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ABSTRACT

The coin-based mobile battery charger that is being developed would provide a unique service
to the rural public where grid power is not available for partial/full daytime and a source of
revenuc for site providers. The coin-bascd mobile battery charger would be quickly and casily
installed outside any busincss premises. The mobile phone market is a vast industry, and has
spread into rural areas as an essential means of communication. While the urban population uses
more sophisticated mobiles with good power batteries lasting for several days, the rural
population buys thc pre owned mobilc phoncs that require charging [requently. Many times
battery becomes flat in the middlc of convcersation particularly at inconvenient times when
access to a standard charger isn't possible. The coin-based mobile battery chargers would be
designed to solve this problem. The user would have to plug the mobile phone into one of the
adapters and insert a coin; the phone would then be given a micro-pulsc for charging. It would
not bring a mobilc from 'dcad’ to fully charged statc. The charging capacity of thc mobile is
designed with the help of pre defined values. It is, of course, possible to continue charging the
mobile by inserting more coins. This compact and lightweight product is designed to cater for
the growing number of rural mobile uscrs worldwide. A suitable microcontroller is programmcd
for all the controlling applications. The sourcc for charging is obtaincd from dircct powcr grid

and solar cnergy in casc of non-availability of grid power.
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Introduction

1. INTRODUCTION

1.1 About Project

Mobile phones have become an essential technological advancement that has enabled every
individual to keep in contact with cveryonc clse from anywhere. They have become a major
sourcc of communication, bc it with regards to the business aspect or personal
communication. Due to the widespread use of mobiles, the mobile phone industry is booming
and has currently become worth more than billions of dollars, while supporting millions of

phones at a time.

These days’ mobile phones have become a mini portable computing device that can serve
multiple purposcs, thus incrcasing the usc of mobile phones and its requircment in the
community. Duc to the continuous usage of mobilc phonces for various rcasons, there is a
requircment for frequent charging. As cvery application that runs on mobiles require battery
power and more the applications in use, more the battery power is utilized. This results in

faster discharge of the battery power.

In our day to day lives where our routines are fixed, the mobile phone can be charged in such
a manner that the battcry power is always available. But in cases where the routