions have dealt with consumer psychology and behavior vis‐à‐vis 

sales promotions The consumer‐oriented approach seeks to identify the heavy users of 

promotions and to track their purchasing strategies involving the choice of a promoted brand 

The aim of the theory‐oriented research traditions is to test the explanatory power of various 

cognitive, attitudinal, behavioral and economic frameworks, be it to explain why and how 

consumers react to sales promotions or to understand when companies should promote This 

article exposes the specificity of each research tradition, its principal results and the most 

promising areas for future research 

The Impact of Humor in Advertising: A Review 

Abstract 

 
The use of humor has become common practice in advertising; yet our knowledge 

about its impact has not been updated since the last major review almost twenty years ago. In 

the interim, a great deal of humor research has been conducted. The outcome of this research 

only partially supports earlier conclusions and highlights the need to apply humor with care. 

Humor is by no means a guarantee of better ads, but its effect can be enhanced with careful 

consideration of the objectives one seeks to achieve as well as the audience, situation, and 

type of humor. 



24  

 

NEED  AND SIGNIFICANCE OF THE STUDY 

 
Consumer satisfaction is the most important objective for any manufacturing concern 

to successfully market its products. Honda has from gradually and would want to take a stock 

of the satisfaction level of consumers and define areas where possible improvement may be 

made. The research work has been therefore selected in this area. 

The company which produces products doesn‘t give life to sustain in competition 

without sales of products. So sales are important function of the manufacturing company to 

get profits. Through sales only wealth maximization if possible. 

Advertising are also one of the important functions in marketing. Through 

Advertising only one company can sell its products. Here the distribution channels contain 

the dealers. Who are very near to the customers and act as middlemen between the 

organizations. So there is a need to study sales and distribute on strategies. 

Advertising system includes Advertising channels. Which are sets of independent 

organizations involves in the process of making a product (or) a service available for the 

consumption. Advertising network is necessary for smooth flow of goods. 
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OBJECTIVES OF THE STUDY 

 
 To study the importance and development of auto mobile industry in today‘s scenario. 

 To understand the various Marketing Strategies which Honda has adopted to survive in 

highly competitive two wheeler industry. 

 To analyze the marketing strategies of Honda Company. 

 
 To study the marketing mix of Honda Company 

 
 To make comparative analysis of different products of Honda Company with their success 

and failure. 

 To analyze various promotional strategies and know about the current strategies keeping in 

mind the cutthroat competition and arrival of Honda Company in India.
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RESEARCH METHODOLOGY 
 

The methodology adopted for this project is exploratory in nature since there is no 

hypothesis that has to be tested. The conclusions have been drawn by exploratory research 

work. 

There have been two sources of information collected: 

 
RESEARCH DESIGN 

 

It is descriptive as it is based on primary and secondary data. Descriptive research design 

SAMPLING PROCEDURE 

 

SAMPLING UNIT: The sampling unit constituted the people in the middle-Income group 

for the bikes. 

Sample size: the sample size consists of 50 customers. 

 

Sampling procedure: Convenience sampling 
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SCOPE OF THE STUDY 
 

Strategic Marketing has been defined as the management function responsible for 

identifying, anticipating and satisfying customer requirements profitably. Strategic Marketing 

is, therefore, both a philosophy and a set of techniques which address such matters as 

research, product design and development, pricing, packaging, sales and sales promotion, 

advertising, public relations, distribution and after-sales service. These activities define the 

broad scope of marketing and their balanced integration within a marketing plan is known as 

the marketing mix. A modification of a definition of strategic marketing suggests that 

marketing is the management process that seeks to maximize returns to shareholders by 

creating a competitive advantage in providing, communicating and delivering value to 

customers thereby developing a long-term relationship with them. This definition clearly 

defines the objectives of marketing and how its performance should be evaluated. The 

specific contribution of marketing in the organization lies in the formulation of strategies to 

choose the right customer, build relationships of trust with them and create a 

competitive advantage. 

LIMITATIONS OF THE STUDY 
 
Every attempt will be taken to obtain the error free and meaningful result but as nothing in 

this world is 130% perfect I believe that there will still the chance for error on account of 

following limitations- 

(1) Respondent‘s unavailability. 

 

(2) Time pressure and fatigue on the part of respondents and interviewer. 

 

(3) Courtesy bias. 

 

As a research is based on primary data so it is not compulsory that all the customers fill the 

questionnaire. 

It is also not compulsory that all the customers who have filled the questionnaire have 

also attempted the entire question

https://www.mbaknol.com/marketing-management/stages-of-new-product-development/
https://www.mbaknol.com/marketing-management/sales-promotion/
https://www.mbaknol.com/management-concepts/marketing-planning-strategic-planning-in-marketing/
https://www.mbaknol.com/marketing-management/marketing-mix-4-ps-of-marketing-mix/
https://www.mbaknol.com/marketing-management/marketing-concept-in-marketing-management/
https://www.mbaknol.com/marketing-management/marketing-concept-in-marketing-management/
https://www.mbaknol.com/financial-management/economic-value-added-eva-and-shareholders-value-maximization/
https://www.mbaknol.com/strategic-management/how-innovation-contributes-to-competitive-advantage/
https://www.mbaknol.com/strategic-management/how-innovation-contributes-to-competitive-advantage/
https://www.mbaknol.com/strategic-management/competitive-advantage/
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CHAPTER-III INDUSTRY PROFILE 

 
Around the turn of the 20th century, bicycle racing was big in the USA Bicycles 

would race around big curved tracks called velodromes aided by pacing machines powered 

by internal combustion engines. These pacers were made in Europe and often broke down. A 

young designer named Oscar Hedstrom built his own American pacer. He met up with a racer 

named George Hendee who had his own bicycle manufacturing plant in Springfield, MA. 

The two combined forces and created a bicycle powered by an engine developed by 

Hedstrom. Thus was born the Hendee Manufacturing Company and the Indian motorcycle. 

They chose the name Indian since it would signify an American product. George Hendee 

became known as the Big Chief (B.C.) and Oscar Hedstrom became known as the Medicine 

Man. The factory was called the Wigwam and the dealer network was called the Tribe. 

The company finally changed its name from the Hendee Manufacturing Company to 

the Indian Motorcycle Company in 1923.The first V-twins from Indian were produced in 

1907. Hedstrom left the company after a dispute in 1913, never to work in the motorcycle 

industry again. In another dispute within the newly formed company, Hendee also left the 

company in 1916. The company grew at a rapid rate but had many competitors, most notably 

Harley-Davidson. Indian competed with Harley- Davidson in the showrooms, on the tracks, 

and on the streets to determine which brand was better. The second part of this article gives 

details about this war for bragging rights. The war continues to this day even though Indian 

was to go out of business for all intents and purposes in 1954. 

Indian began making motorcycles in 1901 as the Hendee Manufacturing Company. 

The first production model was in 1902 and 143 units were produced. 

In 1903 376 motorcycles were sold. It continued production through 1953 when it no 

longer made the classic Indian. In 1999 Indian motorcycles were again produced, this time by 

the Indian Motorcycle Corporation. This was not the same company but it did have rights to 

the Indian name and trademarks. 

We present here a look at Indian models from the first prototype model in 1901 to the 

present as provided by About.com members. A gallery called "58 Years 
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of Indian" is provided that gives a picture and description for each model year from 1901 to 

2014. of this article discusses the founding and early growth of the Indian Motocycle 

Company. Note the spelling here of "motocycle" instead of "motorcycle." The term 

"motocycle" was an archaic word used in the nineteenth century to denote any horseless 

carriage. Indian wanted to distinguish itself from the competition by using the older word.. 

 

HISTORICAL INDUSTRY DEVELOPMENT 

India is the second largest manufacturer and producer of two-wheelers in the world. It 

stands next only to Japan and China in terms of the number of two-wheelers produced and 

domestic sales respectively. This distinction was achieved due to variety of reasons like 

restrictive policy followed by the Government of India towards the passenger car industry, 

rising demand for personal transport, inefficiency in the public transportation system etc. 

The Indian two-wheeler industry made a small beginning in the early 50s when 

Automobile Products of India (API) started manufacturing scooters in the country. Until 

1958, API and Enfield were the sole producers. 

In 1948, Bajaj Auto began trading in imported Vespa scooters and three-wheelers. 

Finally, in 1960, it set up a shop to manufacture them in technical collaboration with Piaggio 

of Italy. The agreement expired in 1971. 

In the initial stages, API dominated the scooter segment; Bajaj Auto later overtook it. 

Although various government and private enterprises entered the fray for scooters, the only 

new player that has lasted till today is LML. 

Under the regulated regime, foreign companies were not allowed to operate in India. 

It was a complete seller market with the waiting period for getting a scooter from Bajaj 

Auto being as high as 12 years. 

The motorcycles segment was no different, with only three manufacturers viz Enfield, 

Ideal Jawa and Escorts. While Enfield bullet was a four-stroke bike, Jawa and the Rajdoot 

were two-stroke bikes. The motorcycle segment was initially dominated by Enfield 350cc 

bikes and Escorts 175cc bike. 

The two-wheeler market was opened to foreign competition in the mid-80s. And the 

then market leaders - Escorts and Enfield - were caught unaware by the onslaught of 
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the 100cc bikes of the four Indo-Japanese joint ventures. With the availability of fuel- 

efficient low power bikes, demand swelled, resulting in Hero Honda - then the only producer 

of four stroke bikes (100cc category), gaining a top slot. 

The first Japanese motorcycles were introduced in the early eighties. HERO HONDA 

HONDA and Hero Honda brought in the first two-stroke and four-stroke engine motorcycles 

respectively. These two players initially started with assembly of CKD kits, and later on 

progressed to indigenous manufacturing. In the 90s the major growth for motorcycle segment 

was brought in by Japanese motorcycles, which grew at a rate of nearly 25% CAGR in the last 

five years. 

The industry had a smooth ride in the 50s, 60s and 70s when the Government 

prohibited new entries and strictly controlled capacity expansion. The industry saw a sudden 

growth in the 80s. The industry witnessed a steady growth of 14% leading to a peak volume 

of 1.9mn vehicles in 1990. 

The entry of Kinetic Honda in mid-eighties with a radiometric scooter helped in 

providing ease of use to the scooter owners. This helped in inducing youngsters and working 

women, towards buying scooters, who were earlier, inclined towards moped purchases. In the 

90s, this trend was reversed with the introduction of cooperates. In line with this, the scooter 

segment has consistently lost its part of the market share in the two-wheeler market. 

In 1990, the entire automobile industry saw a drastic fall in demand. This resulted in a 

decline of 15% in 1991 and 8% in 1992, resulting in a production loss of 0.4mn vehicles. 

Barring Hero Honda, all the major producers suffered from recession in FY93 and FY94. 

Hero Honda showed a marginal decline in 1992. 

The reasons for recession in the sector were the incessant rise in fuel prices, high 

input costs and reduced purchasing power due to significant rise in general price level and 

credit crunch in consumer financing. Factors like increased production in 1992, due to new 

entrants coupled with the recession in the industry resulted in company either reporting losses 

or a fall in profits. 

India is one of the very few countries manufacturing three-wheelers in the world. It is 

the world's largest manufacturer and seller of three-wheelers. Bajaj Auto commands a 
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monopoly in the domestic market with a market share of above 80%, the rest is shared by 

Bajaj Tempo, Greaves Ltd and Scooters India. The total number of registered two- wheelers 

and three-wheelers on road in India, as on March 31, 1998 was 27.9mn and 1.7mn 

respectively. The two-wheeler population has almost doubled in 1996 from a base of 12.6mn 

in 1990. 

 

OVERVIEW 

 
The Indian Automobile Industry is manufacturing over 11 million vehicles and 

exporting about 1.5 million every year. The dominant products of the industry are two 

wheelers with a market share of over 75% and passenger cars with a market share of about 

16%. Commercial vehicles and three wheelers share about 9% of the market between them. 

About 91% of the vehicles sold are used by households and only about 9% for commercial 

purposes. The industry has attained a turnover of more than USD 35 billion and provides 

direct and indirect employment to over 13 million people. 

 
SUPPLY CHAIN OF AUTOMOBILE INDUSTRY 
 

 

 

 

 

 
SUPPLY CHAIN OF INDIAN AUTOMOBILE INDUSTRY 

 
The supply chain of automotive industry in India is very similar to the supply chain of 

the automotive industry in Europe and America. The orders of the industry arise from the 

bottom of the supply chain i.e., from the consumers and goes through the automakers and 

climbs up until the third tier suppliers. However the products, as channeled in every 
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traditional automotive industry, flow from the top of the supply chain to reach the 

consumers. Automakers in India are the key to the supply chain and are responsible for the 

products and innovation in the industry. 

The description and the role of each of the contributors to the supply chain are 

discussed below. 

Third Tier Suppliers: These companies provide basic products like rubber, glass, steel, 

plastic and aluminum to the second tier suppliers. 

Second Tier Suppliers: These companies design vehicle systems or bodies for First 

Tier Suppliers and OEMs. They work on designs provided by the first tier suppliers or OEMs. 

They also provide engineering resources for detailed designs. Some of their services may 

include welding, fabrication, shearing, bending etc. 

First Tier Suppliers: These companies provide major systems directly to assemblers. 

These companies have global coverage, in order to follow their consumers to various 

locations around the world. They design and innovate in order to provide ―black-box‖ 

solutions for the requirements of their consumers. Black-box solutions are solutions created 

by suppliers using their own technology to meet the performance and interface requirements 

set by assemblers. 

First tier suppliers are responsible not only for the assembly of parts into complete 

units like dashboard, breaks-axel-suspension, seats, or cockpit but also for the management of 

second-tier suppliers. 

Automakers/Vehicle Manufacturers/Original Equipment Manufacturers (OEMs): 

 
After researching consumers‟ wants and needs, automakers begin designing models 

which are tailored to consumers‟ demands. The design process normally takes five years. 

These companies have manufacturing units where engines are manufactured and parts 

supplied by first tier suppliers and second tier suppliers are assembled. Automakers are the 

key to the supply chain of the automotive industry. Examples of these companies are Tata 

Motors, Maruti HONDA, Toyota, and Honda. Innovation, design capability and branding are 

the main focus of these companies. 

Dealers: Once the vehicles are ready they are shipped to the regional branch and from there, 

to the authorised dealers of the companies. The dealers then sell the vehicles to the end 
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consumers. 

Parts and Accessory: These companies provide products like tires, windshields, and 

air bags etc. to automakers and dealers or directly to consumers. 

Service Providers: Some of the services to the consumers include servicing of 

vehicles, repairing parts, or financing of vehicles. Many dealers provide these services but, 

consumers can also choose to go to independent service providers. 
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COMPANY PROFILE 
 

 
Honda Motor Company Limited is perhaps best known as an automaker--it is the third 

largest automaker in Japan--but the company has its roots in motorcycles, and is the world's 

top motorcycle manufacturer. Its best market is in the United States, where the majority of its 

sales are generated. Honda's automobile product line accounts for approximately 90 percent 

of its sales, and includes well-known U.S. top-sellers such as the Accord, Legend, Civic, 

Prelude, and the luxury Acura. The Accord is the second most purchased car in the United 

States, although it actually ranks first on the country's list of most stolen (and thus, "in 

demand") vehicles. Honda also produces motorcycles such as the Super Cub, Foresight, and 

Shadow 750. Furthermore, the company's power products division makes other items that 

bolster annual sales, such as agricultural and industrial-use machinery, portable generators, 

outboard motors, and all-terrain vehicles. 

 

The Early Years 

Any description of Honda Motor Company's history and success must take into 

account the contrasting inclinations of its founders--Soichiro Honda and his partner, Takeo 

Fujisawa. Soichiro Honda's achievements as a mechanical engineer are said to have matched 

those of Henry Ford. Working in his Japanese machine shop in 1938, Honda concentrated his 

early efforts on casting a perfect piston ring. He soon 

http://www.referenceforbusiness.com/knowledge/Soichiro_Honda.html
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succeeded in casting a ring that met his standards, and attempted to sell it to the Toyota 

Corporation. 

Toyota rejected Honda's first batch of piston rings, but two years later the company 

finally placed a large order. At that time, however, Honda ironically found himself facing a 

major obstacle that came as a result of the order's large size--a shortage of cement. Because 

Japan was preparing for war, Honda could not secure the cement and materials needed to 

construct a factory to mass-produce piston rings. Furthermore, he could not produce the 

quantity of piston rings necessary using his facility at that time. Undaunted, Honda learned 

how to make his own cement and soon constructed the new facility. 

Honda's new factories survived the bombing attacks during World War II, but were 

unfortunately later destroyed by an earthquake. At that time, Honda sold his piston ring 

operation to Toyota and went on to manufacture motorbikes instead. He had designed his first 

bike in the early postwar years when gasoline was very scarce and the need for a low fuel-

consuming vehicle was great. After the destruction of his piston ring manufacturing facilities, 

he decided to attempt selling his motorbike on a larger scale. 

To form a company, Honda joined efforts with investor Takeo Fujisawa, whom he had 

known throughout the 1940s. In 1949 Fujisawa provided the capital, as well as financial and 

marketing strategies, to start the new company. Honda's motivation for establishing the 

company--unlike Fujisawa's--was not purely commercial, but was instead to provide himself 

with a secure financial base so that he might pursue other ambitions such as motorcycle 

racing. 

Innovations in the 1950s 

In 1950, after his first motorcycle had been introduced in Japan, Honda stunned the 

engineering world by doubling the horsepowerof the conventional four-stroke engine. With 

this technological innovation, the company was poised for success. By 1951 demand was 

brisk, yet production was slow. It was primarily due to design advantages that Honda became 

one of four or five industry leaders. By 1954 Honda had achieved a 15 percent share of the 

motorcycle market. 

Still, the two owners of the company had different priorities. For Fujisawa, the engine 

innovation meant increased sales and easier access to financing. For Honda, the higher 

horsepower engine opened the possibility of more successfully pursuing his motorcycle 

racing ambitions. Indeed, winning provided the ultimate confirmation of 

http://www.referenceforbusiness.com/knowledge/Horsepower.html
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his design abilities. Success came quickly, and by the end of the 1950s Honda had won all 

of the most prestigious motorcycle racing prizes in the world. 

Throughout the decade, however, Fujisawa attempted to turn Honda's attention away from 

racing and instead toward the more mundane tasks of running a successful business venture. 

By 1956, as the technological innovations gained from racing began to pay off in vastly more 

efficient engines, Fujisawa prompted Honda to adapt this technology for a commercial 

motorcycle--with a particular segment of Japanese society in mind. At that time, most 

motorcyclists in Japan were male and the machines they used were primarily an alternative 

form of transportation to trains and buses. There were, however, a large number of small 

commercial establishments in Japan that still delivered goods and ran errands on bicycles. 

The finances of these small enterprises were usually controlled by Japanese housewiveswho 

resisted buying conventional motorcycles because they were expensive, dangerous, and 

difficult to handle. Fujisawa suggested to Honda that with his knowledge of racing, he might 

be able to design a safe and inexpensive motorcycle that could be driven with only one hand 

(to facilitate carrying packages). 

In 1958 the Honda 50cc Super Cub was introduced. It featured an automatic clutch, three-

speed transmission, automatic starter, and the safe, friendly look of a bicycle. Its inexpensive 

price was due almost entirely to its high-horsepower, yet lightweight 50cc engine. 

Overwhelmed by demand, the company arranged for an infusion of capital in order to build a 

new plant with a 30,000 unit per month capacity. By the end of 1959 Honda had climbed into 

first place among Japanese motorcycle manufacturers, with sales of $55 million. The 

company's total sales that year of 285,000 units included 168,000 Super Cubs. 

Expansion into the United States in the 1960s 

The success of the Super Cub in Japan prompted Honda to consider expanding its 

target market to other geographic regions. The company had already experimented with local 

southeast Asian markets in 1957 and 1958, however, with little success. The European 

market, while larger, was heavily dominated by its own name brand manufacturers, and their 

popular mopeds dominated the low price, low horsepower market. Thus, Fujisawa decided to 

focus Honda's attention on the U.S. market. 

Prior to 1960, the image of the motorcyclist in the United States was that of an unsavory 

teenager who belonged to a group of unruly characters known by names such as "Hell's 

Angels" and "Satan's Slaves." In general, the U.S. public regarded 

http://www.referenceforbusiness.com/knowledge/Housewife.html
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motorcyclists as troublemakers who wore leather jackets. In the 1960s, however, Honda 

Motor Company worked to successfully transform that image, and at the same time establish 

the company as the leading motorcycle manufacturer in the world. 

In 1959 Honda established a U.S. subsidiary--American Honda Motor Company, Inc.- 

-an action which was in sharp contrast to other foreign manufacturers who relied on 

distributors. Honda's strategy was to create a market of customers who had never given a 

thought to owning a motorcycle. The company started its enterprise in America by producing 

the smallest, most lightweight motorcycles available. With a three speed transmission, an 

automatic clutch, five horsepower (an American cycle had only two and a half), an electric 

starter, and a step-through frame for female riders, Honda sold its unit for $250 retail 

compared to $1,000--$1,500 for the American machines. Even at that early date, American 

Honda was probably superior to its competitors in the area of productivity. 

Honda followed a policy of developing the U.S. market one region at a time. The company 

started on the West Coast and moved eastward over a period of five years. During 1960, 

2,500 machines were sold in the United States. In 1961, 125 distributors were established, and 

$150,000 was spent on regional advertising. Honda's success in creating a demand for 

lightweight motorcycles was impressive. Its U.S. sales skyrocketed from $500,000 in 1960 to 

$77 million in 1965. 

Honda's advertising campaign, which was directed at young families, included the 

slogan, "You meet the nicest people on a Honda." This was a deliberate attempt to 

disassociate its motorcycles from the image many Americans had of motorcyclists. The 

slogan's creation was an interesting story itself. In the spring of 1963 an undergraduate 

advertising major at the University of California, Los Angeles (UCLA) submitted, in 

fulfillment of a course assignment, an advertising campaign for Honda. Its theme was: "You 

meet the nicest people on a Honda." Encouraged by his instructor, the student submitted his 

work to a friend at Grey Advertising. Consequently, the "Nicest People" campaign became 

the impetus behind Honda's sales, and as a result, by 1964 nearly one out of every two 

motorcycles sold in the United States was a Honda. 

Transitions into Automobile Manufacture 

As a result of the growing number of medium-income consumers, banks and other 

consumer credit companies began to finance the purchase of motorcycles. This facilitated a 

shift away from dealer credit, which had been the traditional purchasing 
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mechanism. Seizing the opportunity created by a soaring demand for its products, the 

company set into motion a risky plan. Late in 1964 Honda announced that soon thereafter it 

would cease to ship motorcycles on a consignment basis and would require cash on delivery. 

Meanwhile, management prepared itself for a dealership revolt. Instead, while nearly every 

dealer either questioned or complained about the decision, not one relinquished its 

franchise. Therefore, through this one decision Honda was able to transfer the financial 

authority (and, the power that goes with it) from the dealer to the manufacturer. Within three 

years this method became the basic pattern of the industry and the Honda motorcycle had the 

largest market share of any company in the world. 

 

Meanwhile, as Honda was becoming the world's leading motorcycle manufacturer, in 

1967 it diversified and also began to produce cars and trucks. In addition, the company 

started to manufacture portable generators, power tillers, lawn mowers, pumps, and outboard 

motors. In 1967 and 1968 the company introduced two lightweight passenger cars which 

performed poorly in both the Japanese and U.S. markets. It was not until 1973 and the 

introduction of the Honda Civic that the company became a real presence on the international 

automobile market. The world was in the grip of the oil crisis, and the energy-efficient 

Japanese compacts suddenly found a worldwide market. 

Three years later, in 1976, as sales of the Honda Civic surpassed the one million 

mark, the company introduced an upscale, higher priced model named the Accord. Sales of 

the Accord grew rapidly, not only in Japan, but especially in the United States. In 1982, as a 

result of the burgeoning U.S. market for Japanese cars, production of the Accord was started 

at Honda's Marysville, Ohio, manufacturing plant. Meanwhile, Honda's total motorcycle 

production had reached some 3.5 million units per year, with one-third being produced or 

sold outside of Japan. 

As the Accord became more and more popular with middle-class Americans looking 

for high-quality, reliable, and affordable cars, management was convinced that the company 

could succeed in entering the luxury car market. In 1986, Honda introduced the Acura, which 

immediately garnered large sales throughout Japan and the United States. By the end of the 

1980s, Honda had developed into one of the leading car manufacturers in the world. 



39  

Stumbling Blocks in the Early 1990s 

Honda's success continued into the new decade. The Accord was the most popular 

and bestselling car in the United States from 1990 to 1992. U.S. sales were astronomical, 

with two cars sold in the United States for every one sold in Japan. When Honda began 

selling cars in the late 1960s, no one could have predicted that Honda would ever surpass 

Chrysler Corporation to become the third largest seller of cars in the United States. It 

happened, however, in 1993. Furthermore, in addition to car sales, the company's motorcycle 

unit even broke new ground: in 1992 Honda organized the first ever joint venture to make 

motorcycles in China. Many industry analysts predicted that the agreement would give 

Honda an initial foothold in what could become the world's largest and most lucrative 

motorcycle market. 

Yet Honda's success in an arena as competitive as the automotive industry could not 

continue indefinitely. With increasing sales of Pontiac's Grand Am, Ford's Taurus, and 

Toyota's Camry, sales of Honda's Accord slipped 35 percent in 1993. In the luxury car 

market, Acura's sales decreased 17 percent as well, battered by competition from Toyota's 

Lexus and Nissan's Infinity. Honda even lost a significant portion of its share of the Japanese 

market. Exacerbating its loss of market share was the widely publicized scandal that high-

ranking Honda managers accepted payoffs as high as 

$100,000 from dealers who wanted Honda franchises and certain types of special 

treatment. 

With over 40 percent of its worldwide sales located in the United States, Honda started 

to fight back on American soil. After Soichiro Honda died in 1991, the company initiated a 

comprehensive reorganization. Led by Nobuhiko Kawamoto, the company's president and 

chief executive officer, Honda reorganized its Japanese, European, and North American units 

into autonomousoperations to improve cost effectiveness. In order to introduce more 

Americans into company management, Honda arranged for 50 employees from its Ohio plant 

to spend two to three years working in Japan. The company also expanded its sales training in 

the United States, and introduced dealer incentives of up to $1.,000 per car in order to move 

some of its inventory. Finally, Honda introduced its first four-wheel drive vehicle, to compete 

with already established models such as Isuzu's Rodeo. 

Although Honda trimmed its overhead, incorporated more Americans into the 

management of the company, and introduced new models, none of these changes altered one 

salient fact--namely, that the worldwide car industry was saturated and 

http://www.referenceforbusiness.com/knowledge/Autonomy.html
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would remain extremely competitive for both the short and long term. Ironically, Honda 

would have to endure the same squeeze that U.S. car manufacturers had felt during the 1970s 

and 1980s, when Japanese competition almost forced them out of business. 

 

The End of the Century and Beyond 

In order to compete in the tough automobile industry environment, Honda focused 

much of its attention on research and development in 1993 and 1994. As a payoff, the 

company received a substantial amount of positive press related to its efforts. First, in 1993 it 

was noted that Honda's power product engines were the first to meet new California emission 

regulations. Later that year, Honda's experiments with alternative power sources for 

automobiles led the company to win the world's largest Solar Car race--the World Solar 

Challenge--with its Honda Dream. The following year, the company began selling the CUV-

ES electric scooter on a limited basis, and Honda's BP90 outboard motor received the IMTEC 

Innovation Award. 

 

In 1995 Honda followed these feats with the introduction of the first gasoline- 

powered vehicle to meet Ultra Low Emission Vehicle (ULEV) standards. Around the same 

time, a new version of the Civic was introduced, featuring a three-stage VTEC engine and 

Multi Matic characteristic. By then, cumulative world production for the Civic had reached 

ten million units, and cumulative world production of all Honda automobiles had surpassed 

the 30 million unit mark. Late that year, Honda introduced another vehicle to its product line-

-the sport utility vehicle CR-V. 

Honda also attempted to bolster U.S. sales through efforts to engineer and manufacture some 

of its U.S. products in that country, using American labor. In 1996, the Acura CL--which had 

been developed and produced in the United States--went on sale. That same year, the 

Valkyrie--a U.S.-made large-size custom motorcycle--was introduced. Honda won the World 

Solar Challenge once again in 1996. 

The next year brought with it Honda's creation and application of a new 360-degree 

universally inclinable ultra-small four-stroke engine, as well as the manufacture of more 

automobiles with low emissions characteristics. Also in 1997, the company reached the 

cumulative production milestone of 100 million units for its motorcycle line, and of 30 

million units for its power product line. Honda's sales continued to rebound, and the growth 

led the company to open production facilities in many new locations around the world. For 

http://www.referenceforbusiness.com/knowledge/Electric_motorcycles_and_scooters.html
http://www.referenceforbusiness.com/knowledge/Ultra_Low_Emission_Vehicle.html
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instance, in 1997 alone, new production lines of different Honda products were started in  

India, Vietnam, Turkey,  Indonesia, and Brazil. In 1998 Honda once again signed a joint 

venture agreement in China--this time to produce and sell cars. 

Soon thereafter, Honda made headlines when its U.S. workforce began publicly 

voicing a potential desire to join unions. Up to that point, Honda had been a unionless 

enterprise, surrounded in the United States by most other U.S.-based car companies who were 

supported by unions such as the United Auto Workers (UAW) and the Teamsters 

Union. In fact, no other Japanese-owned automobile company had ever approved and 

instituted a union structure before. Among some of the complaints against the company by 

workers were working conditions, retirement plans, and special treatment of temporary 

workers. Nevertheless, many Honda employees quoted in U.S. media at the time seemed to 

voice the opinion that there was no significant need for Honda workers to become unionized. 

In 1999 Honda poised itself to introduce to the U.S. market a new low-emission, fuel- 

efficient automobile made out of an aluminum and plastic mix. The new car, named the 

Insight, was powered by both gasoline fuel and electricity, and was estimated to achieve an 

amazing 84 miles per gallonof gasoline. Honda was not the first carmaker to come up with 

such a vehicle; Toyota had previously introduced a similar car to the market in Japan--the 

Prius. But Honda's late 1999 introduction of the Insight in the United States was set to beat 

Toyota's original plans for a year 2000 entry into the 

U.S. market. 

As the end of the century approached, Honda was doing quite well but still had 

weaknesses to surmount. It had come to be known as one of the most efficient car companies 

in the world. Its strengths were in its research and development know-how, its high level of 

technological advances, and its global reach--Honda was selling markedly more units abroad 

than in its own country. Yet the company was beginning to rely more and more on its U.S. 

sales, which by the end of the decade accounted for nearly 85 percent of Honda's profits. 

Furthermore, there was too much reliance on the success of the company's Civic and Accord 

models, which could pose trouble in the future if production glitches occurred in either line. It 

would be Honda's ability to effectively deal with those potential problem areas that would 

determine its success in the 21st century. 

Principal Subsidiaries:Honda Research and Development Co., Ltd.; Honda 

Engineering Co., Ltd.; Honda International Sales Corp.; Honda SF Corp.; Honda Minami 

Tokyo Co., Ltd.; Honda Motor Service Co., Ltd.; ACT Trading Corp.; 

http://www.referenceforbusiness.com/knowledge/United_Auto_Workers.html
http://www.referenceforbusiness.com/knowledge/Teamsters.html
http://www.referenceforbusiness.com/knowledge/Fuel_economy_in_automobiles.html
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American Honda Motor Co.; Honda of America Mfg., Inc.; Honda Research of America, Inc.; 

Honda Motor (China) Co., Ltd.; Press Giken Co., Ltd. (98.2%); Seiki Giken Co., Ltd. (98%); 

Honda and Co., Ltd. (86.6%); Honda Sogo Tatemono, Ltd. (70%). 

MOTORCYCLES 

Honda is the largest motorcycle manufacturer in Japan and has been since it started 

production in 1955. At its peak in 1982, Honda manufactured almost three million 

motorcycles annually. By 2006 this figure had reduced to around 550,000 but was still higher 

than its three domestic competitors. 

In 2017, India became the largest motorcycle market of Honda. In India, Honda is leading in 

the scooters segment, with 59 percent market share. 

During the 1960s, when it was a small manufacturer, Honda broke out of the Japanese 

motorcycle market and began exporting to the U.S. Working with the advertising agency 

Grey Advertising, Honda created an innovative marketing campaign, using the slogan "You 

meet the nicest people on a Honda." In contrast to the prevailing negative stereotypes of 

motorcyclists in America as tough, antisocial rebels, this campaign suggested that Honda 

motorcycles were made for the everyman. The campaign was hugely successful; the ads ran 

for three years, and by the end of 1963 alone, Honda had sold 90,000 motorcycles. 

Taking Honda's story as an archetype of the smaller manufacturer entering a new market 

already occupied by highly dominant competitors, the story of their market entry, and their 

subsequent huge success in the U.S. and around the world, has been the subject of some 

academic controversy. Competing explanations have been advanced to explain Honda's 

strategy and the reasons for their success. 

The first of these explanations was put forward when, in 1975, Boston Consulting 

Group (BCG) was commissioned by the UK government to write a report explaining why and 

how the British motorcycle industry had been out-competed by its Japanese competitors. The 

report concluded that the Japanese firms, including Honda, had sought a very high scale of 

production (they had made a large number of motorbikes) in order to benefit from economies 

of scale and learning curve effects. It blamed the decline of the British motorcycle industry 

on the failure of British managers to invest enough in their businesses to profit from 

economies of scale and scope. 

https://en.wikipedia.org/wiki/Grey_Advertising
https://en.wikipedia.org/wiki/You_meet_the_nicest_people_on_a_Honda
https://en.wikipedia.org/wiki/You_meet_the_nicest_people_on_a_Honda
https://en.wikipedia.org/wiki/Boston_Consulting_Group
https://en.wikipedia.org/wiki/Boston_Consulting_Group
https://en.wikipedia.org/wiki/Economies_of_scale
https://en.wikipedia.org/wiki/Economies_of_scale
https://en.wikipedia.org/wiki/Learning_curve
https://en.wikipedia.org/wiki/Economies_of_scope
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2004 Honda Super Cub 

The second explanation was offered in 1984 by Richard Pascale, who had interviewed 

the Honda executives responsible for the firm's entry into the U.S. market. As opposed to the 

tightly focused strategy of low cost and high scale that BCG accredited to Honda, Pascale 

found that their entry into the U.S. market was a story of "miscalculation, serendipity, and 

organizational learning" – in other words, Honda's success was due to the adaptability and 

hard work of its staff, rather than any long term strategy. For example, Honda's initial plan on 

entering the US was to compete in large motorcycles, around 300 cc. Honda's motorcycles in 

this class suffered performance and reliability problems when ridden the relatively long 

distances of the US highways. When the team found that the scooters they were using to get 

themselves around their U.S. base of San Francisco attracted positive interest from consumers 

that they fell back on selling the Super Cubinstead. 

The most recent school of thought on Honda's strategy was put forward by Gary 

Hamel and C. K. Prahalad in 1989. Creating the concept of core competencies with Honda as 

an example, they argued that Honda's success was due to its focus on leadership in the 

technology of internal combustion engines.
[39]

 For example, the high power-to-weight ratio 

engines Honda produced for its racing bikes provided technology and expertise which was 

transferable into mopeds. Honda's entry into the 

U.S. motorcycle market during the 1960s is used as a case study for teaching 

introductory strategy at business 

schools worldwide. 

Corporate profile and divisions 

Honda headquarters building in Minato, Tokyo Honda is headquartered in Minato, Tokyo, 

Japan. Their shares trade on the Tokyo Stock Exchange and the New York Stock Exchange, 

as 

https://en.wikipedia.org/wiki/Honda_Super_Cub
https://en.wikipedia.org/wiki/San_Francisco
https://en.wikipedia.org/wiki/Honda_Super_Cub
https://en.wikipedia.org/wiki/Gary_Hamel
https://en.wikipedia.org/wiki/Gary_Hamel
https://en.wikipedia.org/wiki/C._K._Prahalad
https://en.wikipedia.org/wiki/Core_competency
https://en.wikipedia.org/wiki/Honda#cite_note-HamelPrahalad1994-39
https://en.wikipedia.org/wiki/Case_study
https://en.wikipedia.org/wiki/Business_school
https://en.wikipedia.org/wiki/Business_school
https://en.wikipedia.org/wiki/Minato%2C_Tokyo
https://en.wikipedia.org/wiki/Minato%2C_Tokyo
https://en.wikipedia.org/wiki/Minato%2C_Tokyo
https://en.wikipedia.org/wiki/Tokyo_Stock_Exchange
https://en.wikipedia.org/wiki/Tokyo_Stock_Exchange
https://en.wikipedia.org/wiki/New_York_Stock_Exchange
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well as exchanges in Osaka, Nagoya, Sapporo, Kyoto, Fukuoka, London, Paris and 

Switzerland. 

The company has assembly plants around the globe. These plants are located in China, the 

United States, Pakistan, Canada, England, Japan, Belgium, Brazil, México, New Zealand, 

Malaysia, Indonesia, India, Philippines, Thailand, Vietnam, Turkey, Taiwan, Perú and 

Argentina. As of July 2010, 89 percent of Honda and Acura vehicles sold in the United States 

were built in North American plants, up from 82.2 percent a year earlier. This shields profits 

from the yen's advance to a 15-year high against the dollar. 

 

Honda's Net Sales and Other Operating Revenue by Geographical Regions 

in 2007 

 
 

 

Geographic Region 

 

Total revenue (in millions of ¥) 

 

Japan 
 

1,681,190 

 

North America 
 

5,980,876 

 

Europe 
 

1,236,757 

https://en.wikipedia.org/wiki/Fukuoka%2C_Fukuoka
https://en.wikipedia.org/wiki/Japanese_yen
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Asia 1,283,154 

Others 905,163 

 

American Honda Motor Company is based in Torrance, California. Honda Racing 

Corporation (HRC) is Honda's motorcycle racing division. Honda Canada Inc. is 

headquartered in Markham, Ontario it   was   originally planned   to   be   located in 

Richmond Hill, Ontario, but delays led them to look elsewhere. Their manufacturing division, 

Honda of Canada Manufacturing, is based in Alliston, Ontario. Honda has also created joint 

ventures around the world, such as Honda Siel Cars and HONDA Honda Motorcycles in 

India,Guangzhou Honda and Dongfeng Honda in China, Boon Siew Honda in Malaysia and 

Honda Atlas in Pakistan. 

Following the Japanese earthquake and tsunami in March 2011 Honda announced 

plans to halve production at its UK plants. The decision was made to put staff at the Swindon 

plant on a 2-day week until the end of May as the manufacturer struggled to source supplies 

from Japan. It's thought around 22,500 cars were produced during this period. 

Leadership 
 

Name Years 

Soichiro Honda 1948–1973 

Kiyoshi Kawashima 1973–1983 

Tadashi Kume 1983–1990 

Nobuhiko Kawamoto 1990–1998 

Hiroyuki Yoshino 1998–2003 

Takeo Fukui 2003–2009 

Takanobu Ito 2009–2015 

Takahiro Hachigo 2015– 

Additional Details 

 Public Company 

 Incorporated:1948 

 Employees:109,400 

 Sales:US$52.4 billion (1999) 

https://en.wikipedia.org/wiki/American_Honda_Motor_Company
https://en.wikipedia.org/wiki/Honda_Racing_Corporation
https://en.wikipedia.org/wiki/Honda_Racing_Corporation
https://en.wikipedia.org/wiki/Honda_Canada_Inc
https://en.wikipedia.org/wiki/Markham%2C_Ontario
https://en.wikipedia.org/wiki/Richmond_Hill%2C_Ontario
https://en.wikipedia.org/wiki/Honda_of_Canada_Manufacturing
https://en.wikipedia.org/wiki/Alliston%2C_Ontario
https://en.wikipedia.org/wiki/Honda_Siel_Cars_India
https://en.wikipedia.org/wiki/Honda_Siel_Cars_India
https://en.wikipedia.org/wiki/Hero_Honda
https://en.wikipedia.org/wiki/Guangzhou_Automobile_Industry_Group
https://en.wikipedia.org/wiki/Dongfeng_Honda
https://en.wikipedia.org/wiki/Dongfeng_Honda
https://en.wikipedia.org/wiki/Honda_Atlas
https://en.wikipedia.org/wiki/Soichiro_Honda
https://en.wikipedia.org/wiki/Tadashi_Kume
https://en.wikipedia.org/wiki/Nobuhiko_Kawamoto
https://en.wikipedia.org/wiki/Takeo_Fukui
https://en.wikipedia.org/wiki/Takanobu_Ito
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 Stock Exchanges:Tokyo Osaka Niigata Nagoya Kyoto Fukuoka Supporo Hiroshima New 

York 

 Ticker Symbol:HMC 

 NAIC:336991 Motorcycle, Bicycle & Parts Manufac-turing; 336211 Motor Vehicle Body 

Manufacturing; 336999 Other Engine Equipment Manufacturing; 335312 Motor & Generator 

Manufacturing; 333618 Outboard Motors Manufacturing 

COMPANY ADDRESS 

1-1, 2-chome Minami-Aoyama, Minato-Ku, Tokyo 107-8556 Japan
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DATA ANALYSIS AND INTERPRETATION 

 

1.GENDER OF THE RESPONDENT 
 

 
Gender 

 
No. of Respondents 

 
Percentage 

 

Male 84 84 

 

Female 16 16 

 

Total 100 100 

 

Graph:1 

 
 

Chart No: 5.1 
 

 

INTERPRETATION 

From the above table shows that 84% respondents are belongs to male and 16% 

respondents are belongs to female. 
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TABLE NO.5.2 

 

AGE OF THE RESPONDENT 
 

 
Age 

 
No. of Respondents 

 
Percentage 

 

Below-25 
28 28 

 

25-35 
49 49 

 

35-45 
15 15 

 

Above-45 
8 8 

 

Total 
100 100 
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Chart No: 5.2 
 

 

INTERPRETATION 

From the above table shows that 49% respondents are belongs to 25–35, 28% respondents are 

belongs to below-25, 15% respondents are belongs to 35-45 and 8% respondents are belongs 

to above-45. 
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TABLE NO.5.3 QUALIFICATION OF THE RESPONDENT 

 

 
 

Qualification 

 

No. of 

Respondents 

 
 

Percentage 

 

Below 12th 
32 32 

 

Dip/IT 
21 21 

 

UG 
44 44 

 

PG 
3 3 

 

Total 
100 100 
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Chart No: 5.3 
 

 

 

INTERPRETATION 

From the above table shows that 44% of respondents are belongs to under graduate, 32% 

of respondents are belongs to below 12th, 21% of respondents are belongs to Dip/IT, 3% of 

respondents are belongs to PG. 
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TABLE NO.5.4 

 

OCCUPATION OF THE RESPONDENT 
 

 

Occupation 

No. of 

Respondents 

 

Percentage 

Student 28 28 

Professional 17 17 

Self employed 32 32 

House wife 12 12 

Government 11 11 

Total 100 100 
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Chart No: 5.4 

 

INTERPRETATION 

From the above table shows that 32% of respondents are belongs to self employed, 28% of 

respondents are belongs to students, 17% of respondents are belongs to professional, 

12% of respondents are belongs to house wife, 11% of respondents are belongs to 

government job. 
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5. HOW DO YOU GET TO KNOW ABOUT SS HONDA 

Table:5 
 

Characteristics 
No. of 

Respondents 
Percentage 

Total No. of Respondents 60 100 

 

 

 

 

Know the SS 

honda 

Social Media 
18 30 

Online Platform 
12 20 

Electronic Media 
12 20 

Print Media 
15 25 

Friends/Family 
05 8.33 

Hoardings 
03 5 

Others 
05 8.33 

 
Graph:5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interpretation: Consumers found about Honda by various platforms such as 8.33% 

consumers got to know about the Honda by friends and family, 5% consumers found 

information about Honda By hoardings, 30% consumers found Information through Social 

media, 20% consumers found it through the Electronic media and remaining 8.33% 

consumers found through other platforms. 
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TABLE NO.5.5 
 

PURCHASE FROM HONDA ALREADY 
 

Opinion No. of Respondents Percentage 

Yes 
29 29 

No 
71 71 

Total 
100 100 
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Chart No: 5.5 

 
 

INTERPRETATION 

From the above table shows that 29% of respondents are purchased the product 

already, 71% of respondents are not purchased the product already. 
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TABLE.NO.5.6 

 

HOW DO YOU KNOW ABOUT THE HONDA BIKE 

 

Opinion 

No. of 

Respondents 

 

Percentage 

Friends & relations 83 83 

Advertisement 6 6 

Magazine 4 4 

Newspaper 7 7 

Total 100 100 
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Chart No: 5.6 

 

INTERPRETATION 
 

From the above table shows that 83% of respondents are known the HONDA through Friends 

& relation, 7% of respondents are known the HONDA through newspaper, 4% of 

respondents are known the HONDA through magazine, 6% of respondents are known the 

HONDA through Advertisement.
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No. of Respondents 

No. of Respondents 

 
67 

21 
12 

Comfort Milege Style 

 

 

TABLE.NO.5.7 

ENRICH TYPE OF BIKE DO YOU LIKE 
 

 

 
Opinion 

 
No. of 

Respondents 

 

 
Percentage 

Comfort 21 21 

Milege 67 67 

Style 12 12 

Total 100 100 

 
 

 

Chart No: 5.7 
 

INTERPRETATION 

 
From the above table shows that 67% of respondents are buying only Mileage, 21% of 

respondents are buying comfort, 12% of respondents are buying Style. 
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TABLE.NO.5.8 

 

WHY DID YOU CHOOSE THE HONDA BIKE 
 

 

Opinion 
No. of 

Respondents 
 

Percentage 

Attractiveness 18 18 

Perfection 7 7 

Immediate response 49 49 

After sales service 14 14 

FreePackage 3 3 

Gifts 1 1 

Offer 2 2 

Discount 2 2 

Refund offer 4 4 

Total 100 100 
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Chart No: 5.8 

 

INTERPRETATION 

From the above table shows that 49% of respondents are choose immediate response, 18% of 

respondents are choose Attractiveness, 14% of respondents are choose After sales service. 
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Low price 

 
 

seasonal offer 

 
 

Good quality 

 
 

Money refund 
offer 

 
Product 
warranties 

 
After sales 

service 

TABLE.NO.5.9 

 

EXPECTING FROM HONDA FOR YOUR NEXT PURCHASE 
 

 

Opinion 
No. of 

Respondents 
 

Percentage 

Low price 32 32 

Seasonal offer 4 4 

Good quality 54 54 

Money refund offer 4 4 

Product warranties 3 3 

After sales service 1 1 

Free sevicepackage 2 2 

Total 100 100 
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Chart No: 5.9 

 

INTERPRETATION 

From the above table shows that 54% of respondents are purchasing next year for good 

quality of product, 32% of respondents are purchasing next year for low price of product. 
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TABLE.NO.5.10 
 

FACTOR EXPECT MORE FROM HONDA 
 

 
Opinion 

No. of 
Respondents 

 
Percentage 

More quality with exiting 
price 

5 5 

More quality with low price 68 68 

Exiting quality with low 
price 

7 7 

Good service with exiting 
price 

16 16 

Good service with low price 4 4 

Total 100 100 
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Chart No: 5.10 

 

INTERPRETATION 

From the above table shows that 68% of respondents are like more quality with low price, 

16% of respondents are like good service with exiting price, 7% of respondents are like 

Exiting quality with low price, 5% of respondents are like more quality exiting price, 4% of 

respondents are like good service with low price. 
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Coupans 

 
 

Free internet 
package 

 
Seasonal offer 

 
 

Money refund 
offer 

 
Product 

Warranties 

TABLE.NO.5.11 
 

DIFFER FROM COMPETITONS FOR SALES DEVELOPMENT 
 

 
Opinion 

No. of 
Respondents 

 
Percentage 

Coupans 2 2 

Free servicing 1 1 

Seasonal offer 3 3 

Break down pickup 2 2 

24/7 84 84 

Product Warranties 8 8 

Total 100 100 
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Chart No: 5.11 

 

INTERPRETATION 

From the above table shows that 84% of respondents are said only money refund offer for 

differing from competitions, 8% of respondents are said only product warranties for differing 

from competitions 
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Good service 

Good product 

Discount 

Product warranties 

seasonal offer 

Free package 

Coupans 

Money refund offer 

TABLE.NO.5.12 
 

MESSAGE IS BEING RECEIVED FROM OUR ADVERTISING 
 

 
Opinion No. of 

Respondents 

 
Percentage 

Good service 59 59 
Good product 26 26 
Discount 5 5 
Product warranties 1 1 
Seasonal offer 2 2 
Free package 2 2 
Coupans 1 1 
Money refund offer 4 4 
Total 100 100 
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Chart No: 5.12 

 

INTERPRETATION 

From the above table shows that 59% of respondents are said good service, 26% of 

respondents are said good product . 
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Television 

Newspaper 

Online 

Word of mouth 

TABLE.NO.5.13 
 

MEDIA IS MOST EFFECTIVE FOR DELEIVERING OUR MESSAGE 
 

 

Opinion 

 

No. of 

Respondents 

 

Percentage 

Television 4 4 

Newspaper 2 2 

Online 24 24 

Word of mouth 70 70 

Total 100 100 
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Chart No: 5.13 

 
 

INTERPRETATION 

From the above table shows that 70% of respondents are belongs to word of mouth, 

24% of respondents are belongs to online, 4% of respondents are belongs to television, 2% of 

respondents are belongs to newspaper. 
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Offer 

 

Money 

refund offer 

Product 

warranties 

Free gift 

 

Discount 

TABLE.NO.5.14 
 

WHICH TOOL IS PREFER TO PURCHASE OUR PRODUCT 
 

 
Opinion 

No. of 

Respondents 
 

Percentage 

Offer 24 24 

Money refund offer 2 2 

Product warranties 2 2 

Free gift 3 3 

Discount 69 69 

Total 100 100 
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Chart No: 5.14 

INTERPRETATION 

From the above table shows that 69% of respondents are said discount is best tool, 24 

% of respondents are said offer is best tool, 2 % of respondents are said money refund offer is 

best tool, 2 % of respondents are said product warranties is best tool, 3 % of respondents are 

said free gift is best tool. 
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TABLE.NO.5.15 
 

BIKE buy in one year 
 

 
Opinion 

No. of 

Respondents 

 
Percentage 

Below-10 93 93 

10-40 3 3 

40-80 1 1 

80-100 3 3 

Total 100 100 
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Chart No: 5.15 

 

INTERPRETATION 

From the above table shows that 93% of respondents are buy below – 10, 3% of 

respondents are buy 10-40, 1% of respondents are buy 40-80, 3% of respondents are buy 80-

100. 
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TABLE.NO.5.16 
 

BIKE REPLACE IN ONE YEAR 
 

 

Opinion 

 

No. of 

Respondents 

 

Percentage 

Below-10 92 92 

10-40 3 3 

40-80 2 2 

80-100 3 3 

Total 100 100 
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Chart No: 5.16 

 

INTERPRETATION 

From the above table shows that 92% of respondents are replace the bike below – 10, 

3% of respondents are replace the bike 10-40, 2% of respondents are replace the bike 40-80, 

3% of respondents are replace the bike 80-100. 
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Highly 

Satisfied 

Satisfied 

Dissatisfied 

Highly 

Dissatisfied 

None 

TABLE.NO.5.17 
 

RATE THE PERFORMANCE OF BIKE 
 

 
Opinion 

No. of 

Respondents 

 
Percentage 

Highly Satisfied 21 21 

Satisfied 64 64 

Dissatisfied 2 2 

Highly Dissatisfied 2 2 

None 11 11 

Total 100 100 
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Chart No: 5.17 

 

INTERPRETATION 

From the above table shows that 64% of respondents are satisfied the company 

product, 21% of respondents are highly satisfied the company product, 2% of respondents are 

dissatisfied the company product, 2% of respondents are highly dissatisfied the company 

product, 11% of respondents are none the company product. 
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TABLE.NO.5.18 

 

RATE THE PERFORMANCE OF SERVICE 
 

 
Opinion 

No. of 

Respondents 

 
Percentage 

Highly Satisfied 24 24 

Satisfied 51 51 

Dissatisfied 9 9 

Highly Dissatisfied 2 2 

None 14 14 

Total 100 100 
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Chart No: 5.18 

 

INTERPRETATION 

From the above table shows that 51% of respondents are satisfied the company service, 24% 

of respondents are highly satisfied the company service, 9% of respondents are dissatisfied 

the company service, 2% of respondents are highly dissatisfied the company service, 14% of 

respondents are none the company service 
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Highly Satisfied 

Satisfied 

Dissatisfied 

Highly 

Dissatisfied 

None 

TABLE.NO.5.19 
 

RATE THE PERFORMANCE OF QUALITY 
 

 
Opinion 

No. of 

Respondents 

 
Percentage 

Highly Satisfied 23 23 

Satisfied 62 62 

Dissatisfied 2 2 

Highly Dissatisfied 2 2 

None 11 11 

Total 100 100 
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Chart No: 5.19 

 
 

INTERPRETATION 

From the above table shows that 62% of respondents are satisfied the company quality, 23% 

of respondents are highly satisfied the company quality, 2% of respondents are dissatisfied 

the company quality, 2% of respondents are highly dissatisfied the company quality, 11% of 

respondents are none the company quality. 
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Highly Satisfied 

Satisfied 

Dissatisfied 

Highly 
Dissatisfied 

None 

TABLE.NO.5.20 
 

RATE THE PERFORMANCE OF PRICE 
 

 
Opinion 

No. of 

Respondents 

 
Percentage 

Highly Satisfied 18 18 

Satisfied 66 66 

Dissatisfied 1 1 

Highly Dissatisfied 4 4 

None 11 11 

Total 100 100 
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Chart No: 5.20 

 

INTERPRETATION 

From the above table shows that 66% of respondents are satisfied the company price, 18% of 

respondents are highly satisfied the company price, 1% of respondents are dissatisfied the 

company price, 4% of respondents are highly dissatisfied the company price, 11% of 

respondents are none the company price. 
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TABLE.NO.5.21 

 

RATE THE PERFORMANCE OF RELIABILITY 
 

 
Opinion 

No. of 

Respondents 
 

Percentage 

Highly satisfied 15 15 

Satisfied 71 71 

Dissatisfied 2 2 

Highly Dissatisfied 2 2 

None 10 10 

Total 100 100 
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Chart No: 5.21 
 

INTERPRETATION 

 
From the above table shows that 71% of respondents are satisfied the company reliability, 

15% of respondents are highly satisfied the company reliability, 2% of respondents are 

dissatisfied the company reliability, 2% of respondents are highly dissatisfied the company 

reliability, 10% of respondents are none the company reliability. 
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TABLE.NO.5.22 
 

CHANGE IN THE DEVELOPMENT OF SELLING THE HONDA BIKE 
 

 
 

Opinion 

 

No. of 

Respondents 

 
 

Percentage 

To a great extent 3 3 

To some extent 20 20 

None 77 77 

Total 100 100 
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Chart No: 5.22 

 

 

 

INTERPRETATION 

From the above table shows that 20% of respondents are some extent in the 

development of selling the bike, 3% of respondents are great extent in the development of 

selling the bike, 77% of respondents are said none in the development of selling the bike. 
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TABLE.NO.5.23 

 

DESIRABLE QUALITIES THAT WE LACK 
 

 
Opinion 

 
No. of Respondents 

 
Percentage 

Yes 2 2 

No 98 98 

Total 100 100 
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Chart No: 5.23 

 

 

INTERPRETATION 

From the above table shows that 98% of respondents are said no for desirable 

qualities that we lack, 2% of respondents are said yes desirable qualities that we lack. 

Yes 

No 



 

 

 

 

CHAPTER - V 

FINDINGS  

AND  

SUGGESTIONS 
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FINDINGS 

 
 Most of the customers are students and self employed persons were purchased the HONDA. 

 Most of the respondents taken are female 16%, and male 84%. 

 

 Most of the customers (67%)were prefer assembled system is best for using. 

 

 Most of the public doesn‘t know about the bikes marketed by the HONDA. 

 

 It is found that 83% of the respondents came to know about HONDA bike through friends & 

relatives and advertisements. None of them had found Magnanim systems through Magazine 

and Newspaper. 

 Most of the customers(49) were chose HONDA bike for immediate response. 
 

  54% of the customers are satisfied with the overall satisfaction of HONDA 

bikes and also to purchase next year. 

 Most of respondents are expected more quality with low price of the bikes. 

 

 84% of customers are money refund offer is best one to differ from the competitor and also to 

increase the sales. 

 Most of the customers(93%) are purchasing the Bike below – 10 only. 

 

 It is found that customers are satisfied with quality, good product, and price and not satisfied 

with the service of the HONDA bikes. 
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SUGGESTIONS AND RECOMMENDATIONS 
 

Based upon the finds the following suggestions is made 

 The customers are given more weightage to the Styles. So the company can improve the sales 

in Styles. 

 Most of the customers are like more quality with low price. So the company can increase the 

quality and reduce the price of the Bike. 

 Maximum number of customers are discount is the best tool to differ with competitor. So the 

company can utilize this tool and meet the competitor. 

 Most of the customers are feeling that to increase the after sale service. So the company may 

take necessary actions for the sale service and to satisfy the customers. 

 Most of the customers were chose the HONDA for immediate response.   So the company 

can give importance for customer call. 

 
After the complete analysis of entire assignment, we put forward a set of 

recommendations which are as follows: 

Since the company has targeted the right segments, but the reason for the low sales of Honda 

is competition from Honda. Honda should regularly look to develop new products and new 

features among the existing products to face the competition from Honda. 

It should focus on untapped international markets and it concentrates on trends of youth. As 

the bargaining power of suppliers is low. They have wide choice of suppliers to reduce cost. 
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CONCLUSION 
 

HONDA India pvt ltd. is the biggest manufacturer of passenger bikes and holds a 

market share of over 35% in the Indian market and an average export of 1lakh units per 

annum. This consistent success and sustainability is achieved by its fool-proof sales strategy, 

which not only involves customers but also the dealers of the company. The CRM of the 

company also is commendable and undoubtedly adds to the growth of the company. 

 
From this study we can conclude that Honda Motors is a well-organized company 

providing tremendous facilities to its customers. Honda Motors is one of the leading automobiles 

in India it provides low-cost vehicles and they targeted middle class families. In motorcycle & 

scooter segment, hero Honda Motors ltd has faced severe competition from its peer resulting in a 

loss of market share. 

 
From the customers survey and desk research we conclude that: "We are confident 

that we will continue getting technology from Honda." Honda, for its part, has also made 

similar statements. However, industry analysts do have doubts. Says an industry analyst, 

"Honda's track record in India does lead to some apprehensions. An analysis of Honda's past 

tie-ups in India would prove so. For instance, Honda exited the joint venture with Kinetic by 

selling its stake to the promoters and launched a replica of Kinetic Honda's ungeared scooter; 

its 60:40 venture with SIEL for cars progressively became a 99:1 partnership and its venture 

with the Shriram group for gensets ended when it bought out Shriram's stake. This does throw 

up some questions with regards to the path ahead for Hero Honda." These examples prove 

that Honda has always wanted to have its own entity, says another analyst. Most of the 

customers of Hero Honda belong to congested areas. They mostly belong to middle class and 

are mostly officials/ executives. 



 

 

 

 

ANNEXURE 
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QUESTIONNAIRE 

 
1. NAME : 

2. GENDER : 

 Male  Female 

3. AGE : 

 Below-25  25-35  35-45  above 45 

4. EDUCATIONAL QUALIFICATION : 

 Below +2  Dip/IT  UG  PG  other 

 

5. OCCUPATION : 

Student professional self employes 

 house wife government staff others 

 

6. Have you made any purchase from HONDA Bike already 

 Yes  No 

7. How do you know about the HONDA Bike 

 Friends & relations  Advertisement  Magazine  Newspaper 

 

8. Which type of product do you like from HONDA  

 Branded system  Assembled system  Printer 
 

 

9. Rank the following Brands. 

Rank 

a. TATA 

b. MAHINDRA 

c. HONDA 

d. TOYOTA 



10. Why did you choose the HONDA  

 Attractiveness  Perfection  Immediate response 

 After sales service  Free package  Gifts 
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 Offer  Discount  Refund Offer 

 

11. What is the benefit you expect from HONDA for your next purchase 


 Low price  Coupans  Seasonal offer 

 Good quality  Money refund offer  Product Warranties 

 After sales service service  Free internet package 

 

12. Which factor do you expect more from HONDA Bike 

 More quality with exiting price. 

 More quality with low price. 

 Exiting quality with low price. 

 Good service with exiting price. 

 Good service with low price. 

 

13. How do HONDA differ from competitons for sales promotion 

 Coupans  Free internet package  Seasonal offer 

 Free software  Product Warranties 

 

14. What message is being received from our advertising 

 Good service  Good product  Discount  Product warranties 

 Seasonaloffer  Free package  Coupans  Money refund offer 

 

15. Which media do you prefer is most effective for delivering our message 

 Television  newspaper  magazine  online  word of mouth 

 

16. Which tool do you prefer to purchase our product 

 Offer  Money refund offer  Product warranties  Free gift 

Discount 

 
 

17. How many Bikes you buy in one year 

 Below-10  10-40  40-80  80-100  Above-100 
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18. How many Bikes you will replace in one year 

 Below-10  10-40  40-80  80-100  Above-100 

 

19. Rate the HONDA performance in todays competetive environment when compared to other 

competitor. 

 Highly 

Satisfied 

Satisfied Dissatisfied Highly 

Dissatisfied 

None 

Product     

Service     

Quality     

Price     

Reliability     

 
20. Is there any change in the development of selling the product compared with last year. 

 To a great extent  To some extent  None 

 

21. Are there any desirable qualities that a competitor have, that we lack. 

 Yes  No If yes, give suggestion 

 

 

 

 

22. Would you like to purchase HONDA in next year. 

 Yes  No If No, mention the reason 

 

 

 

 

23. Any suggestion 
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ABSTRACT 

The saying that “first impressions remain forever in the mind” is also applicable when 

it  comes to customer impulse buying decision on the basis of soaps packaging design. Good 

and attractive packaging of products creates readily available market for the firm and may 

help to cut down on advertising cost. The market and store shelves today, are flooded with 

number of products and countless brands, giving number of choices for the consumers to buy. 

The primary aim of packaging is the protection of the product from all hazards it can be 

exposed to during transport and handling. In addition, is also required to be attractive and 

unique in its features so to trigger buying in the end user. 

Hence the present study is conducted to assess the effectiveness of packaging of bath soaps of 

HUL brand with reference to Ayyappa Agencies , Kurnool . And the data is collected from 75 

respondents through questionnaire using the convenience sampling 

 

Objectives:  

To conduct a study into the effectiveness of packaging as a marketing tool in the soap 

industry at HUL. To examine the forms of packaging used by HUL in marketing of their 

products.   

 

Key words: Effectiveness , Packaging , Design . 
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INTRODUCTION 

 

Packaging may be defined as the general group of activities in the planning of a 

product. These activities concentrate on formulating a design of the package and producing 

an appropriate and attractive container or wrapper for a product. The container itself can act 

as a forceful though silent and colorful salesman at the point of purchase or an effective 

medium of advertisement encouraging impulse buying. Many a time, package design itself 

can act as a registered brand. Packaging is aimed at attaining two basic functions, the first to 

protect the product and the second to promote the product. 

 

Modern methods of packaging are valuable to the manufacturer to establish his 

branded products as distinct from those of his rivals. The more effectively a product is 

packaged the more effective is its identity and individuality. Package is advertising on the 

shelf, a means of attractive display in the retailers’ shops. Packaging alone makes possible 

branding and advertising of products e.g., tea, soap, cosmetics . 

 

Packaging may be defined as the general group of activities in the planning of a product. 

These activities concentrate on formulating a design of the package and producing an 

appropriate and attractive container or wrapper for a product. The container itself can act as a 

forceful though silent and colorful salesman at the point of purchase or an effectivemedium 

of advertisement encouraging impulse buying. Many a time, package design itself can act as a 

registered brand. 

However, packaging is much more than mere packing. Packaging is a marketing 

necessity. The public does not want just the product. It wants explanation, assurance, 

encouragement, confidence and praise, i.e., pat-on-the-back, all integrated or combined with 

a pleasant and eye-catching get-up or appearance on the top to gain action, i.e., close the sale- 

Thus, a good package ensures ultimate success of the product as a commercial venture. 

Product packaging is an underappreciated hero in the marketing world. Packaging is 

supremely functional: it protects the product. It contains the product. It displays the product. 

It promotes the product. Its design and labeling communicate about the product. And the 
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package itself can even increase the product’s utility, making it better suited to however the 

customer wants to use it. 

Packaging is the science, art and technology of enclosing or protecting products for 

distribution, storage, sale, and use. Packaging also refers to the process of designing, 

evaluating, and producing packages. Packaging can be described as a coordinated system of 

preparing goods for transport, warehousing, logistics, sale, and end use. Packaging contains, 

protects, preserves, transports, informs, and sells. In many countries it is fully integrated into 

government, business, institutional, industrial, and personal use. Packaging advancements in 

the early 20th century included  Bakelite closures on  bottles, 

transparent cellophane overwraps and panels on cartons. These innovations increased 

processing efficiency and improved food safety. As additional materials such 

as aluminum and several types of plastic were developed, they were incorporated into 

packages to improve performance and functionality. 

Effective packaging can actually help a company attract consumers to their product. It 

can be the tool that sets apart their product in a vast sea of options that the consumer has at their 

disposal. A good packaging can actually add to the perceived value of a product. 

There are some effective techniques one can use to ensure that your product package is a 

great marketing tool for your product. Let us take a look at some elements that you can 

incorporate into a package to make it more effective. 

Packaging means the wrapping or bottling of products to make them safe from 

damages during transportation and storage. It keeps a product safe and marketable and helps 

in identifying, describing, and promoting the product. 

Different kinds of products need different kinds of packaging, for example, liquid 

products are packed in barrels and bottles; whereas, solid products are wrapped. The 

organizations use special containers for fragile products, such as glassware. 

Marketers invest a great deal on motivational research, color testing, psychological 

manipulation, and so on in order to learn how the majority of consumers will react to a new 

package. Based on the results of this research, past experience, and the current and 

anticipated decisions of competitors, marketers determine what primary role the package will 

play relative to the product. They determine which of the following needs to be included: 

https://en.wikipedia.org/wiki/Science
https://en.wikipedia.org/wiki/Art
https://en.wikipedia.org/wiki/Technology
https://en.wikipedia.org/wiki/Logistics
https://en.wikipedia.org/wiki/Bakelite
https://en.wikipedia.org/wiki/Bottle
https://en.wikipedia.org/wiki/Cellophane
https://en.wikipedia.org/wiki/Carton
https://en.wikipedia.org/wiki/Food_safety
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/List_of_synthetic_polymers
https://www.toppr.com/guides/economics/consumer-rights/rights-of-consumers/
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• Quality : One packaging company developed a cardboard package design for fresh 

produce sold in the Netherlands and exported to other countries. The decorative 

elements were based on world-famous, collectible Delft blue porcelain, to convey high 

quality and desirability. 

 

• Safety: Product protection and child-proofing are standard features in the packaging of 

Tylenol, Benadryl, Children’s Motrin, and other over-the-counter drugs. 

 

• Instruction: Dosage information for drugs and “how to use this product” information 

for a variety of appliances, devices, and other products helps ensure that consumers use 

products responsibly and as intended. 

 

• Legal compliance: Food & Drug Administration (FDA) maintains strict regulations 

about the types of information food companies must disclose on their product labels: 

ingredients, calorie counts, nutritional information, serving size and servings per 

container, and so forth. 

 

• Distinction: Packaging can be distinctive as a familiar, favored brand. Alternatively, 

designers may use color, shape, materials, labeling and other packaging features 

to convey something is new, different or improved. 

 

• Affordability: In packaged goods, packaging simplicity and plainness—for generic and 

store-brand products—often suggests greater affordability in the minds of consumers. 

 

• Convenience: Re-sealable packages have been a welcome, convenient packaging 

innovation for a variety of products, from baby wipes to sliced bologna to snack foods. 

 

• Aesthetic beauty: Perfume manufacturers devote extensive time and attention to 

making beautiful, distinctive designs for perfume bottles and packaging. 

 

• Improved utility: Packaging single-serving yogurt or applesauce in tubes rather than 

traditional packages makes them usable in more settings and circumstances because 

they are less messy and no longer require spoons or a table-top to be able to eat them 

effectively. 
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• Sustainability: Environmentally-friendly packaging can create brand preference from 

consumers who are conscious about their carbon footprints. Using fewer chemical-

based inks and dyes, less wasteful packaging design, and preference for recycled and 

recyclable materials all set products apart as “green” and eco-friendly. 

 

Definition: 

According to Prof. Philip Kotler, “Packaging is the activity of designing and producing the 

container or wrapper for products.” 

According to David J. Schwartch, “The package that contains protects and identifies the basic 

products.” 

According to Prof. William J. Stanton, “The packing may be defined as all the activities 

involved in designing and producing the container or wrapper for a product.” 

Packing is the activity of putting your possessions into bags, cases, or boxes so that you can 

take or send them somewhere.” – MacMillan Dictionary 

Packaging is the wrapping material around a consumer item that serves to contain, identify, 

describe, protect, display, promote and otherwise make the product marketable and keep it 

clean.” – Entrepreneur 

“Packing is the preparation of product or commodity for proper storage and/or transportation. 

It may entail blocking, bracing, cushioning, marking, sealing, strapping, weather proofing, 

wrapping, etc.” – 

Business Dictionary. 

 

HISTORY: 

Early Packaging: 

Packaging, as a concept, grew out of the basic need for early humanity to store and 

transport their food from place to place. 
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While there is no record of when the first packaging materials were used, historians 

believe that during the nomadic hunter/gatherer days, materials such as leaves, animal 

skins, nuts or gourds were used to store and transport items. 

The history of packaging dates back to the year 1035, when a Persian traveller, visiting 

markets in Cairo, noted that vegetables, spices and hardware were wrapped in paper for the 

customers after they were sold. With the passage of time, attempts were made to use the 

natural materials available, such as, Baskets of reeds, wooden boxes, pottery vases, woven 

bags etc. However, the use of card board’s paperboard cartons was first done in the 19th 

century. 

The Michigan State University was the first to offer a degree course in “Packaging 

Engineering” Since then, there has been no looking back. The packaging industry boomed as 

more than the content, it is the ”packaging” which attracts the attention of the buyer. 

There was a revolution in Packaging in the early 20th century due to several modes of 

packaging designed such as Bakelite closures on bottles, transparent cellophane overwraps 

and panels on cartons, which increased processing efficiency and improved food safety. As 

additional materials such as aluminium and several types of plastic were developed, they 

were incorporated into packages to improve performance and functionality. Packaging is the 

science, art, and technology of enclosing or protecting products for distribution, storage, sale, 

and use. Packaging also refers to the process of design, evaluation, and production of 

packages. 

. 

Industrial Revolution Packaging 

Fast forward to the Industrial Revolution: this era (starting from about 1760-1840) gave 

way to major technological advancements, as the demand for better quality packaging 

increased. This demand for quality was fueled by a sudden surge in new products that 

were now available for the masses to consume. However, it should be noted that many of 

the packaging materials that arose in this era were expensive; meaning that the use of 

these materials were typically reserved for storing and transporting luxury goods.  

Modern Packaging 

TheInvention of Bubble Wrap (1957): Bubble wrap was invented in 1957 by Sealed Air’s 

founders Al Fielding and Marc Cavannes, but it was not first utilized as the protective 
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packaging material we know it as today. Initially, Fielding and Cavannes were trying to 

create textured wallpaper by sealing two shower curtains together to make air bubbles -- 

however, this interior decor trend didn’t take off. They later decided to market the 

material as greenhouse insulation, though this proved to be an unsuccessful endeavor as 

well. 

Three years after bubble wrap was invented, Frederick W. Bowers (a Sealed Air 

marketer), made a pitch to IBM to use bubble wrap as a protective packaging material for 

their computers. The pitch went well and IBM began purchasing bubble wrap for all of  

their fragile products. 

The Invention of PET Plastic Bottles (1973):Polyethylene Terephthalate (PET) bottles 

were first patented in 1973 by chemist Nathaniel Wyeth. At the time, these were the first 

plastic bottles capable of containing carbonated drinks and they soon became the material 

of choice for manufacturers who wanted a cheaper alternative to glass. 

Packaging Today 

With sustainability having become a major concern in recent years, today’s packaging 

innovators are continuously coming up with new ways to reduce the packaging industry’s 

impact on the environment. Recent eco-friendly innovations such as biodegradable and 

edible packaging not only reflect the state of our society today, but it also demonstrates 

the packaging industry’s ability to adapt to the ever-changing needs and concerns of 

consumers. 

Recently, term packaging is being used interchangeably to mean both ‘packing’ proper as 

well as ‘packaging’. Traditionally, ‘packaging’ referred to retail or consumer container and 

‘packing’ to transport container. Consumer packaging has significant marketing implications 

while transport containers are more important from logistics standpoint 

Factors that influence a product’s packaging: 

• Protection: Packaging of the product is done to protect it from damage during shipping 

and handling, and to lessen the decaying in case the product is exposed to foul air or other 

harmful factors by accident. 
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• Design & Structure: Good packaging design and proper structure can add value to a 

product. For instance, the benefits can be obtained from the structure of a package that 

enhances the function of the product while the design give the product an appealing look. 

 

• Appearance: Package design should be attractive enough to capture customers’ attention 

as they are shopping or just glancing through a catalogue or your website. This is 

particularly important for customers who are not very familiar with the product. Designs 

that are unique and stand out are more likely to stay in the mind of a shopper. 

 

• Acceptance: Package designs are not just to attract the end user, they also have to be 

accepted and liked by distributors who are going to sell the product. For instance, a 

retailer may not be interested in your package if it does not conform to the requirements 

they have, for storing the products and displaying them on the shelves. 

 

• Cost: Packaging of a particular product can be a significant portion of its selling price. In 

the cosmetics industry, it is estimated that the packaging cost of some products may be as 

high as 40% of its product’s selling price. Make smart packaging decisions in order to 

reduce the product’s selling price and possibly lead to higher profits due to increase in 

sales. 

 

• Re-designing: Developing an entirely new package for your product can be expensive. 

But it is also important to be part of the trend, since your product should appeal to your 

consumers. If you feel that your product packaging requires an update, then consider re-

designing the package. 

 

• Environmental & Legal Issues: While deciding on the package structure and design, you 

should also include assessment of its environmental impact especially for product 

packages that are frequently discarded. Ensure that you create packages that do not 

infringe on intellectual property, such as trademarks, copyrights or patents, held by others 

companies. These are some of the key factors that influence a product’s package design 

and branding. With constant innovation in design and printing, packaging has become a 

key influencer in the market and helps attract the right attention amongst a hoard of other 

products. 

 

https://www.smartpouches.com/pouches/stand-up-pouches/
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Importance of  Packaging: 

• Physical protection – The objects enclosed in the package may require protection from, 

Among other things, mechanical shock, vibration, electrostatic discharge, 

compression, temperature, etc. 

 

• Barrier protection – A barrier to oxygen, water vapor, dust, etc., is often 

required. Permeation is a critical factor in design. Some packages contain desiccants 

or oxygen absorbers to help extend shelf life. 

 

• Containment or agglomeration – Small objects are typically grouped together in one 

package for reasons of storage and selling efficiency.  

 

• Information transmission – Packages and labels communicate how to use, 

transport, recycle, or dispose of the package or product. With pharmaceuticals, 

food, medical, and chemical products, some types of information are required by 

government legislation. 

 

• Marketing – Packaging and labels can be used by marketers to encourage potential buyers 

to purchase a product. 

 

• Security – Packaging can play an important role in reducing the security risks of 

shipment. Packages can be made with improved  tamper resistance to deter manipulation 

and they can also have  tamper-evident features indicating that tampering has taken  

place. 

 

Packaging – Need: 

1. Important Element of Marketing Plan: 

Packaging is an important element in formulating marketing plan for a product. 

 

2. Silent Salesman: 

With the advent of self-service stores and super markets, package has to perform the function 

of a silent salesman besides traditional function of protecting the product. This means that in 

https://en.wikipedia.org/wiki/Shock_(mechanics)
https://en.wikipedia.org/wiki/Vibration
https://en.wikipedia.org/wiki/Electrostatic_discharge
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Water_vapor
https://en.wikipedia.org/wiki/Permeation
https://en.wikipedia.org/wiki/Desiccant
https://en.wikipedia.org/wiki/Oxygen_absorber
https://en.wikipedia.org/wiki/Label
https://en.wikipedia.org/wiki/Recycling
https://en.wikipedia.org/wiki/Medication
https://en.wikipedia.org/wiki/Food
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Chemical_substance
https://en.wikipedia.org/wiki/Mandatory_labelling
https://en.wikipedia.org/wiki/Label
https://en.wikipedia.org/wiki/Marketing
https://en.wikipedia.org/wiki/Security
https://en.wikipedia.org/wiki/Tamper_resistance
https://en.wikipedia.org/wiki/Tamper-evident
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the absence of a salesman to promote the product in a sales store, package as kept on the shelf 

captures the fancy of the customer. 

 

3. Communication with Consumer: 

Product package has an important promotional function. It establishes meaningful 

communication with the consumer. 

 

4. Package Designing: 

It is extremely important to know the special attributes of each target market and design the 

product package accordingly. 

 

5. Convenience: 

Consumer packaging offers better convenience and ease to consumer in handling and 

carrying their products. 

 

6. Protection: 

It protects the product from pilferage and adulteration. 

 

7. Increased Value: 

It has been estimated that unit value realization can rise approximately three times if able to 

develop and bring about retail packs for a large number of exportable items. 

 

8. Other Aspects: 

(i) It helps increase sales. 

(ii) It adds to use of a product. 

(iii) It helps in storage. 

(iv) It helps in product differentiation. 

(v) It helps promote a product. 

(vi) It contributes to safety of a product from damage. 

(vii) It helps in branding and promoting brand loyalty. 

(viii) It may cut marketing costs and thus enhance profit/ profitability of product. 

(ix) It helps portability/transportability of product. 

(x) It helps publicity. 
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9. Recent Developments/Trends: 

In recent years, producers have made changes in their packaging for a few reasons, viz.: 

(a) Maintain sales volume. 

(b) Expand market by new packaging. 

(c) Use packaging as a means for advertising and sales promotion. 

 

10. Use of Packaging Machines: 

i. Integral Part – Packaging machines have now-a-days become an integral part of industries. 

ii. Health consciousness, urbanization and even changing habits are some of the factors that 

have led to growing use of such machines. 

iii. Food and Pharma sectors have contributed significantly in growing use of these machines. 

 

Levels of Packaging: 

 

Packaging should be done on the basis of nature and lastingness of the products. 

Packaging can be done at different standard and levels. According to the modern method, 

packaging can be classified as follows: 

1. Primary package level 

After the goods have been produced they are put in any container, bottle or wrapper. 

This is called primary packaging. The products are packed in such way that their quality and 

features do not get declined or damaged. This also creates convenient value for the 

customers. 

2. Multiple package level 

If the primary packed products are again packed in any other container, box or packs 

or anything, this is called multiple packaging. Different decorative and cosmetic goods can be 

packed in a single box. It makes the customers easy to use different goods taking out from a 

single box according to necessity. As it becomes easy for the consumers, sale of such 

products can also increase. 

3. Distribution package level 

Any product produced by any company needs to supply, send to target markets and 

even foreign countries. This needs transport and distribution packaging. Such packaging is 

also called shipping package. To transport them by bus, truck, plane, train etc. only packing 
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in thick paper bags cannot be safe. The products to be transported in such way should be 

packed in tin or steel can or wooden box. Keeping products in these types of container is 

called distribution package. Such packaging becomes very safe and dependable. 

Packaging is classified: 

1. Family packaging – A package of a particular manufacturer, packed in an identical manner 

is known as family packaging. The shape and colour, the materials used for packaging will be 

similar for all the products in such cases. 

2. Reuse packaging – Packages that could be used for some other purposes after the goods 

have been consumed is known as reuse packaging. 

3. Multiple packaging – It is the practice of placing several units in one container. This helps 

to introduce new products and increase sales. 

 

4. Transport packaging – The product entering into the trade needs to be packed well enough 

to protect against loss or damage during handling, transport and storage, for example, 

fiberboard, wooden crate, etc. 

 

5. Consumer packaging – This packaging holds the required volume of the product for 

ultimate consumption and is more relevant in marketing, for example, beverages, tobacco, 

etc. 

 

Packaging Decision  : 

A decision taken in respect of packaging of a product is known as packaging decision. When 

a producer wants to take a decision in respect of packaging of a product, he has four main 

points for considerations to take the decision. 

 

1) Package Design: 

The very first decision taken by a producer in regard to packaging of a product is to decide 

the design of packaging. 

Decision of design of packaging includes following five decisions – 

(i) Which type of material will be used for packaging? 

(ii) What will be the design of packaging? 
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(iii) What colours will be used on packaging? 

(iv) What will be the matter printed on packaging? 

(v) What will be the brand name and trade mark on packaging. 

 

2) Package Cost: 

While taking any decision on packaging of a product, the cost of package plays an important 

role. The package must be selected only after considering the cost of package and its effect 

on the price of product. 

 

(3) Package Size: 

Very important decision in respect of packaging is to decide the size of packaging. The size 

of packaging differs from product to product, producer to producer and time to time. In 

addition to it, a single product is offered by a single producer to the consumers at a single 

time in different sizes of packaging. The size of package depends upon the nature of product 

and the quantity generally purchased by consumers. As different consumers buy a product in 

different sizes, it is advisable that the product must be packed in the 

packages of different sizes. 

 

(4) Package Test: 

When a package is decided for a product, the efforts are made to test it so that it may be 

assured that the package will meet the requirements of consumers. 

 

Types of  Packaging: 

• Transport or Shipping Packaging: 

These types of packaging are the ones used to ship bulk products or smaller, inner 

packages from one place to another. There are many types of packages to ship products that 

can be customized according to the company's need. 

• Crates : Crates and pallets are a very important packaging option for shipping. They keep 

the actual goods safe and help lift them off the surface to avoid any damage. Thus, 

protecting against dirt and moisture. 
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• Vacuum Packaging: 

This is a great packaging idea for sealed products. Hence, it is a good option for food 

products. It helps eliminate bacteria and yeast. Also, vacuum packaging helps food stay fresh 

in the freezer for a longer time 

• Shrink Wrap: 

Shrink wrap is a versatile packaging option. You can wrap it around the actual 

product, or an entire pallet or crate of products. This can help hold them together and make 

them easy to move. Besides that, it protects against impacts, punctures, and abrasions. Also, it 

gives a unique visual appeal to the packaging. Most importantly, it’s cheap prices make it 

cost-efficient. Thus, it can reduce shipping prices greatly. 

• Corrugated Cardboard Boxes: 

These boxes are commonly used to pack and carry heavy items such as electronics, 

appliances, wine, fruit, and vegetables. Moreover, wholesalers use them to package bulk 

products 

• Plastic or Polyethylene Bags: 

This is the cheapest packaging material available in the market. With that, it’s fairly 

durable and functional. Usually used for food, plants, flowers and newspapers packaging. 

Most importantly, it’s more commonly used, and most retail shopkeepers and small scale 

businesses use them as their basic packaging medium.. 

Stages of Packaging: 

Everything has a life cycle and this includes packaging. From the first inception of the 

packaging design to the moment it is opened by the consumer, every step matters. There are 

five separate stages that packaging goes through and each of these presents its own unique 

challenges. A brand’s packaging can be divided into five separate stages. 
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1. THE MANUFACTURING PROCESS: 

The first step in the packaging process is the manufacturing of that packaging. The 

manufacturing process needs to be considered when thinking about the design of the 

packaging. Some of the factors that will impact the manufacturing process include:The 

material or substrate of the packaging 

• The cost of these materials 

• Where the packaging is going to be manufactured 

• The time it will take to manufacture the packaging 

• Whether automation or hand assembly will be utilized 

2. THE FILLING & ASSEMBLING PROCESS: 

After the manufacturing process is completed, the packaging needs to be filled and 

assembled. This can take many forms depending on the nature of the product. Some of the 

examples include: 

• Is the package a simple box inside of which the product will sit? 

• Does the packaging require a separate tray or insert to encompass the product? 

• Is assembly and filling automated or manual? 

3. THE TRANSPORTATION OF THE PRODUCT 

Once the packaging has been fulfilled, the product will be transported to wherever it 

is being sold. It is imperative for the product to be protected during this important step. 

Whether it is being moved by land, sea, or air, steps need to be taken to protect the integrity 

of the product. This needs to be incorporated into the design of the packaging. Consider the 

transportation of the product and take steps to protect it. In addition to protecting the 
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packaging and final product, it’s important to note that packaging efficiency is also important 

when it comes to logistics. Well thought-out packaging means more efficiency in 

transportation which can reduce costs. 

4. THE SHELF LIFE 

Shelf life is yet another area to consider when designing a packaging design. While 

we’re mostly familiar with shelf life in terms of perishable items, shelf life also represents 

how well the product will appear on the shelf. From tamper protection to fragility, these have 

to be considered well in advance. A design that is too intricate and fragile might easily 

damage on a store shelf or on display, making it unattractive to consumers. 

5. THE USER EXPERIENCE 

The last step in the packaging process is the experience of the user. Industry-leading 

brands know this and value this part of the packaging process significantly. They understand 

that packaging is a vehicle for communicating with the customer. In addition to protecting the 

product, packaging should create an experience for the consumer. It should tell a story and 

build the customer’s loyalty. This alone, provides a solid return on the brand’s marketing 

investment. 

Packaging strategy : 

Unique Packaging: 

The packaging "must stand out from the crowd" and be different from your 

competitors. You do not want consumers to confuse your product with that of 

your competitors. 

Functional Packaging: 

If the packaging has more than one function, ensure that it performs all of its 

functions. For example the packaging for Muller's corner range of yogurts is divided into two 

https://www.learnmarketing.net/competitoranalysis.htm
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sections; one section contains the yogurt and the other contains the topping. The packaging 

enables consumers to decide how to mix their yogurt and is therefore interactive 

Promotional Packaging: 

Packaging must be designed to promote the benefits of the product. When consumers 

are deciding on which product brand to choose, they will use the packaging to make their 

decision. Ensure that the packaging highlights product benefits especially unique benefits not 

found in competitor products. 

Brand Reinforcement Packaging: 

The packaging of the product must reinforce not just the product brand but also the 

corporate brand. Will it follow the corporate colour scheme? Will the fonts be similar to other 

products within your product range? Will the packaging follow the family brand strategy and 

make the most of brand equity. 

Easy to Remove Packaging: 

Consumer give up products, if packaging makes it difficult to access or use the product. 

Packaging must also allow consumers to remove it without damaging the product. Some 

manufacturers will provide labelling on the packaging to help consumers remove it, for 

example arrows showing which side is the top of the product or instructions on how to 

remove lids from medicine bottles. 

Promotional Packaging: 

Packaging must be designed to promote the benefits of the product. When consumers are 

deciding on which product brand to choose, they will use the packaging to make their 

decision. Ensure that the packaging highlights product benefits especially unique benefits not 

found in competitor products 

Labels and symbols used on packages: 

               Many types of symbols for package labeling are nationally and internationally 

standardized. For consumer packaging, symbols exist for product certifications (such as 

the FCC and TÜV marks), trademarks, proof of purchase, etc. Some requirements and 

https://www.learnmarketing.net/branding.htm
https://en.wikipedia.org/wiki/FCC_Declaration_of_Conformity
https://en.wikipedia.org/wiki/T%C3%9CV
https://en.wikipedia.org/wiki/Trademark
https://en.wikipedia.org/wiki/Proof_of_purchase
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symbols exist to communicate aspects of consumer rights and safety, for example the CE 

marking or the estimated sign that notes conformance to EU weights and measures accuracy 

regulations. Examples of environmental and recycling symbols include there cycling symbol, 

the recycling code (which could be a resin identification code), and the "Green Dot". Food 

packaging may show food contact material symbols. In the European Union, products of 

animal origin which are intended to be consumed by humans have to carry standard, oval-

shaped EC identification and health marks for food safety and quality insurance reasons. 

Bar codes, Universal Product Codes, and RFID labels are common to allow automated 

information management in logistics and retailing. Country-of-origin labeling is often used. 

Some products might use QR codes or similar matrix barcodes. Packaging may have 

visible registration marks and other printing calibration and troubleshooting cues. 

Package design and development are often thought of as an integral part of the new product 

development process. Alternatively, the development of a package (or component) can be a 

separate process but must be linked closely with the product to be packaged. Package design 

starts with the identification of all the requirements: structural design, marketing, shelf 

life, quality assurance, logistics, legal, regulatory, graphic design, end-use, environmental, 

etc. The design criteria, performance (specified by package testing), completion time targets, 

resources, and cost constraints need to be established and agreed upon. Package design 

processes often employ rapid prototyping, computer-aided design, computer-aided 

manufacturing and document automation. 

 

Environmental considerations: 

            Package development involves considerations of sustainability, environmental 

responsibility, and applicable environmental and recycling regulations. It may involve a life 

cycle assessment which considers the material and energy inputs and outputs to the package, 

the packaged product (contents), the packaging process, the logistics system, waste 

management, etc. It is necessary to know the relevant regulatory requirements for point of 

manufacture, sale, and use. 

The traditional “three R’s” of reduce, reuse, and recycle are part of a waste hierarchy which 

may be considered in product and package development. 

   

 

https://en.wikipedia.org/wiki/CE_marking
https://en.wikipedia.org/wiki/CE_marking
https://en.wikipedia.org/wiki/Estimated_sign
https://en.wikipedia.org/wiki/Recycling_symbol
https://en.wikipedia.org/wiki/Recycling_codes
https://en.wikipedia.org/wiki/Resin_identification_code
https://en.wikipedia.org/wiki/Green_Dot_(symbol)
https://en.wikipedia.org/wiki/Food_contact_materials
https://en.wikipedia.org/wiki/European_Union
https://en.wikipedia.org/wiki/EC_identification_and_health_marks
https://en.wikipedia.org/wiki/Barcode
https://en.wikipedia.org/wiki/Universal_Product_Code
https://en.wikipedia.org/wiki/Radio-frequency_identification
https://en.wikipedia.org/wiki/Logistics
https://en.wikipedia.org/wiki/Retailing
https://en.wikipedia.org/wiki/Country-of-origin
https://en.wikipedia.org/wiki/QR_code
https://en.wikipedia.org/wiki/Matrix_barcode
https://en.wikipedia.org/wiki/Printing_registration
https://en.wikipedia.org/wiki/New_product_development
https://en.wikipedia.org/wiki/New_product_development
https://en.wikipedia.org/wiki/Marketing
https://en.wikipedia.org/wiki/Shelf_life
https://en.wikipedia.org/wiki/Shelf_life
https://en.wikipedia.org/wiki/Quality_assurance
https://en.wikipedia.org/wiki/Logistics
https://en.wikipedia.org/wiki/Graphic_design
https://en.wikipedia.org/wiki/Package_testing
https://en.wikipedia.org/wiki/Rapid_prototyping
https://en.wikipedia.org/wiki/Computer-aided_design
https://en.wikipedia.org/wiki/Computer-aided_manufacturing
https://en.wikipedia.org/wiki/Computer-aided_manufacturing
https://en.wikipedia.org/wiki/Document_automation
https://en.wikipedia.org/wiki/Sustainability
https://en.wikipedia.org/wiki/Environmental_policy
https://en.wikipedia.org/wiki/Recycling
https://en.wikipedia.org/wiki/Life_cycle_assessment
https://en.wikipedia.org/wiki/Life_cycle_assessment
https://en.wikipedia.org/wiki/Logistics
https://en.wikipedia.org/wiki/Waste_management
https://en.wikipedia.org/wiki/Waste_management
https://en.wikipedia.org/wiki/Waste_hierarchy
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1. Prevention 

Waste prevention is a primary goal. Packaging should be used only where needed. 

Proper packaging can also help prevent waste. Packaging plays an important part in 

preventing loss or damage to the packaged product (contents). Usually, the energy 

content and material usage of the product being packaged are much greater than that of 

the package. A vital function of the package is to protect the product for its intended use: 

if the product is damaged or degraded, its entire energy and material content may be lost. 

 

2. Minimization: 

The mass and volume of packaging (per unit of contents) can be measured and used 

as criteria for minimizing the package in the design process. Usually “reduced” packaging 

also helps minimize costs. Packaging engineers continue to work toward reduced packaging. 

 

3. Reuse: 

Reusable packaging is encouraged.] Returnable packaging has long been useful (and 

economically viable) for closed loop logistics systems. Inspection, cleaning, repair and 

recouperage are often needed. Some manufacturers re-use the packaging of the incoming 

parts for a product, either as packaging for the outgoing product or as part of the product 

itself. 

 

4. Recycling: 

Recycling is the reprocessing of materials (pre- and post-consumer) into new 

products. Emphasis is focused on recycling the largest primary components of a package: 

steel, aluminum, papers, plastics, etc. Small components can be chosen which are not difficult 

to separate and do not contaminate recycling operations. Packages can sometimes be 

designed to separate components to better facilitate recycling. 

 

5. Energy recovery: 

Waste-to-energy and Refuse-derived fuel in approved facilities make use of the 

heat available from incinerating the packaging components. 

 

6. Disposal: 

Incineration, and placement in a sanitary landfill are undertaken for some materials. 

Certain US states regulate packages for toxic contents, which have thepotential to 
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contaminate emissions and ash from incineration and leachate from landfill. Packages should 

not be littered. 

 

 

LABELLING 

 

Labelling is a part of branding and enables product identification. It is on about the 

product. Customers make the decision easily at the point of purchase seeing the labelling of 

the product. 

 

Labels must comply with the legal obligations. A company’s label needs to adhere to 

the CompetitionandConsumerAct2010. According to The Food and Drug Administration 

(FDA), packaged and processed food items must have nutritional labelling. The Federal 

Trade Commission Act (FTC) states that cheating of labels and graphics is an offence and 

comprise unjust competition. 

 

The Fair Packaging and Labeling Act establishes compulsory labelling conditions, 

boosts independent packaging standards and grants federal companies to establish packaging 

regulations in certain industries. A printed information that is bonded to the product for 

recognition and provides detailed information. 

 

TYPES OF LABELLING: 

 

There are different types of labels: 

1.Brand label: It plays an important role in labelling as it gives information about the 

brand. It can be removable or non-removable. 

2. Descriptive label: It specifies product usage. 

3. Grade label: It describes the aspect and features of the product. 

 

FUNCTIONS OF LABELLING: 

 

The different functions of labelling are as follows: 

1.Defines the product and its contents:  
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A label is informative about the product’s usage and caution to be taken while using the 

product. Example, Red Label Natural Care tea mentions five ingredients in its label that 

provide immunity. 

 

2. Recognition of product:  

Labeling assists in the identification of the product. Example, the brand name of a 

chocolate will help one choose from the rest of the confectionery items available. 

 

3. Assorting of products: 

It means classification or grading of products according to different categories in the 

market. Example, shampoos are categorized as dry hair, normal hair and oily hair types and 

cater to consumers in the market with the dry, normal and oily scalp, respectively. 

 

4. Assists promotion of products: 

It gives the customer the reason to purchase the product. Example, it attracts the 

attention of the consumer by displaying messages such as ‘20% free’ or ‘save rupees 15’ 

message in potato chips packet. 

 

5. In compliance with the law:  

Labels should strictly abide by the law. Example, for tobacco, the label should mention 

‘Tobacco is injurious to health’. Cigarettes also should have ‘Smoking is injurious to health’ 

as the statutory warning on its package. 

 

IMPORTANCE OF LABELLING 

1. Labelling is significant as it fetches customers’ attention to purchase the product because 

of visual appeal. 

2. It promotes the sale of the product as it can make or break the sale of a product. Labelling 

is an important factor in the sale of a product. It helps in grading and provides information 

required by the law. 

 

ADVANTAGES OF PACKAGING 

1. Serves as protection for the product 

2. Advertises the company with it's design 
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3. Can be designed to suit the theme 

4. Can be designed to appeal to target market 

5. Can be made to fit in the point of sale 

 

DISADVANTAGES OF PACKAGING 

However, packaging creates the following problems: 

1. Packaging exhausts natural resources. 

2. Packaging is too expensive. 

3. Some forms of plastic packaging are health hazards. 

4. Packaging is deceptive. 

5. Used and discarded packaging contributes significantly to the consumer protection 

problem. 
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 STATEMENT OF THE PROBLEM 

Packaging is one of the most important steps in manufacturing of soaps. Some 

companies too do not  know  the relationship between  product content and packaging . Most 

marketers do not have knowledge as to whether packaging an alter customer perception of 

products . It is on these ground that the researcher seeks to find out : 

What forms of packaging do companies use in their marketing of their products ? . 

Do companies have adequate knowledge about how packaging is used to benefit their 

business ? 

How effective  packaging is important in field of  bath soaps and gaining competitive 

advantage in the soap industry , a study of HUL. 
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 REVIEW OF LITERATURE 

 

In the view of Deliya and Parmar (2012), packaging can be defined as an extrinsic 

element of the product. They stressed further that it can also be defined as a container 

product. Silayoi and Speece (2005) see packaging as the overall features that underline the 

uniqueness and originality of the product. In the view of Ahmed, Parmar and Amin (2014), 

packaging is described as a whole package that becomes an ultimate selling proposition, 

which stimulates impulse buying behavior. 

 

In Gomez, Consuegra and Molina (2015), the importance of packaging in purchase 

and usage behaviour of milk in Spain was investigated. The result showed that packaging 

technical, functional and information quality contributed in no small measured to customer 

satisfaction. 

 

Meanwhile, Gomez, et al., investigation was on satisfaction rather than patronage, the 

fact remains that since satisfaction is an antecedent of patronage, this makes their studies 

relevant to the present study. To achieve objectives, 7 point Likert scale questionnaire, 

convenience sampling and partial least squares were utilized. 

 

Also, studies of Zekiri and Hasani (2015) on the role and impact of the packaging effect on 

consumer buying behaviour showed positive relationship between the independent variables 

and dependent variable. However, quality of the packaging material, innovation and 

practicality, and package design, were considered most important. Primary and secondary 

data sources, descriptive and inferential statistics were used as methods analysis. 

 

Charles, Joe and Carl (in Zekiri and Hasani, 2015) pointed out four distinct marketing 

functions being performed by packaging to include, it contains and protects the product; it 

promotes the\ product; it helps consumer use the product; and it facilitates recycling and 

reduces environmental damage. 
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NEED AND SIGNIFICANCE OF THE STUDY 

 

The reason for selection of this  topic is , Packaging plays an important role on 

marketing products and services in many competitive environments.  A good packaging can 

increase sales of products, reduces the level of inventory, which yields to higher profitability. 

A package is basically an extension of the product offered for sale. In many situations the 

packaging may be more important than the product it contains. It helps to know what types of 

packaging used by the soap industry. Apart this it helps analyze customer convenience and 

satisfaction through packaging. It facilitates retailer’s functions .Hence this study will be 

useful to know how effectively packaging works for bath soap industry  . 

The reason for selection of  this area is , The study helps to know that products need a 

packaging to keep itself safe from harmful effect of environmental conditions. Proper 

packaging is the first step being observed by the customers . The study also seeks to find out 

the role of packaging  in the soap industry. 
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OBJECTIVES OF THE STUDY 

 

• To study the concept of packaging and its effectiveness . 

• To conduct a study into the effectiveness of packaging as a marketing tool in the soap 

industry at HUL. 

• To examine the forms of packaging used by HUL in marketing of their products. 

• To assess the impact of label information regarding the product content. To find out 

customers’ perception of packaging in the soap industry. 

• To find out the role which packaging plays in the soap industry. 

• To make recommendations that may be adopted to improve packaging as an effective 

marketing  tool in the soap industry. 
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RESEARCH  DESIGN AND METHODOLOGY 

 

Research type : the present study will follow Descriptive research 

 

Data source: 

After the research  plan  has been checked out , now  the data collection  process starts 

involves by collecting both primary and  secondary data . 

 

 Primary data : 

For the present study ,the data has been gathered from both primary and secondary 

sources . The primary data has been collected by administrating a structured 

questionnaire from the Ayyappa  Agencies . 

 Secondary data : 

The secondary data has been gathered from internet , books, research articles and 

journals 

Sampling: 

Sampling  may be defined as the selection of one part of an aggregate or  totality on the basis 

of which judgement or interference about the  totality or aggregate  made. 

Sampling technique : The study will follow convenience sampling. 

Sample size: A sample size of  75 will be taken in order  to conduct the study. 

Data collection method : The data will be collected with the help of questionnaire 

Statistical Tool : The collected data will be interpreted  using  Simple statistical  tool  like 

mean , percentage , averages and graphical tools 
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SCOPE AND LIMITATION OF THE STUDY 

Scope of  the study : 

Geographically the present study is confined to Ayappa Agencies , Kurnool. 

Functionally it is confined to find the effectiveness of packaging of bath soaps ,of  HUL 

brand. 

Limitation of  the study : 

 The present study is related to bath soaps of hul industry and study confined to 

Ayyappa agencies , kurnool . 

 The results extracted from the study cannot be generalized and cannot apply for other 

products . 

 Information provided  by respondents may change according to time and situations . 

Time and money also the constraints of the study. 
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INDUSTRY PROFILE 

 

Retail is the process of selling consumer goods or services to customers through 

multiple channels of distribution to earn a profit. Retailers satisfy demand identified through 

a supply chain. The term "retailer" is typically applied where a service provider fills the small 

orders of many individuals, who are end-users, rather than large orders of a small number of 

wholesale, corporate or government clientele. Shopping generally refers to the act of buying 

products. Sometimes this is done to obtain final goods, including necessities such as food and 

clothing; sometimes it takes place as a recreational activity. Recreational shopping often 

involves window shopping and browsing: it does not always result in a purchase. 

 

Retail markets and shops have a very ancient history, dating back to antiquity. Some 

of the earliest retailers were itinerant peddlers. Over the centuries, retail shops were 

Transformed  from little more than "rude booths" to the sophisticated shopping malls of the 

modern era. 

 

Most modern retailers typically make a variety of strategic level decisions including 

the type of store, the market to be served, the optimal product assortment, customer service, 

supporting services and the store's overall market positioning. Once the strategic retail plan is 

in place, retailers devise the retail mix which includes product, price, place, promotion, 

personnel, and presentation. In the digital age, an increasing number of retailers are seeking 

to reach broader markets by selling through multiple channels, including both bricks and 

mortar and online retailing. Digital technologies are also changing the way that consumers 

pay for goods and services. Retailing support services may also include the provision of 

credit, delivery services, advisory services, stylist services and a range of other supporting 

services. 

 

Retail shops occur in a diverse range of types and in many different contexts – from 

strip shopping centres in residential streets through to large, indoor shopping malls. Shopping 

streets may restrict traffic to pedestrians only. Sometimes a shopping street has a partial or 

full roof to create a more comfortable shopping environment – protecting customers from 

various types of weather conditions such as extreme temperatures, winds or precipitation. 
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Forms of non-shop retailing include online retailing (a type of electronic commerce used for 

business-to-consumer (B2C) transactions) and mail order. 

 

Etymology 

 

The word retail comes from the Old French verb tailler, meaning "to cut off, clip, pare divide 

in terms of tailoring" (c. 1365). It was first recorded as a noun in 1433 with the meaning of "a 

sale in small quantities" from the Middle French verb retailer  meaning "a piece cut off, 

shred, scrap, paring". At the present, the meaning of the word retail (in English, French, 

Dutch, and German) refers to the sale of small quantities of items to consumers (as opposed 

to wholesale). 

 

Definition and explanation 

Retail refers to the activity of selling goods or services directly to consumers or end-

users. Some retailers may sell to business customers, and such sales are termed non-retail 

activity. In some jurisdictions or regions, legal definitions of retail specify that at least 

80percent of sales activity must be to end-users. 

 

Retailing often occurs in retail stores or service establishments, but may also occur 

through direct selling such as through vending machines, door-to-door sales or electronic 

channels. Although the idea of retail is often associated with the purchase of goods, the term 

may be applied to service-providers that sell to consumers. Retail service providers include 

retail banking, tourism, insurance, private healthcare, private education, private security 

firms, legal firms, publishers, public transport and others. For example, a tourism provider 

might have a retail division that books travel and accommodation for consumers plus a 

wholesale division that purchases blocks of accommodation, hospitality, transport and 

sightseeing which are subsequently packaged into a holiday tour for sale to retail travel 

agents. Some retailers badge their stores as "wholesale outlets" offering "wholesale 

prices."While this practice may encourage consumers to imagine that they have access to 

lower prices, while being prepared to trade-off reduced prices for cramped in-store 

environments, in a strictly legal sense, a store that sells the majority of its merchandise direct 

to consumers, is defined as a retailer rather than a wholesaler. Different jurisdictions set 

parameters for the ratio of consumer to business sales that define a retail business. 

Retail format: 
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Types of retail outlet: 

The retail format (also known as the retail formula) influences the consumer's store 

choice and addresses the consumer's expectations. At its most basic level, a retail format is a 

simple marketplace, that is; a location where goods and services are exchanged. In some parts 

of the world, the retail sector is still dominated by small family-run stores, but large retail 

chains are increasingly dominating the sector, because they can exert considerable buying 

power and pass on the savings in the form of lower prices. Many of these large retail chains 

also produce their own private labels which compete alongside manufacturer brands. 

Considerable consolidation of retail stores has changed the retail landscape, transferring 

power away from wholesalers and into the hands of the large retail chains. In Britain and 

Europe, the retail sale of goods is designated as a service activity. The European Service 

Directive applies to all retail trade including periodic markets, street traders and peddlers. 

 

Retail type by product: 

 

Retail stores may be classified by the type of product carried: 

 

Food retailers: 

Retailers carrying highly perishable foodstuffs such as meat, dairy and fresh produce 

typically require cold storage facilities. Consumers purchase food products on a very regular 

purchase cycle – e.g. daily, weekly or monthly. 

 

Soft line retailers: 

Soft line retailers sell goods that are consumed after a single-use, or have a limited life 

(typically under three years) in they are normally consumed. Soft goods include clothing, 

other fabrics, footwear, toiletries, cosmetics, medicines and stationery. Grocery and 

convenience retail Grocery stores, including supermarkets and hypermarkets, along with 

convenience stores carry a mix of food products and consumable household items such as 

detergents, cleansers, personal hygiene products. Consumer consumables are collectively 

known as fast-moving-consumer goods (FMCG) and represent the lines most often carried by 

supermarkets, grocers and convenience stores. For consumers, these are regular purchases 

and for the retailer, these products represent high turnover product lines. Grocery stores and 

convenience stores carry similar lines, but a convenience store (staffed or automated) is often 

open at times that suit its clientele and may be located for ease of access. 
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Hardline retailers: 

Retailers selling consumer durables are sometimes known as hardline retailers – automobiles, 

appliances, electronics, furniture, sporting goods, lumber, etc., and parts for them. Goods that 

do not quickly wear out and provide utility over time. For the consumer, these items often 

represent major purchase decisions. Consumers purchase durables over longer purchase 

decision cycles. For instance, the typical consumer might replace their family car every 5 

years, and their home computer every 4 years. 

 

Specialist retailers: 

Specialist retailers operate in many industries such as the arts e.g. green grocers, 

contemporary art galleries, bookstores, handicrafts, musical instruments, gift shops 

 

Types of retail outlet by product type: 

 

Retail types by marketing strategy 

Types of retail outlets (retail shops, retail stores) by marketing strategy include: 

 

Arcade: 

A shopping arcade refers to a group of retail outlets operating under a covered 

walkway. Arcades are similar to shopping malls, although they typically comprise a smaller 

number of outlets. Shopping arcades were the evolutionary precursor to the shopping mall, 

and were very fashionable in the late 19th century. Stylish men and women would 

promenade. around the arcade, stopping to window shop, making purchases and also taking 

light refreshments in one of the arcade's tea-rooms. Arcades offered fashionable men and 

women opportunities to 'be seen' and to socialize in a relatively safe environment. Arcades 

continue to exist as a distinct type of retail outlet. Historic 19th-century arcades have become 

popular tourist attractions in cities around the world. Amusement arcades, also known as 

penny arcades in the US, are more modern incarnation of the eighteenth and nineteenth 

century shopping arcade. 

 

Anchor store: 

An anchor store (also known as draw tenant or anchor tenant) is a larger store with a 

good reputation used by shopping mall management to attract a certain volume of shoppers to 

a precinct. 
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Bazaar: 

The term, 'bazaar' can have multiple meanings. It may refer to a Middle-Eastern 

market place while a 'penny bazaar' refers to a retail outlet that specializes in inexpensive or 

discounted merchandise. In the United States a bazaar can mean a "rummage sale" which 

describes a charity fundraising event held by a church or other community organization and 

in which either donated used goods are made available for sale. 

 

Boutique: 

A Boutique is a small store offering a select range of fashionable goods or 

accessories.  The term, 'boutique', in retail and services, appears to be taking on a broader 

meaning with popular references to retail goods and retail services such as boutique hotels 

,boutique beers (i.e. craft beers), boutique investments etc. 

 

Category killer: 

By supplying a wide assortment in a single category for lower prices a category killer 

retailer can "kill" that category for other retailers.] A category killer is a specialist store that 

dominates a given category. Toys "R" Us, established in 1957, is thought to be the first 

category killer, dominating the children's toys and games market. For a few categories, such 

as electronics, home hardware, office supplies and children's toys, the products are displayed 

at the centre of the store and a sales person will be available to address customer queries and 

give suggestions when required. Rival retail stores are forced to reduce their prices if a 

category killer enters the market in a given geographic area. Examples of category killers 

include Toys “R”Us and Australia's Bunnings (hardware, DIY and outdoor supplies) and 

Office works  (stationery and supplies for the home office and small office). Some category 

killers redefine the category. For example, Australia's Bunnings began as a hardware outlet, 

but now supplies a broad range of goods for the home handyman or small tradesman, 

including kitchen cabinetry, craft supplies, gardening needs and outdoor furniture. Similarly 

Office works straddles the boundary between stationery supplies, office furniture and digital 

communications devices in its quest to provide for all the needs of the retail consumer and the 

small, home office. 

 

Chain store: 

Chain store is one of a series of stores owned by the same company and selling the 

same or similar merchandise. Chain stores aim to benefit from volume buying discounts 
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(economies of scale) and achieve cost savings through economies of scope (e.g. centralized 

warehousing, marketing, promotion and administration) and pass on the cost savings in the 

form of lower prices. 

 

Concept store: 

Concept stores are similar to specialty stores in that they are very small in size, and 

only stock a limited range of brands or a single brand. They are typically operated by the 

brand that controls them. Example: L'OCCITANE en Provence. The limited size and offering 

of L'OCCITANE's stores is too small to be considered a specialty store. 

However, a concept store goes beyond merely selling products, and instead offers an 

immersive customer experience built around the way that a brand fits with the customer's 

lifestyle. Examples include Apple's concept stores, Kit Kat's concept store in Japan. 

 

Co-operative store: 

A co-operative store; also known as a co-op or coop, is a venture owned and operated 

by consumers to meet their social, economic and cultural needs. 

Convenience store: 

A convenience store provides limited amount of merchandise at above average prices with a 

speedy checkout. This store is ideal for emergency and immediate purchase consumables as it 

often operates with extended hours, stocking every day. 

 

Department store: 

Department stores are very large stores offering an extensive assortment of both "soft" 

and "hard" goods which often bear a resemblance to a collection of specialty stores. A retailer 

of such store carries a variety of categories and has a broad assortment of goods at moderate 

prices. They offer considerable customer service. 

 

Destination store: 

A destination store is one that customers will initiate a trip specifically to visit, 

sometimes over a large area. These stores are often used to "anchor" a shopping mall or plaza 

, generating foot traffic, which is capitalized upon by smaller retailers. 

Demographic Retailers that aim at one particular segment (e.g. high-end/ luxury retailers 

focusing on wealthy individuals or niche market). 
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Discount store: 

Discount stores tend to offer a wide array of products and services, but they compete 

mainly on price. They offer extensive assortments of merchandise at prices lower than other 

retailers and are designed to be affordable for the market served. In the past, retailers sold less 

fashion-oriented brands. However, in more recent years companies such as TJX Companies 

(Own T.J. Maxx and Marshalls) and Ross Stores are discount store operations increasingly 

offering fashion-oriented brands on a larger scale. 

 

E-tailor: 

The customer can shop and order through the internet and the merchandise is dropped 

at the customer's doorstep or an e-tailor. In some cases, e-retailers use drop shipping 

technique. They accept the payment for the product but the customer receives the product 

directly from the manufacturer or a wholesaler. This format is ideal for customers who do not 

want to travel to retail stores and are interested in home shopping. 

 

General merchandise retailer: 

A general merchandise retailer stocks a variety of products in considerable depth. The 

types of product offerings vary across this category. Department stores, convenience stores, 

hypermarkets and warehouse clubs are all examples of general merchandise retailers. 

 

General store: 

A general store is a store that supplies the main needs of the local community and is 

often located in outback or rural areas with low population densities. In areas of very low 

population density, a general store may be the only retail outlet within hundreds of miles. The 

general store carries a very broad product assortment; from foodstuffs and pharmaceuticals 

through to hardware and fuel. In addition, a general store may provide essential services such 

as postal services, banking services, news agency services and may also act as an agent for 

farm equipment and stock-food suppliers. 

Hypermarkets: 

A hypermarket (also known as hypermart ) provides variety and huge volumes of 

exclusive merchandise at low margins. The operating cost is comparatively less than 

other retail formats; may be defined as "a combined supermarket and discount store, at least 

200,000 square feet (19,000 m2) or larger, that sells a wide variety of food and general 

merchandise at a low price." 
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Mall: 

A mall has a range of retail shops at a single building or outlet, arranged on a single 

level or multiple levels. A shopping mall typically includes one or more anchor stores. The 

retail mix in a mall may include outlets such as food and entertainment, grocery, 

electronics, furniture, gifts and fashion. Malls provide 7% of retail revenue in India, 10% in 

Vietnam, 25% in China, 28% in Indonesia, 39% in the Philippines, and 45% in Thailand. 

Malls are typically managed by a central management/ marketing authority which ensures 

that the mall attracts the right type of retailer and an appropriate retail mix. 

 

Supermarket: 

A supermarket is a self-service store consisting mainly of grocery and limited 

products on non-food items. They may adopt a Hi-Lo or an EDLP strategy for pricing. The 

supermarkets can be anywhere between 20,000 square feet (1,900 m2) and 40,000 square feet 

(3,700 m2). Example: SPAR supermarket. 

 

Retail Industry in India: 

Introduction: 

The Indian retail industry has emerged as one of the most dynamic and fast-paced 

industries due to the entry of several new players. Total consumption expenditure is expected 

to reach nearly US$ 3,600 billion by 2020 from US$ 1,824 billion in 2017. It accounts for 

over 10 per cent of the country’s Gross Domestic Product (GDP) and around 8 per cent of the 

employment. India is the world’s fifth-largest global destination in the retail space. India is 

the world’s fifth largest global destination in the retail space. In FDI Confidence Index, India 

ranks 16th (after U.S., Canada, Germany, United Kingdom, China, Japan ,France, Australia, 

Switzerland and Italy). 

 

Market size: 

Retail industry reached to US$ 950 billion in 2018 at CAGR of 13 per cent and 

expected to reach US$ 1.1 trillion by 2020. Online retail sales are forecasted to grow at the 

rate of 31 per cent year-on-year to reach US$ 32.70 billion in 2018. Revenue generated from 

online retail is projected to grow to US$ 60 billion by 2020. 

 

Revenue of India’s offline retailers, also known as brick and mortar (B&M) retailers, 

is expected to increase by Rs 10,000-12,000 crore (US$ 1.39-2.77 billion) in FY20. 



 

 36     
 

India is expected to become the world’s fastest growing e-commerce market, driven by robust 

investment in the sector and rapid increase in the number of internet users. Various agencies 

have high expectations about growth of Indian e-commerce markets. Luxury market of India 

is expected to grow to US$ 30 billion by the end of 2018 from US$ 23.8 billion 2017 

supported by growing exposure of international brands amongst Indian youth and higher 

purchasing power of the upper class in tier 2 and 3 cities, according to Assocham. 

 

Investment Scenario: 

The Indian retail trading has received Foreign Direct Investment (FDI) equity inflows 

totalling US$ 1.85 billion during April 2000–June 2019, according to the Department for 

Promotion of Industry and Internal Trade (DPIIT). With the rising need for consumer goods 

in different sectors including consumer electronics and home appliances, many companies 

have invested in the Indian retail space in the past few months. 

India’s retail sector investments doubled to reach Rs 1,300 crore (US$ 180.18 million) in 

2018. Walmart Investments Cooperative U.A has invested Rs 2.75 billion (US$ 37.68 

million) in Wal-Mart India Pvt Ltd. 

 

Government Initiatives: 

The Government of India has taken various initiatives to improve the retail industry in 

India. Some of them are listed below: 

The Government of India may change the Foreign Direct Investment (FDI) rules 

in food processing, in a bid to permit e-commerce companies and foreign retailers 

to sell Made in India consumer products 

 Government of India has allowed 100 per cent Foreign Direct Investment (FDI) in 

online retail of goods and services through the automatic route, thereby providing 

clarity on the existing businesses of e-commerce companies operating in India. 

Road Ahead: 

E-commerce is expanding steadily in the country. Customers have the ever-increasing 

choice of products at the lowest rates. E-commerce is probably creating the biggest revolution 

in the retail industry, and this trend would continue in the years to come .India's e-commerce 

industry is forecasted to reach US$ 53 billion by 2018. Retailers should leverage the digital 

retail channels (e-commerce), which would enable them to spend less money on real estate 

while reaching out to more customers in tier-2 and tier-3 cities. The Union Budget 2019-20 is 

expected to give boost to the rural consumption in India. 
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It is projected that by 2021 traditional retail will hold a major share of 75 per cent, organized  

retail share will reach 18 per cent and e-commerce retail share will reach 7 percent of the 

total retail market. 

 

Nevertheless, the long-term outlook for the industry is positive, supported by rising 

incomes, favorable demographics, entry of foreign players, and increasing urbanization. 

 

FMCG in India: 

The fast-moving consumer goods (FMCG) industry or consumer packaged goods 

(CPG) industry is mainly responsible for producing, distributing and marketing fast-moving 

consumer goods. The FMCG industry in India is the fourth largest sector by economy and 

sales revenue. Household and personal care products accounts for 50% of the sales in the 

industry, healthcare accounts for 31-32% and food and beverage accounts for remaining 18-

19%. 

 

Market size and projected growth rate: 

In the last 10 years, the revenue in FMCG industry in India has been growing at the 

rate of 21.4%. There was a drastic change in revenues in FMCG sector growing from US$ 

31.6 billion to US$ 52.8 from 2011 to 2017-2018 respectively. FMCG industry in India is 

expected to grow at the rate of 27.9% CAGR (Compounded Annual Growth Rate) to sum to 

US$103.7 billion by 2020. Additionally, the rural FMCG market is projected to grow at a 

CAGR of 14.6% to reach US$100 billion by 2020 and US$220 billion by 2025.[1] The rural 

setting accounts for 45% revenue share while the urban setting dominates with 55% revenue 

share of the total revenue of the FMCG industry. More than 65% people in India stay in rural 

places and those people spend around 50% of their total expenditure on FMCG products. The 

number of people buying consumer goods online in India is projected to reach 850 million by 

2025. 

 

Driving factors leading to growth rate: 

Increased population of working women 

Increased disposable income and growing per capita expenditure 

Increased purchasing power of the customers 

Increased awareness of online shopping 

Higher brand recognition and consciousness 
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Constant change in consumer preference 

Banking policies and government's regulations 

Growing interest for foreign investors 

 

Evolution: 

Between 1950 and 1980, there was limited investment in the FMCG sector. Local 

people had lower purchasing power, which meant that people opted for necessity products 

rather than premium products. Indian government was inclined towards favoring the local 

shops and retailers. Between 1980 and 1990, people wanted more variety of products which 

encouraged FMCG companies to increase the availability of products. FMCG Industry started 

getting traction and other companies started entering the industry. Media industry in India 

also boomed during the same time which gave new companies even more incentive to make 

their business profitable. Prior to 1991, when globalization and liberalization occurred in 

India, western apparels and foreign food products were not available to local customers. 

Common people weren’t very aware of brand recognition. 

 

After 1991, FMCG industry was inspired by the international companies which also 

allowed government intervention to incentive foreign FMCG companies to operate in India. 

The Indian FMCG industry generates massive employment opportunities and currently 

employs more than 3 million people. Departmental stores, grocery stores, and super markets 

are the places where consumers buy the necessary products for daily consumption. In the 21st 

century, people don’t want to move across different stores to acquire the common household 

goods. Hence, the introduction of supermarkets, where customers have variety of choices for 

different household products, into localities are proving to be extremely convenient to the 

customers. Some of the most common stores in India are: Reliance Retail, Big Bazaar, D-

Mart, Easy day, MORE, Spencer’s, Spar, HyperCity, and Star Bazaar. Although the 

operations of supermarkets are profitable, local grocery stores are suffering due to lack of 

variety of products. Unlike other emerging FMCG industry around the world, FMCG sector 

in India is still quite conventional. Despite street markets are still one of the most visited 

places for shopping in urban and rural settings, online platforms are leading the way to buy 

FMCG products. 
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COMPANY PROFILE 

 

Kurnool is a city which is located in Andhra Pradesh state in India with an area of 

69.51km2 . It is often called as Gateway of Rayalaseema. The population as per census 2011 

comprises of 4,34,327. Now as per report it exceeded beyond 10 lakh. With the inception of 

LPG policy 1991 many retail outlets have been expanded in India, similarly in Kurnool. 

 

• Name : AYAPPA AGENCIES 

• Established :2011 

• No of Distributors:20 

• Investment Required: Rs.2.00 lac –Rs.5.00 lac 

• Location : Kurnool 

• Nature of Business :Wholesaler and Retailer 

Additional business : Trader & Supplier 

 

Ayyappa agency was formed by  Mr.Jignesh and Rameshchandra . It services include  

wholesaler , retailer , supplier of detergent soaps , bath soaps , toothpaste , detergent powder 

and more . These products are highly appreciated by their clients. Customer can avail an 

exclusive range of these products at industry leading prices from them. 

Profits of the company also increased year by year. Initially its profit percentage 

was5%and for the year 2014-2015 its profit percentage was 10%. It conducted success 

meetings in the year 2011 and 2012 on behalf of targets reached which was given by Nav 

Bharath Company. 

 

OUR CORE VALUES: 

 

As a supplier, we work hard to offer a total service, from formulating the needs of the 

customers to delivery. The management of your purchases is further consolidated by our 

network of local  contacts at loading and discharge ports. 

And equally dedicated approach to service extends into banking and finance ,where key 

contacts allow us to advise the client, and our support for clients predicated on the very 

latest business intelligence. 
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Doing our best to serve the client lets us go the extra mile. This means, for 

example, finding be spoke products in line with customer specifications. From this 

platform, we can source special quality goods in line with your precise needs. These 

carefully tailored goods travel one equally using precise, yet flexible, transport 

arrangements. According to what the customer requires. 

 

Vision and Mission statement 

 

Vision: 

To maintain Long term customer relationship by our services 

Mission: 

To provide quality services to customers who visit their agencies . 

 

Company objectives: 

• To attain self reliance 

• To promote and upload its image as symbol of its products 

• To promote quality products 

• To maintain the loyalty of its customers 

• To supply the products mentioned above at most reasonable and competitive rate . 

 

Before anyone can make a decision about anything, one must first make a 

judgment about what one is trying to accomplish . Earning profits, accumulating wealth, 

passing on a family business to descendants, reducing debts, and attaining financial 

security are just a few of the things that a business owner might want to accomplish as a 

result. 

Setting goals is a somewhat troubling task because it forces us to make value 

judgments and assign ourselves some responsibilities. Making value judgments is not 

difficult but it does make us declare to ourselves how we feel about money, family, 

friends, etc. Assigning ourselves responsibilities and deadlines for accomplishments is a 

bit troubling because it puts us in a position where we can possibly fail. We need to do 
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this however because we will not accomplish anything otherwise. 

Security is another thing we desire and strive to achieve. We would all like to be 

shielded from financial hardships and the emotional stresses that go with worrying about 

how we are going to   make mortgage payments or buy  groceries .We cannot eliminate  

these worries but we manage and control them. 

Earning money, gaining security, interacting with humans, and achieving status 

are four goals that all owners are attempting to achieve. Attaining these goals is 

challenge .Everyone must decide the importance of every goal that they set for 

themselves so they can then prioritize their various goals. A person has to do this in 

order to decide which goal will take precedence over another when they are at odds with 

one another. For example, a person has to decide whether earning money or avoiding 

risks is more important because it is typically impossibly to achieve the goals 

simultaneously engaging  because they are not mutually exclusive. 

When setting priorities and goals a person has to remember that long run 

objectives must always take precedence over short-term goals. This has to occur or else 

it is possible that a person will not do what needs to be done in the short run in order to 

achieve something 30 or40 years in the future 

 

Products of AYYAPPA AGENCIES  OF BRAND HUL : 

1. LUX 

2. DOVE 

3. LIFEBUOY 

4. REXONA 

5. PEARS 

6. LIRIL 

 

SWOT : 

STRENGTHS: 

• Strong company image 

• Presence of distribution channel in both urban and rural areas 

• Corporate social responsibility 

 



 

 42     
 

WEAKNESSES: 

• Strong competitors 

• High price of some products 

• Advertising cost is high 

OPPORTUNITIES: 

• Changes in lifestyle 

• Raising income levels 

THREATS : 

• Minic of brands 

• Temporary slowdown in economy 

• Tax and regulatory structure. 

 

And many more FMCG products are available in Ayappa Agencies. Also it Possess 

GSTIN : 37BFMPK6707R1Z4 and also email id : ayappaagencies2011@gmail.com. For any 

Queries one can mail it. 

 



 

     
 

 

 

 

 

 

CHAPTER - IV 

DATA ANALYSIS
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DATA ANALYSIS 

 

In this chapter is an attempt to study  an effectiveness of  packaging on bath soaps of HUL brand. 

The frequency and percentage analysis is used for analyzing data through Excel. 

 

Table -4.1 : Gender 

 
 

Gender Frequency Percentage 

Male 30 40% 

Female 45 60% 

Total 75 100% 

 

Source: Primary data 

 

 

 

Interpretation: 

The above Table-4.1 depicts that the respondents females are highest, response of 45 

with 60 percent, followed by males response with 30 with 40 percent . 

  

 

0

5

10

15

20

25

30

35

40

45

50

Male Female

F
re

q
u
en

cy

Gender

Gender



 

 44     
 

Table-4.2: Age Group 

 

Age group Frequency Percentage 

15-25 16 43 

25-35 37 49 

35-45 12 16 

Above 45 10 13 

Total 75 100 

Source: Primary data 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

   

   

Interpretation: 

Table-4.2 portrays that the age group respondents 21-35 are highest with 49%, followed 

by 15-25 age group respondents with 43%, followed by 35-45 age group respondents 

with 16%  and above 45 age group respondents falls least with 13%..   
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Table – 4.3 : Occupation 

 

Occupation Frequency Percentage 

Employed 16 21% 

Self employed 21 28% 

Professional 9 12% 

Student 16 21% 

Other 13 17% 

Total 75 100% 

Source: Primary data 

 

 

 

Interpretation: 

Table-4.3 illustrates that the highest 28% of  respondents are self employed, 21% are 

employed respondents , 21% are student respondents and 17% are other respondents. 
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Table-4.4 : Monthly Income 

 

Monthly Income Frequency Percentage 

Upto 10000 14 19% 

10000-20000 22 29% 

20000-40000 26 35% 

Above 40000 13 17% 

Total 75 100% 

 

Source: Primary data 

   

   

   

  

  

  

Interpretation: 

The above Table-4.4 unveils that the highest of 35% income level 

ranges between 20000-40000, with 29% percent ranges between 10000-20000, with 19%  

ranges between 0-10000, and with 17% ranges income level above 40000. 
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Table-4.5: Family Size 
 

Family size Frequency Percentage 

1-2 14 19% 

2-3 26 35% 

4-5 23 31% 

Above5 12 16% 

Total 75 100%   

Source: Primary data 

   

 

 

 

   

Interpretation: 

 

The above table 4.5 portrays  that highest percentage is 35% where family size 

ranges between 2-3 , followed by 31 percent of 4-5 , 19 percent of 1-2 and  16 

percent for the family size of above 5.   

   

0

5

10

15

20

25

30

1-2 2-3 4-5 Above 5

F
re

q
u
en

cy

Family size

Family size



 

 48     
 

Table-4.6 : How often do you buy bath soaps 

 

Source: Primary data 

 

 

 

Purchase of soaps Frequency Percentage 

Once in 15days 11 15% 

Once in a month 39 52% 

Once in 2 months 25 33% 

Total 75 100% 

 

   

 

   

Interpretation: 

The above table 4.6 revels the view of respondents for buying the bath soaps with 

highest percentage of 52% , respondents tend to buy once in a month , 33% of 

respondents buy once in 2 months and 15%  of respondents purchase once in 

15days. 
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Table-4.7: Do you use a specific soap brand 

 

Specific Brand Frequency Percentage 

Yes 46 61% 

No 29 39% 

Total 75 100% 

Source :Primary data 

 

 
  

   

 

Interpretation: 

 

In the table 4.7 , the respondents who use specific soap brand are high with percent of 61% 

with response ‘YES’ compared to lowest percent of 49% with response ‘NO’. 
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Table-4.8: Category of soap do you generally use? 

Source :Primary data 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interpretation : 

 

The table 4.8 unveils the category of soap used by the respondents , with 

highest percent of 48% -36 respondents use economic category , 25 respondents 

with 33% use premium category and 14 respondents use popular category of 

soap with 19 percent. 

 

 

  
 

Category Frequency Percentage 

Economic 36 48% 

Premium 25 33% 

Popular 14 19% 

Total 75 100% 
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Table-4.9: What is your brand preference 

 

Brand preference Frequency Percentage 

Lux 10 13% 

Lifebuoy 26 35% 

Pears 9 12% 

Dove 14 19% 

Hamam 10 13% 

Rexona 6 8% 

total 75 100% 
 

  

   

Source :Primary data 

 

 

 

 

Interpretation : 

The above data , helps to analyze the customers brand preference of bath soaps .where the highest 

respondents are 26 with percent of  35 for Lifebuoy soap , 19% for Dove soapswith respondents 14 

and , 13% for Lux and hamam soaps , 12% for Pears soap and lowest of 8% with 6 respondents 

for Rexona soaps. 
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Table-4.11:Packaging is attractive 

 

 

Attractiveness Frequency Percentage 

Strongly agree 38 51% 

Agree 24 32% 

Normal 6 8% 

Disagree 4 5% 

Strongly disagree 3 4% 

Total 75 100% 

 

Source :Primary data 

 

 

 

Interpretation: 

If  we have a glance from the above tells about attractiveness of  packaging  , like about highest of 

38 respondents  with   51%  strongly agree , 24 respondents with 32%  agree ,about 6 respondents 

with 8% just neutral , and 4 respondents with 5% disagree and 3 respondents with 4% strongly disagree. 
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Table-4.12: The quality of packaging can save product better ? 
 

Quality Frequency Percentage 

Strongly agree 33 44% 

Agree 21 28% 

Normal 11 15% 

Disagree 5 7% 

Strongly disagree 5 7% 

Total 75 100% 

 

Source: Primary data 

 

 

 

 

 

Interpretation : 

From the table and graph above , tells the views of  respondents about the quality of packaging 

can save a product better and with highest of 33 respondents with 44% strongly agree , whereas  

11 respondents with 15% neutral and 5 respondents with 7% strongly disagree. 

0

5

10

15

20

25

30

35

Strongly agree Agree Normal Disagree Strongly disagree

F
re

q
u
en

cy

Quality

Quality of packaging 



 

 54     
 

 

Table-4.13:wrapper design is important in packaging 

 

 

Source: Primary data 

 

 

 

 

Interpretation : 

The above table revels the response about wrapper design is important in packaging ,highest 

of 16 respondents with 21% strongly agree , 15 of the respondents with 20% are neutral in 

their opinion and 4 of the respondents wit 5% strongly disagree. 
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Design Frequency Percentage 

Strongly agree 16 21% 

Agree 33 44% 

Normal 15 20% 

Disagree 7 9% 

Strongly disagree 4 5% 

Total 75 100% 
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Table-4.14:Color of packaging matters you in purchase of product ? 

 

Source: Primary Data 

 

 

 

 

Interpretation: 

From the above table and graph ,  with highest response of  38 and 51% strongly agree that color of 

packaging matters for purchasing  a  product where as 3 of the respondents with 4% are normal in 

their opinion and 2 respondents with 3% strongly disagree. 

color Frequency Percentage 

Strongly agree 38 51% 

Agree 26 35% 

Normal 6 8% 

Disagree 3 4% 

Strongly disagree 2 3% 

Total 75 100% 
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Table-4.15:Do you read printed information on the packaging of product 

 

Printed information Frequency Percentage 

Strongly agree 10 13% 

Agree 30 40% 

Normal 28 37% 

Disagree 6 8% 

Strongly disagree 1 1% 

Total 75 100% 
 

 

 Source: Primary data  

   

   

 

                         Interpretation : 

 

                       The table and graph above , helps to know that respondents read the printed information on the 

                       product packed where 10 respondents strongly agree , highest of 30 respondents with 40%  agree   

                       and 1 respondent with 1% strongly agree 
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Source: Primary data 

 

 

 

Interpretation: 

The above table analyze the respondents views on evaluating the printed information while 

purchasing , highest of 24 respondents with 32% agree ,with 22 respondents are netural and 2 

respondents with 3% strongly disagree . 
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               Table-4.16: Do you evaluate product according to printed information while purchasing  

  

 

Evaluate information Frequency Percentage 

Strongly agree 19 25% 

Agree 24 32% 

Normal 22 29% 

Disagree 8 11% 

Strongly disagree 2 3% 

Total 75 100% 
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Table-4.17:If  you don’t get your brand in a shop then will you ? 

 

Brand Frequency Percentage 

Go to another shop 22 29% 

Try the same type of brand 44 59% 

Try another brand 9 12% 

Total 75 100% 

Source: Primary data 

 

 

 

 

 

 

Interpretation 

In the above table the highest of 44 response with 59% tend to try the same type of brand , 

where as 22 respondents with 29% go to another shop and other 9 respondents with 12% try 

another brand when they don’t get a specific brand, 
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Table-4.18: Do you prefer packaging with better handling and transportation ? 

 

 

Source: Primary data 

 

Handling & Transportation Frequency Percentage 

Strongly agree 44 59% 

Agree 21 28% 

Normal 4 5% 

Disagree 3 4% 

Strongly disagree 3 4% 

Total 75 100% 
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Interpretation: 

From the above data , highest response of 44 with 59% strongly agree , where  21 respondents  

with 28% agree, 4 of the respondents with 5% are normal in their response and 3 respondents 

 with 4% strongly disagree for preferring packaging with better handling and transportation. . 
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Table-4.19:Innovation is important in packaging 

 

 

 

 

Innovation Frequency Percentage 

Strongly agree 44 59% 

Agree 19 25% 

Normal 9 12% 

Disagree 2 3% 

Strongly disagree 1 1% 

Total 75 100% 

  

  

 

 

  

Interpretation: 

The above data helps to analyze the respondents views on importance of packaging in innovation 

and 44 of the response with 59% strongly agree , where 9 respondents with 12% agree , 2 

respondents with 3% disagree and 1 respondent strongly disagree.  
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Table-4.20:The innovative package can change your decision while purchasing 

 

Innovative packaging Frequency Percentage 

Strongly agree 13 17% 

Agree 22 29% 

Normal 33 44% 

Disagree 4 5% 

Strongly disagree 3 4% 

Total 75 100% 

Source : Primary data 
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Interpretation: 

From the above table ,the respondents with highest of 22 response with 29% agree , where 13  

response with 17% strongly agree , 4 respondents with 5% disagree and 3 respondents with  

4% strongly disagree for analyzing the innovative packaging can change decision while  

purchasing a product.  
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The table showing mean of responses given by the respondents 

   

 

Q.No Questions Mean 

1 Gender of the respondents 1.60 

2 Age of the respondents 2.21 

3 Occupation of the respondents 2.85 

4 Monthly income 2.51 

5 Family size 2.44 

6 How often do you buy bath soaps 2.19 

7 Do you use a specific soap brand 1.39 

8 Which category of soap do you generally use 1.71 

9 What is your brand preference 3.08 

10 What is your preferred packet size you purchase 2.63 

11 Packaging is attractive 1.80 

12 The quality of packaging can save product better 2.04 

13 Wrapper design is important in packaging 2.33 

14 Color of packaging matters you in purchase of product 1.73 

15 
Do you read printed information on the packaging of 

product 
2.44 

16 
Do you evaluate product according to printed information 

while purchasing 
2.33 

17 If you do not get your brand in a shop then will you 1.83 

18 
Do you prefer packaging with better handling and 

transportation 
1.67 

19 Innovation is important in packaging 1.63 

20 
The innovative package can change your decision while 

purchasing 
2.49 
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Findings 

 

➢ Females purchase more bath soaps of HUL  than  males. 

➢ The age group 25-35 years prefers  bath  soaps more. 

➢ The majority of the respondents are self employed 

➢ Most of the monthly income  of  the respondents ranges from  10000-20000 

➢ The purchase of soaps is more in the family size of  4-5 

➢ Purchase of soaps are mostly done once in  a month 

➢ The respondents also tend to use a specific brand for longer period. 

➢ Economic category of  soap is used more by the respondents 

➢ The brand preference of  HUL by respondents include Lifebuoy and Dove 

➢ The respondents also tend to buy more of 125gms of  soaps. 

➢ The attractiveness and quality of packaging are strongly agreed by the respondents. 

➢ Color and wrapper design also consider  more in packaging of bath soaps. 

➢ Few agreed that they read printed  information and  evaluate with the product 

packaging while purchasing 

➢ When the specific /same brand is not available , respondents try other products of 

same brand 

➢ Respondents strongly agree and prefer for better handling and transportation. 

➢ Innovation is important is packaging are agreed by the respondents and  in which 

innovation in packaging changes the decision while purchasing. 
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Suggestions 

 

➢ Male customers are almost nearer to the percentage of female customers, Therefore 

attract male customers too. 

➢ A Younger generation will try different kinds of soap available and so if attractive 

Packaging is designed with variant in products may amplify sales volume. 

➢ Prefer the bath soap  which contain clear information of ingredients, usage and 

benefits on its packaging label. 

➢ Attractive colors of packaging leads to impulse buying behavior, hence maintaining 

eye-catching colors may boost up sales. 
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Conclusion 

 

Customers exhibit muddled search when they enter into supermarket. At this situation 

we  can consider from the results, packaging as one of the elements that can cause impulse 

buying.  Customers first come in contact with packaging then with product, so first 

impression should create best impression among customers. The results derived from the 

analysis disclose that packaging is not only important for protecting the product which is 

enclosed in it; it should also communicate each and every aspect of information related to 

product, customers viewed that they look for information, material, colors on packaging 

when they go for purchasing cosmetic products without any prior plan. Therefore marketers 

should concentrate on above three aspects in the context of packaging and its design, when 

they make bath soaps available to customers in their  Agency  or any retail store. 
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Questionnaire 

 

Dear Sir/Madam 

Myself C.V . Jayakavi , studying MBA Final Year in  G.Pullaiah College of Engineering and 

Technology , Kurnool. I am doing a Project Work on “A STUDY ON EFFECTIVENESS  

OF PACKAGING ON BATH SOAPS OF HUL WITH REFERENCE TO AYYAPPA 

AGENCIES KURNOOL”. I  request you to support by taking  valuable time and filling up 

this questionnaire. 

1.Name:__________________ 

2.Gender: 

a)Male    b)Female 

3.Age Group: 

a)15 – 25       b)25 – 35   c)35 - 45   d) Above 45 

4.Occupation: 

a)Employed   b)Self employed   c)Professional 

d)Student    e)Other 

5.Monthly income: 

a)upto 10000   b)10000-20000  c)20000-40000  d) above 

40000 

6.Family size : 

a)1   b)2-3   c)4-5   d)above 5 

7.How often do you buy bath soaps? 

a)Once in 15days    b)Once in a month    c)Once in 2 month 

8.Do you use a specific soap brand? 
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a)Yes       b)No 

9.which category of soap do you generally use? 

a)Economic     b)Premium     c)Popular 

10.What is your brand preference? 

a)Lux     b)Lifebuoy     c)Pears     d)Dove 

e)Hamam     f)Rexona 

11.What is your preferred packet size you purchase ? 

a)75gm     b)100gm     c)125gm     d)Others 

12.Packaging is attractive? 

a)Strongly agree    b)Agree    c)Normal 

d)Disagree     e)Strongly disagree 

13.The quality of packaging can save product better? 

a)Strongly agree    b)Agree    c)Normal 

d)Disagree      e)Strongly disagree 

14.Wrapper design is important in packaging? 

a)Strongly agree    b)Agree    c)Normal 

d)Disagree       e)Strongly disagree 

15.Color of packaging matters you in purchase of product ? 

a)Strongly agree    b)Agree     c)Normal 

d)Disagree       e)Strongly disagree 

16.Do you read printed information on the packaging of product? 

a)Strongly agree      b)Agree    c)Normal 

d)Disagree       e)Strongly disagree 
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17.Do you evaluate product according to printed information while purchasing? 

a)Strongly agree    b)Agree    c)Normal 

d)Disagree     e)Strongly disagree 

18. If you do not get your brand in a shop then will you ? 

a)Go to another shop    b)Try the same type of brand 

c)Try  another brand 

19.Do you prefer packaging with better handling and transportation? 

a)Strongly agree    b)Agree    c)Normal 

d)Disagree      e)Strongly disagree 

20.Innovation is important in packaging 

a)Strongly agree     b)Agree    c)Normal 

d)Disagree        e)Strongly disagree 

21.The innovative package can change your decision while purchasing ? 

a)Strongly agree   b)Agree    c)Normal 

d)Disagree    e)Strongly disagree 
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ABSTRACT  

Capital structure is most significant discipline of company’s operations. The study 

constitutes an attempt to identify the relationship between capital structure and 

firm’s financial performance, taking into consideration the level of company’s 

financial performance. This study investigates the relationship of capital structure 

and financial performance of IT companies from 2017 to 2021.  The study uses 

three performance measures including assets & liabilities and income & expanses. 

The capital structure measures including equity share capital and reserves & 

surplus as independent variable. Size is a control variable. The result shows the 

relationship between the capital structure and financial performance is having a 

negative association. It reflects the insignificant level of the business companies 

in India. Hence business companies mostly depend on the Debt capital. Therefore, 

they have to pay interest expenses much. The capital structure choice is an 

important decision for a firm. It is important not only from a return maximization 

point of view, but also this decision has a great impact on a firm’s ability to 

successfully operate in a competitive environment. 
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 INTRODUCTION 

The term capital structure refers to the relationship between the various long-term 

sources financing such as equity capital, preference share capital and debt capital. 

Deciding the suitable capital structure is the important decision of the financial 

management because it is closely related to the value of the firm. It also refers to the 

way a corporation finances its assets through some combination of equity, debt, or 

hybrid securities. A firm’s capital structure is the composition or ‘structure’ of its 

liabilities. 

For example, a firm that sells 20 billion dollars in equity and 80 billion dollars in 

debt is said to be 20% equity-financed and 80% debt-financed. The firm’s ratio of 

debt to total financing, 80% in this example, is referred to as the firm’s leverage, but 

capital structure may be highly complex and include dozens of sources. Gearing 

Ratio is the proportion of the capital employed by the firm which comes from outside 

of the business, such as by taking a short-term loan. 

In theory, capital Structure does not alter the value of a firm, so there is an incentive 

to use more debt and deduct interest expense to achieve tax savings. 

In reality, there is financial risk in taking on too much debt, so each company must 

find a balanced structure. 

KEY TERMS 

WHAT IS EQUITY? 

Equity is the amount of capital invested or owned by the owner of a company. The 

equity is evaluated by the difference between liabilities and assets recorded on the 

balance sheet of a company. The worthiness of equity is based on the present share 

price or a value regulated by the valuation professionals or investors. This account 

is also known as owners or stockholders or shareholders equity. 

The interest rate of equity is are low and also it does not need to be paid back if 

earnings decline. It represents a claim on the future earnings of the company as a 

part owner.  
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CALCULATION OF EQUITY: 

EQUITY FORMULA:       

Equity = Assets – Liabilities 

 

The total equity of a business is derived by outstanding its liabilities from its assets. 

The information for this calculation can be found on a company’s balance sheet. 

The asset line of items to be aggregated for the calculation are included cash, 

marketable securities, account receivables, prepaid expenses, inventory, fixed 

assets Good will etc. 

The liabilities to be aggregated for the calculation are included account payable, 

assured liabilities, short term notes, unearned revenue, long term debt, other 

liabilities. 
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WHAT IS CAPITAL STRUCTURE?  

The capital structure is how a firm finances its overall operations and growth by 

using different sources of funds. Debt comes in the form of bond issues or long- 

term notes payable, while equity is classified as common stock, preferred stock or 

retained earnings. 

Capital structure is the proportion of all types of capital viz. equity, debt, preference 

etc. It is synonymously used as financial leverage or financing mix. Capital 

structure is also referred as the degree of debts in the financing or capital of a 

business firm. 

Financial leverage is the extent to which a business firm employs borrowed money 

or debts. In financial management, it is a significant term and an important decision 

in a business. In the capital structure of a company, broadly, there are mainly two 

types of capital i.e. Equity and Debt. Out of the two, Debt is considered a cheaper 

source of finance because the interest payments are a tax-deductible expense. 

Capital structure or financial leverage deals with a very important financial 

management question. The question is- “What should be the ratio of debt and 

equity?” Before scratching our minds to find the answer to this question, we should 

know the objective of doing all this. In the financial management context, the 

objective of financial decision is to maximize the shareholder’s wealth or increase 

the value of the firm. The other question which hits the mind at the first place is 

whether a change in the financing mix would have any impact on the value of the 

firm or not. 

One thing is sure that wherever and whatever way one sources the finance from, it 

cannot change the operating income levels. Financial leverage can, at the max, have 

an impact on the net income or the EPS (earning per share). The reason is explained 

further. Changing the financing mix means changing the level of debts and change 

in the levels of debt can impact the interest payable by that firm. Decrease in interest 

would increase the net income and thereby EPS and it is a general belief that the 

increase in EPS leads to increase in the value of the firm. 
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Apparently, under this view, financial leverage is a useful tool to increase value but, 

at the same time nothing comes without a cost. Financial leverage increases the risk 

of bankruptcy. It is because higher the level of debt, higher would be the fixed 

obligation to honor the interest payments to the debt’s providers. 

The capital structure is the particular combination of debt and equity used by a 

company to finance its overall operations and growth. ... Debt comes in the form of 

bond issues or loans, while equity may come in the form of common stock, 

preferred stock, or retained earnings. 

Modigliani and Miller created a theory of Capital Structure in a perfect market. 

There are several qualifications for a “perfect market”. Those are shown below: 

1. No transaction or bankruptcy cost 

2. Perfect information 

3. Firms and individuals can borrow at the same interest rate 

4. No taxes 

5. Investment decisions are not affected by financing decision. 

MODIGLIANI AND MILLER MADE TWO FINDINGS UNDER 

THESE CONDITIONS: 

1. 1)The value of a company is independent of its capital structure 

2. 2)The cost of equity for a leveraged firm is equal to the cost of equity for an 

unleveraged firm, plus an added premium for financial risk 

3. 3)This means, as leverage increases, while the burden of individual risks is 

shifted between different investor classes, total risk is conserved and hence 

no extra value created. 

If capital structure is irrelevant in a perfect market, then imperfections which exist 

in the real world must be the cause of its relevance. The theories below try to 

address some of these imperfections, by relaxing assumptions made in the M&M 

model. 

Their analysis was extended to include the effect of taxes and risky debt. Under a 

classical tax system, the tax deductibility of interest makes debt financing valuable; 
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the cost of capital decreases as the proportion of debt in the capital structure 

increases. The optimal structure, then would be to have virtually no equity at all. 

DEFINITION: 

Capital structure is defined as " the composition of the capital employed by the firm 

from various sources of finance. It comprises of both owner’s capital (i.e., equity 

capital and preferred capital) and debt capital." 

The capital structure of the firm represents its investment and financing strategy. 

The capital structure is also defined as “a combination of debt and equity used by a 

company to finance its overall operations and growth."  

Whereas, Debt comes in the form of bond issues or loans, while Equity may come 

in the form of common stock, preferred stock, or retained earnings. 

CAPITAL STRUCTURE DETERMINANTS: 

While deciding the ideal capital structure for the firm, the ultimate aim of the firm, 

i.e., maximization of shareholders worth, is always given priority. Further, the 

firm’s financial requirement and the cost of capital are the two factors which are 

helpful in determining the source and amount of capital to be raised. 

1)CAPITAL STRUCTURE DECISION: 

The decision concerning the form of financing to be utilized, the amount to be raised 

and the proportion in which they are to be raised in the overall capitalization, is 

termed as Capital Structure Decision. These decisions are very important as they 

influence the shareholder’s returns. 

2)OPTIMAL CAPITAL STRUCTURE: 

The choice of the blend of these forms of financing is known as Capital Structure 

Mix. The optimal capital structure is the one that has the right and balanced mix of 

debt and equity. It is based on: 

A best debt-equity mix is the one that uses leverage to the maximum extent possible 

while the risk of loss of control, is at its minimum. The mix should be flexible 
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enough to adjust according to future financial needs. The capital structure must be 

so simple to manage and easily understandable to the interested parties. 

In addition to this, the firm should employ debt to such a level that does not harm 

the firm’s solvency. Hence, it should be borrowed as per the firm’s potential to pay. 

SIGNIFICANCE OF FIRM'S CAPITAL STRUCTURE: 

There are a number of alternatives available to the firm, for raising funds from 

various sources in varying proportions. The capital structure can include: 

a) When the company is already existing, it can use preference capital only or 

b) When the company is already existing, it can employ debt capital only, or 

c) A mix of equity and debt capital in varying proportion, or 

d) A mix of preference and debt capital in varying proportion, if the company       

already exists, or 

e) A mix of equity, preference and debt capital in varying proportion.
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FACTORS DETERMINING CAPITAL STRUCTURE: 

1. TRAINING AND EQUITY: 

The word equity denotes the ownership of the company trading on equity means 

taking advantage of equity share capital to borrowed funds on reasonable basis. It 

refers to additional profits that equity shareholders earn because of issuance of 

debentures and preference shares. It is based on the thought that if the rate of 

dividend on preference capital and the rate of interest on borrowed capital is lower 

than the general rate of company’s earnings, equity shareholders are at advantage 

which means a company should go for a judicious blend of preference shares, equity 

shares as well as debentures. Trading on equity becomes more important when 

expectations of shareholders are high. 

2. DEGREE OF CONTROL: 

In a company, it is the directors who are so called elected representatives of equity 

shareholders. These members have got maximum voting rights in a concern as 

compare to performance shareholders have reasonably fewer voting rights while 

debentures holders have no voting rights. If the policies are such that they want to 

retain their voting rights in their hands, the capital structure consists of debenture 

holders and loans rather than equity share. 

3. FLEXIBILITY OF FINANCIAL PLAN: 

In an enterprise, the capital structure should be such that there is both contractions 

as well as relaxation plans. Debentures and loans can be refunded back as the time 

requires while equity capital cannot be refunded at any point which provides 

rigidity to plans. Therefore, in order to make the capital structure possible, the 

company should go for issue of debentures and other loans. 

4. CAPITAL MARKET CONDITION: 

In the lifetime of the company, the market price of the shares has got an important 

influence. During the depression period, the company’s capital structure generally 

consists of debentures and loans while in period of boons and inflation, the 

company’s capital should consist of share capital generally equity shares. 
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5. CHOICE OF INVESTORS: 

The company policy generally is to have different categories of investors for 

securities. Therefore, a capital structure should give enough choice to all kind of 

investors to invest. Bold and adventurous investors generally go for equity shares 

and loans and debentures are generally raised keeping into mind conscious 

investors. 

6. PERIOD OF FINANCE: 

When company wants to raise finance for short period, it goes for loans from banks 

and other institutions; for long period it goes for issue of share and debentures. 

7. COST OF FINANCING: 

In a capital structure, the company has to look to the factor of cost when securities 

are raised. It is seen that debenture at the time of profit earning of company prove 

to be a cheaper source of finance as company to equity shareholders demand an 

extra share in    profits. 

8. STABILITY OF SALES: 

An established business which has a growing market and high sales turnover, the 

company is in position to meet fixed commitments. Interest on debentures has to be 

paid regardless of profit. Therefore, when sales are high, thereby the profits are high 

and company is in better position to meet such fixed commitments like interest on 

debentures and dividends on preference shares. If company is having unstable sales, 

then the company is not in position to meet fixed obligations. So, equity capital 

proves to be safe in such cases. 

9. SIZES OF A COMPANY: 

Small size business firm’s capital structure generally consists of loans from banks 

and retained profits. While on the other hand, big companies having goodwill, 

stability and an established profit can easily go for issuance of shares and 

debentures as well as loans and borrowings from financial institutions. The bigger 

the size, the wider is total capitalization.
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CAPITALSTRUCTURE THEORIES: 

The capital structure theories have evolved from capital structure literature: 

1. MODIGLIANI AND MILLER(MM) THEORY (1958,1963): 

In Modigliani and miller provided the seminal in capital structure under certain 

assumptions include no taxes, homogenous expectations, perfect capital markets, 

and no transaction costs. This theory which called “capital structure irrelevance” 

States that the relationship between capital structure and cost of capital is irrelevant, 

that mean the increases in debt does not effect on cost of capital. In a result, the 

investor’s expectations of future benefits are totally affected on firm value and cost 

of capital. 

Latterly, Modigliani and miller introduce new evidence that cost of capital effect 

on capital structure, and thus effect on firm value with taking taxes as assumptions 

into considerations, which refer that borrowing give tax advantage, because the 

interest will deduct from the tax which result what is known as tax shields, which 

in turn reduce the cost of debt and then maximize the firm performance. 

2. PEAKING ORDER THEORY: 

Peaking order theory is the result of asymmetric information. The peaking order 

model does not discuss the optimal capital structure as significant point, but states 

that firms have two main sources to fund its financial needs which are internal and 

external finance; the theory claims that firms prefer to use firstly internal finance 

such as excess liquid assets are retained earnings then external finance. It internal 

financing is not enough to fund investment projects, firms may or may not obtain 

external financing, and if they do. 

 In order to minimize additional costs of asymmetric information, the managers 

head for choosing between the different sources of external finance, firms prefer to 

use debt leverage firstly, secondly issuance of preferred stock and finally issuance 

of common stock. 
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3. TRADE–OFF THEORY: 

Trade off theory is an extension of the MM theory developed by miller. The theory 

proposes that the firm’s optimal capital structure include the tradeoff among the 

influences of firms and personal taxes, agency costs and bankruptcy costs, etc. 

Trade off theory expect that corporations choose levels of debt in order to achieve 

a balance among the benefits from the interest tax shield with the costs related to 

future financial distress or with current financial in flexibility. 

4. THE AGENCY THEORY: 

Agency cost theory which provided by Jensen and Mackling is discussing the 

conflict of interest between principals (shareholders) and decision makers (agents) 

of firms (managers, board members, etc.), this conflict stems from the differences 

in behavior are decisions by point out that the parties (agents and shareholders) 

often have different goals, and different tolerances toward risk. In this case, the 

managers whom are responsible of guiding the firm toward to achieve them 

personal goals rather than maximizing benefits to the shareholders. Hence, the may 

conflict shareholders face is to ensure that managers (agents) do not invest the free 

cash flowing unprofitable projects. In another hand, increasing the debt-to-equity 

ratio would assist firms to make sure that managers are sunning the firm more 

efficiently. 

5. BANKRUPTCY COST THEORY: 

Bankruptcy costs are the cost directly incurred when the perceived probability that 

the firm will default on financing is greater than zero. The bankruptcy probability 

increases with debt level since it increases the fear that the company might not be 

able to generate profits to pay back the interest and the loans. The potential cost of 

bankruptcy may be both direct and indirect. Examples of direct bankruptcy costs 

are the legal and administrative costs in the bankruptcy process.  

 The use of debt in capital structure of the firm also leads to agency costs. Agency 

costs arise as a result of the relationship between shareholders and managers and 

those between debt-holders and shareholders (Jensen and Mackling, 1976) the need 

to balance gains and costs of debt financing emerged as a theory known as the static 

trade off theory by Myers (1984). It values the company as the value of the firm if 
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unlevered plus the present value of the tax shield minus the present the firm because 

firms which have higher operating risk would be exposed to higher bankruptcy 

costs, making cost of debt financing greater for higher risk firms. Research has 

found that high growth. 

IMPORTANCE OF CAPITAL STRUCTURE: 

Decisions relating to financing the assets of a firm are very crucial in every business 

and the finance manager is often caught in the dilemma of what the optimum 

proportion of debt and equity should be as a general rule there should be a proper 

mix of debt and equity capital in the financing the firm’s assets. Capital structure is 

usually designed to serve the interest of the equity shareholders. 

Therefore, instead of collecting the entire fund from shareholders a portion of long-

term fund may be raised as loan in the form of debenture or bond by paying a fixed 

annual charge. Though these payments are considered as expenses to an entity, such 

method of financing is adopted to serve the interest of the ordinary shareholders in 

a better way. 

1. VALUE MAXIMIZATION: 

Capital structure maximizes the market value of a firm, i.e., in a firm having a 

properly designed capital structure the aggregate value of the claims and owner ship 

interests of the shareholders are maximized. 

2. COST MAXIMIZATION: 

Capital structure minimizes the firm’s cost of capital or cost of financing. By 

determining a proper mix of fund sources, affirm can keep the overall cost of capital 

to the lowest. 

3. INCREASE IN SHARE PRICE: 

Capital structure maximizes the company’s market price of share by increasing 

earnings per share of the ordinary shareholders. It also increases dividend receipt 

of the shareholders. 
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4. INVESTMENT OPPORTUNITY: 

Capital structure increases the ability of the company to find new wealth creating 

investment opportunities. With proper capital gearing it also increases the 

confidence of suppliers of the debt. 

5. GROWTH OF THE COUNTRY: 

Capital structure increases the country rate of investment and growth by increasing 

the firm’s opportunity to engage in future wealth-creating investments. 

WHAT IS FINANCIAL PERFORMANCE? 

Financial performance is a subjective measure of how well a firm can use assets 

from its primary mode of business and generate revenues. The term is also used as 

a general measure of a firm's overall financial health over a given period. 

Analysts and investors use financial performance to compare similar firms across 

the same industry or to compare industries or sectors in aggregate. 

UNDERSTANDING FINANCIAL PERFORMANCE: 

Financial performance in broader sense refers to the degree to which financial 

objectives being or has been accomplished and is an important aspect of finance 

risk management. It is the process of measuring the results of firm’s policies and 

operations in monetary terms. It is used to measure firms overall financial health 

over a given period of time and can also be used to compare similar firms across 

the same industry or to compare industries or sectors in aggregation. 

Firms and interested groups such as managers, shareholders, creditors, and tax 

authorities look to answer important questions like: 

• What is the financial position of the firm at a given point of time? 

• How is the financial performance of the firm over a given period of time? 

These questions can be answered with the help of a financial analysis of a firm. 

Financial analysis involves the use of financial statements. A financial statement is 

a collection of data that is organized according to logical and consistent accounting 

procedures. Its purpose is to convey n understanding of some financial aspects of a 
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business firm. It may show a position of a period of time as in the case of a balance 

sheet, or may reveal a series of activities over a given period of time, as in the case 

of an income statement. Thus, the term financial statements generally refers to two 

basic statements. 

THE BALANCE SHEET AND THE INCOME STATEMENT: 

The balance sheet shows the financial position (condition) of a firm at a given point 

of time. It provides a snapshot that may be regarded as a static picture. Balance 

sheet is a summary of a firm’s financial position on a given date that shows 

TOTAL ASSETS = TOTAL LIABILITIES+ OWNERS EQUITY 

The income statement (referred to in INDIA as the profit and loss statement) reflects 

the performance of the firm over a period of time. “Income statement is a summary 

of a firm’s business revenues and expenses over a specified period, ending with net 

income or loss for the period”. 

However, the financial statements do not reveal all the information related to the 

financial operations of a firm, but they furnish some extremely useful information, 

which highlights two important factors profitability and financial soundness. 

“Financial performance is a subjective measure of how well a firm can use assets 

from its primary mode of business and generate revenues. This term is also used as 

a general measure of a firm’s overall financial health over a given period of time, 

and can be used to compare similar firms across the same industry or to compare 

industries or sectors in aggregation.” 

1. BALANCE SHEET: 

The balance sheet is a snapshot of the financial balances of an organization. It 

provides an overview of how well the company manages its assets and liabilities. 

Analysts can find information about long-term vs. short-term debt on the balance 

sheet. They can also find information about what kind of assets the company owns 

and what percentage of assets are financed with liabilities vs. stockholders' equity. 
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2. INCOME STATEMENT: 

The income statement provides a summary of operations for the entire year. The 

income statement starts with sales or revenues and ends with net income. Also 

referred to as the profit and loss statement, the income statement provides the gross 

profit margin, the cost of goods sold, operating profit margin, and net profit margin. 

It also provides an overview of the number of shares outstanding, as well as a 

comparison against performance the prior year. 

KEY TAKEAWAYS: 

• Often, the financial statements (e.g., balance sheet, income statement, and 

statement of cash flows) of a company are used to measure the financial 

performance of a firm. 

• No single measure should be used to define the financial performance of a 

firm. 

 

3. CASH FLOW STATEMENT: 

The cash flow statement is a combination of both the income statement and the 

balance sheet. For some analysts, the cash flow statement is the most important 

financial statement because it provides a reconciliation between net income and 

cash flow. This is where analysts see how much the company spent on stock 

repurchases, dividends, and capital expenditure. It also provides the source and uses 

of cash flow from operations, investing, and financing.
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FACTORS INFLUECING THE FIRM FINANCIAL 

PERFORMANCE: 

A comprehensive examination of the literature on financial and non-financial 

determinants of financial performance of an organization was employed to 

construct the research model provided in the figure above, which is elaborated 

below to represent organizational factors influencing firm performance. The 

choices of the organizational factors discussed below are of the researcher’s 

judgment that they are more appropriate and can be easily quantified in assessing 

the performance of financial firms. 

1. ASSET UTILIZATION: 

 

1. Asset utilization as an organizational factor to determine the financial 

performance of the company is based on the clarification of assets that are 

crucial to the production or service processes necessary to drive the 

financial performance (Bela nova, 2016).  

 

2. The consideration of asset utilization is significant towards identifying and 

measuring the capability and different functions of these assets owned by 

the company in ensuring that attainment of financial returns (Ellis, 1998). 

When assets are not effectively and efficiently utilized it leads to poor 

financial performance such as losses in the accumulation of revenue from 

investments. 

 

3. According to Fleming, Heaney and Mc Cosker (2005) posited that agency 

costs are highly to increase when assets are inefficiently and ineffectively 

utilized which is an indication of management not promoting the interests 

of the business owners.  

 

4. A study done by Okawa (2012) on fixed assets investment and its relation 

to the profitability of the company indicates a positive relationship between 

the two variables. While Xu and Xu (2013), based their research on testing 

he significance of achieving business performance from the optimal 
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allocation of the assets structure and the statistical testing showed a 

significant correlation. 

 

5. Moreover, studies conducted by other various researches have confirmed 

and affirmed the significant effect of efficient and effective utilization of a 

company (e.g., Wu et al., 2010; Jose et al., 2011). Based on the review 

above, the following can be tested. 

 

2. FIRM SIZE: 

1. The literature in the field proposes different results regarding the 

influence of so-called “size effect.” The research conducted by Prevan 

(2012) found the negative relationship between the size of the firm and 

financial profitability. It is stated that due to the presence of high market 

power, firms can charge higher prices for their products and services in 

the market.  

 

2. Moreover, high profitability of the firm can be the result of the 

economies of scale of good negotiating power of the firm with the 

suppliers. Moreover, numerous scholars studied the link between the 

size of the firm and the financial returns arising from it, e.g.an empirical 

study conducted by Vijaya Kumar and Tamizhselvan (2010) 

significantly proved that there is a positive link between the size of the 

firm and financial performance.  

 

3. The study focused on the profitability aspect of the financial 

performance and found that big business firms have resources and 

capability to make a profit for the long term compared to the capabilities 

of small firms that are more of short to medium terms in effectuating 

profitability.  

 

4. The quantitative results and analysis study conducted on 3035 Greek 

manufacturing business firms by Papadognas (2007) revealed that the 

size classes of business firms positively and somewhat professionally 
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linked to the firm’s profitability. Lee (2009) also examined the source 

of firm’s profitability and the analysis revealed that one of the strategic 

sources of profitability was the size of the business firm, which 

positively influenced and place an important role in the opening streams 

of cash inflows and performance in general. Most of the manufacturing 

industries; however, there are similarities between manufacturing firms 

and that in the service industry. 

 

3. LIQUIDITY: 

 

1. The current ratio is the common measure of liquidity. Liquidity is an 

important factor for the company in the capability of meeting the debt 

obligations by using the available cash and current assets that can be the 

current ratio is measured by the current assets to current liabilities, which 

is recommended to be two is to one (2:1). The ratio of 2:1 shows the ability 

of the company to convert its assets into cash that can form part of the 

working capital. This working capital is a critical means towards attaining 

financial performance for the company. 

 

2. The ability of the company to convert assets into cash is equivalent to its 

ability to manage the working capital which has to be kept to normal levels 

to avoid the company in becoming insolvent. The liquid assets are useful 

for the company in times when external streams of finance to the company 

are not accessible, or the cost of using external finance is more than 

restoring to liquid assets to finance its operational expenses and 

investments. Liargovas of holding higher liquidity as it served a 

contingency plan in dealing with the future uncertainties and kept as 

reserves that can be used in times of low earnings to settle short term 

obligations for the company. 

 

3. A comparative assessment of companies can be attained by using the 

different current assets and current liabilities towards financial 

performance (Louderback et al., 2000). The study done in Malaysian 

financial sector on 172 firms by Binti (2010) showed the relationship that 
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is negatively significant between liquid assets and the financial 

performance of the firm an empirical examination conducted by Eljely 

(2004) in Saudi Arabia using current ratio found the significant but 

negative relationship between liquidity and the financial performance of 

the firm measured by profitability on a sample of 29 service companies. 

 

4. LEVERAGE: 

 

1. Leverage is an important ratio measured by total liabilities to total assets, 

which the company makes use of debt in financing assets for the business 

pursuit of achieving favorable financial performance. Equity holders treat 

leverage as an alternative for claiming residual to boost their financial 

performance (Ranjan and Zingales, 1995). 

  

2. The study by Aquino (2010) covered firms that are listed and unlisted on 

the stock exchange in the Philippines and concluded by showing a positive 

relationship between the company’s high debt ratio and its growth rate 

profitability. 

 

3. Research conducted by Joshua (2005) on financial leverage revealed a 

positive return on equity through utilization of the ratio of total debt to 

total assets. An empirical study on the impact of financial leverage on the 

company’s investment decisions done by Aaivaziana et al (2005), found 

a negative correlation, in which Ahna et al (2006) add that the negative 

correlations between financial leverage and investment decisions are 

much strategic considering that they occur in less important sectors of 

the economy than when they occur in core strategic sectors.  

 

4. According to Youmatelo (2012), investment decisions have been found 

by scholars to be affected negatively by the patterns of financial leverage, 

and there is the indication of motivated to not invest in capital assets when 

the total debts to total assets are higher in companies.  
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THE RELATIONSHIP BETWEEN CAPITAL STRUCTURE 

AND FINANCIAL PERFORMANCE: 

• The separation of ownership and control in a professionally managed firm 

may result in managers exerting insufficient work effort, including in 

perquisites, choosing inputs or outputs that suit their own preferences, or 

otherwise failing to maximize firm value. In effect, the agency costs of 

outside ownership equal the lost value from professional managers 

maximizing their own utility, rather than value of the firm. Theory suggests 

that the choice of capital structure may help mitigate these agency costs. 

Under the agency cost hypothesis, high leverage or a low equity/asset ratio 

reduces the agency costs of outside equity and increases firm value by 

constraining or encouraging managers to act more in the interests of 

shareholders Jensen (1986). 

 

• Since the seminal paper by Jensen and Mackling (1976), a vast literature on 

such agency theoretic explanations of capital structure has developed (see 

Harris and Ravin 1991 and Myers 2001 for reviews). Greater financial 

leverage may affect managers and reduce agency costs through the threat of 

liquidation, which causes personal losses to managers of salaries, 

reputation, perquisites, etc. (e.g., Grossman and Hart 1982, Williams 1987), 

and through pressure to generate cash flow to pay interest expenses Jensen 

(1986). Higher leverage can mitigate conflicts between shareholders and 

managers concerning the choice of investment Myers (1977), the conditions 

under which the firm liquidated (Harris and Ravin 1990), and dividend 

policy Stultz (1990). 

 

• A testable prediction of this class of models is that increasing the leverage 

ratio should result in lower agency costs of outside equity ad improved firm 

performance, all else held equal. However, when leverage becomes 

relatively high, further increases generate significant agency costs of outside 

debt – including higher expected costs of bankruptcy or financial distress – 

arising from conflicts between bondholders and shareholders. Because it is 

difficult to distinguish empirically between the two sources of agency costs, 
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we follow the literature and allow the relationship between total agency 

costs and leverage to be no monotonic. Despite the importance of this 

theory, there is at best mixed empirical evidence in the extant literature 

(Harris and Ravin 1991), Titman 2000, and Myers 2001). 
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STATEMENT OFTHE PROBLEM 

• Nowadays, more and more companies tend to used different sources from 

equity or debts to finance its operations when they need to expand their firm 

size or reinvest to gain more profits. 

 

• However, the situations are more complicated in the real competition world 

than in the theory. Capital structure and the impact on the value and 

financial performance had been study for many years after MM theories 

have exist, researchers around the world still cannot agree on the extent of 

the impact. 

 

• Indeed, a well attribution of capital structure will lead to the success of 

firms. From the above, the problem can be formulated as the follow: What 

is the impact of capital structure on the firm's financial performance? 
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REVIEW OF LITERATUTRE 

• A study had been done by Abor (2005) on the influence of capital structure 

on profitability of listed companies on the Ghana Stock Exchange during a 

five-year period. He found out that there is significant positively interrelated 

between SDA and ROE and shows that firms which earn a lot use more 

short-term debt to finance their business. In other words, short-term debt is 

an essential source of financing in favor of Ghanaian companies, by 

representing 85 percent of total debt financing. Yet, the results showed the 

adverse relation between LDA and ROE. The regression output showed that 

there is positive relationship between DA and ROE which measure the 

relationship between total debt and profitability. This indicates that firms 

which earn lot are depending on debt as their key financing option. 

 

• Berger and Bon Accorsi (2006) had used profit efficiency as the 

performance measure. Manager’s performance was evaluated by using 

profit efficiency because profit efficiency counter for the effectiveness of 

manager to raise revenue and control cost and is close to the concept of 

value maximization. By measuring the profit efficiency, shareholder losses 

from agency costs are relatively close to the losses of potential accounting 

profits. The result shows that neither higher leverage nor lower equity 

Capital ratio are connected with higher profit efficiency for all range of data. 

 

• A study by Akintoye (2008) had been done on sensitivity of performance to 

capital structure on selected food and Beverage Company in Nigeria. The 

result shows that performance indicators to turnover (Earnings before 

Interest and Taxes, Earnings Per Share and Dividend Per Share) and the 

measures of leverage (Degree of Operating Leverage, Degree of Financial 

Leverage and Dividend Per Share) are significantly sensitive. There are 

many approaches in examining firm performance. 
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• A study done by B. Nimalathasan & Valeriu Barbate (2010) on capital 

structure and its impact on profitability of listed manufacturing companies 

in Sri Lanka. The result shows that Debt equity ratio is positively and 

strongly associated to all profitability ratios (Gross Profit, Operating Profit 

& Net Profit Ratios). 

 

• A study (Pratheepkanth, 2011) had been done on capital structure and 

financial performance of selected business companies in Colombo stock 

exchange Sri Lanka. The result shows that Debt equity ratio is negatively 

associated to financial performance. 

 

• Cekrezi (2013) examines several determinants of capital structure on firm’s 

choices of financial leverage. The paper used three capital structure 

measures; STDTA, LTDTA and TDTA as dependent variables and four 

dependent variables: tangibility, profitability (measured with ROA), size 

and liquidity. The investigation uses panel data procedure for a sample of 

65 non- listed firms, which operate in Albania, over the period 2008-2011. 

The results revealed a significant negative relation of ROA and a significant 

positive relation of size to all measures of leverage. 

 

• Goyal (2013) seeks to study the impact of capital structure on profitability 

of public sector banks in India listed on national stock exchange during 2008 

to 2012. Regression Analysis has been used for establishing relationship 

between ROE, ROA & EPS with capital structure. The findings reveal 

positive relationship of STDTA with profitability as measured by ROE, 

ROA & EPS. 

 

• Xiao Meng and Yong (2014) use annual asset-liability ratio and ROE, 

respectively, as a measure of capital structure and financial performance 

from 1995- 2009. All domestic listed companies in the real estate industry 

are used in empirical research. The empirical results show that the existence 

of a long-term stable relationship asset-liability ratio and ROE.
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OBJECTIVES OF THE STUDY 

 

• To study the concept of capital structure and financial 

performance. 

 

• To Maximize the value of the firm and minimizes the overall cost 

of capital. 

 

• To identify the impact of capital structure on financial 

performance of the firms. 

 

• To know the various components of capital structure of selected 

firms. 

 

• To examine the nature of relationship between capital structure 

and financial performance of the firm. 
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RESEARCH METHODOLOGY 

DATA COLLECTION: 

 

• Present study is based on Secondary data, data collected from the 

official website of selected IT companies. 

 

MEASUREMENT OF VARIABLES: 

 

• The capital structure is measured by using equity share capital, 

preference share capital, reserves and surplus and the financial 

performance is measured by using the assets & liabilities and 

incomes & expenditures etc. 

 

RESEARCH TYPE:  

        

•   Descriptive research will be used for the study on capital 

structure and firm financial performance of selected list of 

companies in Information Technology. 

 

TOOLS OF ANALYSIS: 

 

•  In this study mean was used to know average performance of the 

companies during the study period. 

 

SAMPLE SIZE: 

 

• 5 years of annual report of selected list of companies will be taken 

in order to conduct the study. 
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NEED AND SIGNIFICANCE OF THE STUDY 

• Difficulties arise in trying to establish the effect of change in 

capital structure and its impacts on performance of the firm. Its 

output will be significant to the management of quoted 

companies and they will be able to determine the effect of capital 

structures on the share value of their firms so that they can make 

prudent decisions regarding capital policies. 

 

• Investors who may need to know the relationship between the 

capital structure policy and performance of the firm for them to 

choose which firm to invest their funds and as result used to 

investment decisions. 

 

• The study will be of help to scholars and academicians who to use 

its findings as a basis for further research on this object. 
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LIMITATIONS OF THE STUDY 

• This theory talks about the relationship between capital structure 

and firm’s financial performance of select listed companies in 

Bombay stock exchange only, not to all companies. 

 

• This study relied on secondary data (reported accounting/financial 

statement) and therefore their liability and quality of the data used 

was not a hundred percent. 

 

• The researcher also had no control over the quantity and form of 

data for the study and this contributed to shortage of data. 

 

•  Some of the financial statements used by the researcher did not 

give enough information leaving the researcher to hunt for more 

facts; and financial/accounting statements are prone to errors and 

therefore their searcher had to be familiar with other empirical 

studies that have used similar data. 
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INDUSTRY PROFILE 

Communication has become essential to human beings; it could not be 

separated from the life of a human. Present technology of communication 

has come across several stages. Information technology (IT) is the recent 

development in communication, information technology has broadened 

the definition of communication. Information technology is the 

application of computers to store, study, retrieve, transmit, and 

manipulate data, or information, often in the context of a business or 

other enterprise. IT is considered a subset of information and 

communications technology (ICT). People also have more interest in 

information technology and it makes the works easy and cheaper. So, 

information technology industry is one of the fastest progressing 

industries in India. Indian information technology industry is one of the 

leading industries in the world. Many companies have entered into the 

industry, since it is profitable and progressing industry. This industry has 

included information technology and business processing management. 

Size of the industry in India is very big with $143 billion (it is `.9,48,560 

crore approx.) in terms of revenue. It also brings a considerable number 

of foreign currencies into the country through export. 

Apart from size of the business, the industry is one of the largest 

emplacements providing industries in India. It gives employment 

opportunities to millions of human resources in the country and outside 

the country. According to the reports of NASSCOM of 2016, the industry 

provided employment opportunities to 3.7 million people. The industry 

also has been given importance through the scheme announced by the 

Government of India called ‘Digital India’. 

The primary objective of the scheme by the Government of India is to 

transform India into a digitally empowered society and knowledge 

economy. This objective can be achieved only through information 

technology industry. It shows bright future for information technology 

industry in India. Thousands of business organizations are doing 
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business in information technology industry in various forms of 

organization. Among them joint stock companies are big in size than 

other type of business organizations. A total of 58 companies are 

constituted in the sectoral index of Bombay Stock Exchange (BSE) (BSE 

Information Technology). It included small, medium and large size 

information technology companies. As a progressing companies and key 

industry in India, it is important to study its performance. Good 

performing companies only will develop in future and it will help the 

management to increase profit, shareholders to get good dividend and 

increase in market price of share, the government to get income through 

tax, the economy by ways of getting employment, foreign currency and 

so on.  

Finance is the lifeblood of any business activity. No business activity can 

be undertaken without finance. In management there are various aspects 

such as marketing, production, human resource management, finance 

and so on. Among them financial management is the key aspect. A 

company which is managing its finance efficiently may have good 

operating efficiency. Hence the study of financial management is 

important. Hence, the researcher has made an attempt to analyze 

financial performance of selected information technology companies in 

India.  

 AN OVERVIEW OF INFORMATION TECHNOLOGY 

INDUSTRY: 

Revolution in Technology plays a phenomenal role in determining how 

we live our lives and redefining consumer experiences. Today 

technology innovations happen at an incredible pace with consumption 

and delivery platforms progressing steadily as consumers are turning to 

be more knowledgeable and demanding. In this rapidly changing world, 

innovations in technologies are leading to a creation of new services, 

products and breakthrough applications. In today’s world, organizations 
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will have to rapidly reengineer themselves and be more responsive to 

changing customers need. 

Information Technology, the term commonly used as a synonym for 

computers and computer networks also comprises other information 

distribution technologies such as telephones, televisions and internets. 

The4 term IT was coined by the Harvard Business Review in 1958, 

authors Harold J Leavitt and Thomas L Whistler commented that, ‘the 

new technology does not yet have a single established name. We call it 

information technology (IT)’. The term IT was coined in order to make 

a distinction between purpose-built machines designed to perform a 

limited scope of functions and general-purpose computing machines that 

could be programmed for various tasks. So, Information Technology 

includes several layers of physical equipment (hardware), virtualization 

and management or automation tools, operating systems and applications 

(software), databases, storage, servers and more telecommunications 

technologies, including internet and business phones used to perform 

essential functions. 

  HISTORY OF INDIAN INFORMATION 

TECHNOLOGY: 

Indian Information Technology is on a fast-track mode so as to compete 

with the IT sectors across the globe. Indian IT Industry has a great 

reputation and valuable brand equity in the global markets. The Indian 

IT Industry comprises of software Industry and Information Technology 

enabled services (ITES) which even includes business process 

outsourcing (BPO) industry. Indian IT Industry is considered as a pioneer 

in software development and a favorite destination for IT enabled 

services.  

The era of Indian IT Industry started in 1974, when the mainframe 

manufacturer Burroughs asked its India’s sales agent TCS to export 

programmers for 5 installing system software for its US client. But then 

the situation was bad as the Indian Government policies towards the 
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Private sectors were very hostile. However, eventually, in 1984, some 

strategic reforms were made and ‘IT ‘was considered as a Industry. The 

same year New Computer Policy (NCP) was introduced by Indian 

Government which slashed imports tariffs on hardware, software and 

software exports were recognized as de-licensed Industry- eligible for 

bank finances, free from the license-permit and to set up offshore units 

of foreign companies in India. 

IT Companies in India, such as TCS, Wipro, Infosys, HCL, now hold a 

good position in global market for their IT proficiency. Indian IT 

Industry’s development and contribution globally in the Information 

Technology sector in growing at a lightning speed. This is quite evident 

from the fact that metro cities like Bangalore, Mumbai, Delhi, Chennai 

and Hyderabad have become hotspots for the IT firms, since the cities 

cater to their needs of good infrastructure with good floor space and 

telecom facilities. 

INFORMATION TECHNOLOGY INVOLVES:  

1. DATA STORAGE:  

 

It is a key component of a successful business. You need 

to store all the files you're currently processing in accounts 

payable, expense reporting, and other departments somewhere 

you won't lose them. Written policies, budgeting records, and 

other frequently used files have to stay easily accessible. 

 

2.   DATA BASE: 

 

A database is an organized collection of structured information 

or data, typically stored electronically in a computer system. A 

database management system (DBMS), the data can then be 

easily accessed, modified, updated, controlled and organized. 
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3. DATA RETRIEVAL: 

 

 It deals with obtaining a data from the database management 

system such as ODBMS. It is a process of identifying and 

retrieving the data from the database, based on the query provided 

by user or application. retrieve information about a subject. Not 

always well structured and is semantically ambiguous 

 

4. DATA TRANSMISSION: 

 

 It refers to the process of transferring data between two or more 

digital devices. Data is transmitted from one device to another in 

analog or digital format. Basically, data transmission enables 

devices or components within devices to speak to each other. 

 

5. DATA MANIPULATION:  

 

Data manipulation allows you to update, modify, delete, and 

input data into a database. This means that you can 

leverage data to obtain in-depth insights and make better business 

decisions. 

 

 ADVANTAGES: 

 

1. ACCURATE AND SPEEDY PROCESSING OF 

INFORMATION: 

 

Whether it is government organizations, private business houses, 

institutions, or even individuals, Information Technology has 

multiplied their abilities to process all sorts of information 

accurately and with lightning-fast speed. The use of spreadsheets, 

database programs, word processors, and many other tools help 

in ease of work without compromising on reliability. A handful 
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of software engineers can now design economically viable 

systems that can serve millions of businesses all over the world. 

 

2. GLOBALIZATION: 

 

Information technology has removed the physical barriers 

between nations and connected them through their shared ideas 

and opportunities. The advent of social media has made 

interactions easy and the use of Facebook, Twitter, and all other 

social networking sites has drawn culturally different people to 

communicate with one another. People on the social media are 

now becoming ‘global’ citizens! 

 

3. EFFECTIVE COMMUNICATION: 

 

Information technology has definitely made communication 

cheaper, quicker and far more superior than ever before. Sending 

e-mails, video calling through Skype, sending text messages 

through various online apps allow people sitting miles away to 

connect with each other instantaneously. Businesses are reaping 

maximum benefit from this and employees distributed over a 

wide area can now remain connected through internal chat rooms 

or open-source applications. 

 

4. ENTERTAINMENT: 

 

The widespread use of internet on laptops, smartphones, iPods, 

and other devices has given us unlimited access to various 

entertainment platforms. Gone are the days when people had to 

wait for the Friday night show or special telecast on the 

television! You can now download and purchase music, movies, 

TV shows, and games easily and more conveniently. 
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5. COMMUNICATING NEWS: 

 

Wireless communication has revolutionized the ways in which 

we communicate news broadcast. And, whether it is latest 

updates from Ghana, or New York, it is all being effectively 

communicated with the rest of the world. Today, it takes less than 

a few seconds for a new story to propagate from one part of the 

world to the other. 

 

6. ADVANCEMENT OF ECONOMIES: 

 

Since information technology has made businesses more 

efficient, the overall buying and selling activities are no longer 

restricted by time and distances. Companies from different parts 

of the world can now interconnect with each other conveniently. 

Today, every local as well as international has its presence online 

and caters to a much larger audience beyond its borders. 

 

7. INFORMATION TECHNOLOGY AND THE HEALTH 

SECTOR: 

 

The use of information technology has helped in improved 

patient care all over. Patients using the internet can now 

communicate with expert physicians from their home via virtual 

healthcare application systems. Also, tele-medicines, electronic 

health records, and health grids have resulted in a greater impact 

on delivering efficient and quality health care to people across the 

globe. 

 

8. INFORMATION TECHNOLOGY AND EDUCATION: 

 

The application of information & communication technology in 

education has significantly changed the traditional process of 
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teaching and learning. Gone are the days of classrooms with 

blackboards. Today all educational institutions are imparting 

knowledge by using various modern gadgets. Students with 

access to the internet have a whole world of research material at 

their disposal, which helps them grasp concepts efficiently and 

without wasting any time. 

 

9. CREATION OF NEW JOBS: 

 

The rising demand of IT professionals across businesses is 

creating new opportunities every day. Several emerging 

economies all over the world are now setting new records by 

strengthening their competence in this field. A greater number of 

people are showing interest in jobs like computer programming, 

system analysis, testing, software and hardware development and 

web application design. 

 

10. REMOTE ACCESSIBILITY: 

Advancements in information technology systems provide access 

to your company’s electronic network from many other places 

other than the office itself. You can now work from home, or even 

from the road. This sure increases one’s productivity and work 

keep coming in even when one is not physically present in office. 

Mobility is now so commonplace that most people don’t even 

notice it! 

DISADVANTAGES: 

1. EXPENSIVE: 

 Setup costs for implementing an information technology system 

within a home or business can be very costly. Software can 

training can also take another big bite out of the budget. 

Information technology systems, just like any other equipment, 
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need to be maintained and repaired from time to time. But there 

are also updating and upgrading costs associated with IT systems. 

 

2. UNEMPLOYMENT: 

 

Implementing the information systems can save a great deal of 

time during the completion of tasks and some labor mechanic 

works. Most paperwork’s can be processed immediately, 

financial transactions are automatically calculated, etc. As 

technology improves, tasks that were formerly performed by 

human employees are now carried out by computer systems. 

 

3. DATA SECURITY: 

 

Digital technology means that vast amounts of data can be 

collected and stored. This can be private information concerning 

individuals or organizations. It can be very difficult to keep this 

data safe. Just a single breach can mean vast amounts of private 

information going into the hands of criminals, terrorists, business 

rivals, foreign adversaries, or other malign entities. 

 

4. JOB INSECURITY: 

 

It used to be that you had to be physically present at a workplace 

to do a job, but now many work tasks are performed remotely via 

the internet. That means a Third World worker in a low wage 

economy can undercut you and take your job. Increasingly, 

humans aren't needed at all for many tasks, as computers 

gradually replace them. Driving and delivery jobs, for instance, 

will disappear soon as vehicles become automated. 
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5. PRIVACY CONCERNS: 

It's become much harder to have personal privacy in the digital 

world and that's on top of the dangers of your personal data being 

stolen or sold. For instance, everybody has the ability to take 

photos and video footage on their mobile phone, then post it 

online. Employers can search for people online and maybe find 

unflattering photographs, or see them expressing controversial 

opinions in social media or blogs. Digital cameras watch and 

record our movements in public places. Minor indiscretions can 

now haunt an individual for life when they're posted on the 

internet. Controlling your personal information is very difficult 

and sometimes impossible. 
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COMPANY PROFILE 

The study has been undertaken to analyze financial performance of 

selected IT companies in India. For this purpose, top five companies 

were selected in terms of their size based on their sales for the year 2017 

to 2021. This portion of the chapter describes profile of the sample 

companies. 

INFOSYS PRIVATE LIMITED 

 Infosys is a global leader, an Indian Multinational Corporation in 

Information technology business, application services, systems 

integration, product engineering, custom software development, 

maintenance, re- engineering, independent testing, business process 

outsourcing, IT14 Infrastructure and validation services. The company 

was established in 1981 by seven engineers, Infosys is a NYSE listed 

global consulting and IT services company, which for a period of over 

30 years has catalyzed some of the major changes that led to India’s 

emergence as the global destination for software services talent.  

Infosys pioneered the Global Delivery Model (GDM), which emerged as 

a disruptive force in the industry leading to the rise of offshore 

outsourcing making it to be the first IT Company from India to be listed 

on NASDAQ. The Company changed its name to Infosys Technologies 

Pvt. Ltd in April 1992 and to Infosys Technologies Limited when it 

became a public Limited Company in June 1992. It was later renamed to 

“Infosys Limited” in June 2011. 

 Focus on quality has been an integral part of Infosys existence over the 

last 30 years. The quality seed that was sowed in 1983. The quality 

function of Infosys is pervasive across their services, units /enabler 

functions and geographies and place a pivotal role in managing 

organizational risk. Domain – specific certification standards 

implemented by Infosys include escm-sp level 5, As9100, ISO13485, 

ISO14001, OHSAS18001 and TL9000 and CMMi level5. 
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 Vision of the company is “To be a globally respected corporation that 

provides best of breed business solutions, leveraging technology, 

delivered by best-in-class people”. Mission of the company is “To 

achieve our objective in an environment of fairness, honesty and courtesy 

towards our clients, employees, vendors and society at large”. 

 MILESTONES: 

• Infosys launches Infosys Mana, a platform that brings 

machine learning together with the deep knowledge of an 

organization to drive automation and innovation.  

• Infosys Foundation USA partners with the National 

Science Foundation and Donors choose.org to pioneer a 

new model of public- private –community collaboration 

for computer science education. 

• Infosys launches Akava Commerce, a new standard for 

modern, mobile – first and modular e-commerce 

platforms. 

• Infosys invests in waterline Data, provider of data 

discovery and data governance software; stellaris Venture 

Partners, an early- stage venture fund; UNSILO, an A.I 

start-up focused on advanced test analysis; tidal scale, a 

provider of software –Defined Servers.  

SOME FACTS ABOUT INFOSYS LTD: 

Infosys is one of the leading IT companies in India. Its total employees 

were 1,94,044 as on 31st March, 2016. Total income of the company was 

Rs.56,992 crore for the year 2015-16 with the net profit of Rs.15,786 

crore. The company’s total assets are Rs.72,767 crore as on 31st March, 

2016. 

AWARDS AND RECOGNITION: 

• Infosys was in the list of top 20 green companies in 

Newsweek’s green rankings for 2012.  
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• The Company has been voted India’s most admired 

company in The Walls Street Journal Asia 200.  

• The Company was ranked no. 9 in wired (Magazine) 40 

(2005). 

• Infosys was ranked No.1 among the best managed 

companies in Asia – Pacific in the Annual Euro-money 

Best managed companies in Asia Survey 2013. 

• Infosys was ranked 19th on the World’s most innovative 

companies list by Forbes. 
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TATA CONSULTANCY SERVICES LTD 

 Tata Consultancy Services (TCS) is a global leader in IT Services, 

consulting, digital and business solutions that partners with its clients to 

simplify, strengthen and transform their businesses, ensuring a level of 

certainty with a set of commitment to their clients which no other firm 

can match. The company was established in 1968, Tata Consultancy 

Services has grown to its current position as the largest IT Services firm 

in Asia on the basis of its outstanding service record collaborative 

partnership, innovation and corporate responsibility. TCS offers a 

consulting–led17 integrated portfolio of IT, BPS, infrastructure, 

engineering and assurance services. This is delivered through its unique 

Global Network Delivery Model recognized as the benchmark of 

excellence in software development.  

The vision of the company is to decouple business growth and ecological 

footprint from its operations to address the environment bottom line. The 

green approach is embedded in our internal processes and services 

offerings from green buildings to green IT to green supply chain, our 

mantra is to grow sustainably and help our customers achieve sustainable 

growth through our green solutions and service offerings. Missions of 

the company are 

• To help customers achieve their business objective by 

providing innovative, best-in-class consulting, IT 

solutions and services and 

• To make it a joy for all stakeholders to work with TCS. 

TCS Integrated quality Management System (IQMS) is a vibrant, 

integrated, process driven, people oriented and customer focused quality 

management system. It is an integrated approach towards implementing 

quality practices of world-class benchmarking models, including ISO-

9001, CMMI ® for development, CMMI ® for services, ISO 27001, ISO 

22301, ISO 20000, TL 9000, AS9100, ISO 13485, ISO 14001 and 

OHSAS 18001. 
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 SOME FACTS ABOUT TCS LTD.: 

 Tata Consultancy Services Ltd. is the leading company in IT industry. 

There were 3,53,843 employees working as per the records as on 31st 

March, 2016. Total income of the company was Rs.89,604.05 crore for 

the year 2015-16 with the net profit of Rs.29,116.64 crore. The 

company’s total assets were Rs.77,668.54 crore as on 31st March, 2016.  

AWARDS AND RECOGNITION: 

• Gold award for TCS New York City marathon App at best 

in Biz s Awards 2016. 

• ‘Best Award ‘2016 from the Association for Talent 

Development.  

• Named the “Top Employer Asia pacific 2017 by the Top 

Employees Institute I. First Time Top Employer 

Certification in Philippines and China and Multi- year 

Certification in Australia, India and Singapore. ii. Named 

Top 100 Excellence ‘Employer of China ‘and award for 

‘Excellence in HR Management Team ‘in China. 

• Selected as a member of the Intellectual property (IP) 

Asia Elite 2016.  

• Won Supplier of the year Award from Cisco Systems 

inc.19 

• Awarded the Transformation Solution Partner 2016 for 

Americas by Hitachi Data systems. 

• Won the Pegan Japan Best Partner Award 2016.  

• Awarded at Esperion 2016. 

✓ Most Active Partner 

✓ Most Innovative Mobile Device Lab 

development for a leading Europe based 

telecom provider. 

✓ 2016 Digital Innovative of the year. 
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HCL TECHNOLOGIES LTD 

 HCL Hindustan Computers Limited, a Leading Global Top IT Company 

in India is one of India’s –the original IT garage start-ups and a pioneer 

of India’s IT innovation heritage. HCL Technologies works with clients 

in the areas that impact and redefine the core of their business. HCL 

Technologies operates across a number of sectors like aerospace, 

defense, automotive, consumer electronics, energy and utilities, financial 

services, government, industrial manufacturing, life sciences and 

healthcare, media and entertainment, mining and natural resources, 

public services, retail and consumer, semiconductor, server and storage, 

telecom, travel, transportation, logistics and hospitality. HCL 

Technologies after its Initial public Offer (IPO) in 1999, focused on IT 

Consulting, enterprise transformation, remote infrastructure, 

management, engineering and R&D and Business Process Outsourcing 

(BPO). 

 The Company was started in 1976, by a group of six engineers led by 

Shiv Nadar. They made personal computers under the name Micro comp 

Limited. On August 1976, the Company was renamed HCL. Then in 

1980’S and 1990’s when there was an explosive growth of IT Industry 

in India,27 shares services and outsourcing concept was introduced and 

India always maintained its competitive edge as the destination of choice 

for nearly 80% of European and US outsourcing firms, with HCL as a 

leading IT outsourcing Company. On November 1991, a company called 

HCL Overseas Ltd was incorporated as a provider of technology 

development services, commencing its business operations on 10 

February 1992. In July 1994, the Company name was changed to HCL 

Consulting Limited and in due course to HCL Technologies Limited on 

6th October 1999, for a better reflection of its activities. Between 1991 

and 1999, the Company expanded its Software development capacities 

to the US, European and APAC markets.  
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The vision of the company is “To be the technology partner of choice for 

forward looking customers by collaboratively transforming technology 

into business advantage.” Mission of the company is that “We will be the 

employee of choice and the partner of choice by focusing on our stated 

values of employees First, Trust, Transparency, Flexibility and Value 

Centricity”. 

 SOME FACTS ABOUT HCL LTD.: 

 HCL Ltd. is also one of the leading IT companies in India. Its total 

employees were 1,03,391 as on 31st March, 2016. Total income of the 

company was Rs.14,402.11 crore for the year 2015-16 with the net profit 

of Rs.4,733.68 crore. The company’s total assets were Rs.26,600.38 

crore as on 31st March, 2016.28. 

AWARDS AND RECOGNITIONS: 

• HCL has been recognized as an “outstanding contributor” 

to the VLS/ Embedded Design Industry in the Corporate 

category, by Mentor graphics corporation and Silicon 

India, at the Leadership Awards 2015. 

• HCL has been ranked No. 1 among Indian ESP’s and No. 

4 globally in terms of revenues by H+S in its report “H+S 

Engineering Services Top 20.” 

• 2015- Arcus Innovations Award for implementing an 

operational control center for Unilever. 4. 2014- Best 

governed Company by the Asian Centre for Corporate 

Governance and Sustainability. 

• 2014-Outstanding Company of the year at CNBC-TV18’s 

India Business Leader Awards. 6. HCL has global 

partnership with several leading Fortune 1000 firms, 

including several IT and technology. 
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 DATA ANAYLISIS & INTERPRETATION 

CAPITAL STRUCTURE ANALYSIS OF IT 

COMPANIES 

TABLE 1: 

The below table showing the equity share capital in the IT companies: 

  Years 2021 2020 2019 2018 2017 

C
o
m

p
a
n

y
 N

a
m

e
 

TCS 370.0 375.0 375.0 191.0 197.0 

INFOSYS 2130.0 2130.0 2130.0 2130.0 2130.0 

HCL 

TECNOLOGIES 0.0 543.0 271.0 278.0 285.0 

Source: Secondary data 

Graph showing the equity share capital in IT companies

 

INTERPRETATION: 

The above graph showing the highest equity share capital in INFOSYS 

with the amount of cr. 8520.00 ₹, whereas with the TCS and HCL 

TECHNOLOGIES showing the lowest equity share capital with the 

amount of cr. 1311.00 ₹.  

2021.00 2020.00 2019.00 2018.00 2017.00

TCS 370.00 375.00 375.00 191.00 197.00

INFOSYS 2130.00 2130.00 2130.00 2130.00 2130.00

HCL TECNOLOGIES 0.00 543.00 271.00 278.00 285.00
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TABLE 2:       

The below table showing the reserves and surplus in the IT companies: 

  Years 2021 2020 2019 2018 2017 

C
o
m

p
a
n

y
 N

a
m

e
 

TCS 74424 73993 78523 75675 77825 

INFOSYS 69029 59808 60533 6241 66869 

HCL 

TECNOLOGIES 43010 36753 30168 27285 25688 

Source: Secondary data 

Graph showing the reserves and surplus in IT companies: 

 

INTERPRETATION: 

The above graph showing the highest reserves and surplus in TCS with the 

amount of cr. 380440.00 ₹, whereas INFOSYS is with the amount of cr. 

262480.00 ₹, and HCL TECHNOLOGIES is showing the lowest reserves 

and surplus with the amount of cr. 162904.00 ₹. 
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FINANCIAL PERFORMANCE ANALYSIS OF IT 

COMPANIES 

TABLE 1: 

The below table showing the total assets in the IT companies: 

  Years 2021 2020 2019 2018 2017 

C
o
m

p
a
n

y
 N

a
m

e
 

TCS 76755 76132 74584 69841 72989 

INFOSYS 69214 58698 55137 55643 61428 

HCL 

TECNOLOGIES 
38898 29708 27070 25636 21221 

Source: Secondary data 

Graph showing the total assets in IT companies: 

 

INTERPRETATION: 

The above graph showing the highest total assets in TCS with the amount of 

cr.370301.00 ₹, whereas INFOSYS is with the amount of cr.300120.00 ₹ 

and HCL TECHNOLOGIES is showing the lowest total assets with the 

amount of cr.142533.35 ₹. 
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TABLE 2: 

The below table showing the total liabilities in the IT companies: 

  Years 2021 2020 2019 2018 2017 

C
o
m

p
a
n

y
 N

a
m

e
 

TCS 
79871 79630 78937 76047 78222 

INFOSYS 
75385 66088 66565 67356 71871 

HCL 

TECNOLOGIES 
38306 30489 27611 26018 

215382

3 

Source: Secondary data 

Graph showing the total liabilities in IT companies: 

 

INTERPRETATION: 

The above graph showing the highest total liabilities in HCL 

TECHNOLOGIES with the amount of cr.143962.20 ₹, whereas TCS is with 

the amount of cr.392707.00 ₹ and INFOSYS is showing the lowest total 

liabilities with the amount of cr.347265.00 ₹. 
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TABLE 3: 

The below table showing the total incomes in the IT companies: 

  Years 2021 2020 2019 2018 2017 

C
o
m

p
a
n

y
 N

a
m

e
 

TCS 
141363 139388 130797 

10315

9 
97261 

INFOSYS 
88379 81747 75959 65960 62351 

HCL 

TECNOLOGIES 
33189 26795 22725 20235 14449 

Source: Secondary data 

Graph showing the total incomes in IT companies: 

  

INTERPRETATION: 

The above graph showing the highest total incomes in TCS with the amount 

of cr.611968.00 ₹, whereas INFOSYS is with the amount of cr.374396.00 ₹ 

and HCL TECHNOLOGIES is showing the lowest total liabilities with the 

amount of cr.117393.00 ₹. 
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TABLE 4: 

The below table showing the total expenditure in the IT companies: 

  Years 2021 2020 2019 2018 2017 

C
o
m

p
a
n

y
 N

a
m

e
 

TCS 96871 93953 88206 69551 65604 

INFOSYS 61455 59012 54433 44644 42082 

HCL 

TECNOLOGIES 9822 
15572 12684 11426 8346 

Source: Secondary data 

Graph showing the total liabilities in IT companies: 

 

INTERPRETATION: 

The above graph showing the highest total incomes in TCS with the amount of 

cr.414185.00 ₹, whereas INFOSYS is with the amount of cr.261626.00 ₹ and HCL 

TECHNOLOGIES is showing the lowest total liabilities with the amount of 

cr.57850.00 ₹. 
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FINDINGS 

1. The Reserves & Surplus and Secured Loans of the HCL 

TECHNOLOGIES are getting increases as compared with the 

previous year. Whereas Infosys and TCS are showing variances 

in its amount from the year of 2017 to 2021. 

 

2. From the year of 2017 to 2021 the Equity Share Capital of 

INFOSYS remains same. On the other hand, TCS and HCL 

TECHNOLOGIES are showing variances in their amount in 

that period. 

 

3. The TCS is showing variances in the Unsecured Loans for 2 

years i.e., 2017 and 2018 and after that it becomes to zero as 

same as INFOSYS and HCL TECHNOLOGIES. 

 

4. In the Preference Share Capital all the 3 companies are running 

with the zero values from the year of 2017 to 2021. 

 

5. In 3 companies the total investment of the assets is highest in 

TCS but as compared with its previous year it shows the 

variance in the amount.  

 

6. On the other side HCL TECHNOLOGIES are increasing its 

investment from 2017 to 2021 without variance in the values. 

 

7. The total liabilities of the INFOSYS are less as compared with 

the other 2 companies and within these 2 companies HCL 

TECHNOLOGIES are increasing its liabilities for the same 

period. 

 

8. From the year of 2017 to 2021 all the 3 companies are raising 

their income levels. 
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9. The total Expenditure of HCL TECHNOLOGIES is less as 

compared with the other 2 companies. 

 

10. The difficulty in comparing data of one year with another due 

to changes in the circumstances and conditions in two different 

years. 

 

11. Confidential nature of the financial data hindered it’s in- detail 

availability and also analysis of the same. 
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SUGGESTIONS 

1. I suggest that the companies INFOSYS, TCS and HCL 

TECHNOLOGIES may try to increase their efficiency in 

utilization of their assets to increase its total income, because the 

assets utilization value is low for these companies. 

 

2. As the investments are very lower, the management of the 

company must concentrate on further investments utilizing the 

reserves and surplus for the mobilization, so that it will increase the 

value of the firms and wealth of the company. 

 

3. As the reserves and surplus are higher, it may be utilized for the 

purpose of either the issuance of bonus shares or the declaration of 

interim dividend. 

 

4. The company can make better utilization of the current liabilities. 

 

5. Every company need to have equal assets and liabilities and also 

companies need to involve in earning more income by decreasing 

the expenditure.  

 

6. The interest rate of equity is are low and also it does not need to be 

paid back if earnings decline. It represents a claim on the future 

earnings of the company as a part owner. 

 

7. Capital structure increases the country rate of investment and 

growth by increasing the firm’s opportunity to engage in future 

wealth-creating investments. 
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CONCLUSION 

Information technology industry is one of the leading and key industries in 

India. It is the key industry for ‘Digital India’; hence it has scope for future 

development. As top IT companies Infosys, TCS and HCL Technologies Ltd 

had large income, bringing 365 foreign currencies through export and have 

provided wide employment opportunity to the people.  

 

Financial management is one of the important aspects of a management. The 

researcher has analyzed financial performance of the above-mentioned IT 

companies in India for the study period of 5 years from 2017 to 2021.   

 

The project involves calculation of equity share capital, preference share 

capital, overall revenue and surplus, secured and unsecured loans in the 

capital structure and also involves in the calculation of the total assets and 

liabilities and also involves in calculating the total incomes and expanses in 

financial performance of the IT companies using the data made available by 

the company. 

 The documents made available to extract related data were the summarized 

balance sheet for five financial years from the period of 2017 to 2021. The 

summarized profit and loss account for the same period was also supplied 

with, in order to have a thorough study and derive appropriate conclusions. 
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ANNEXURE 
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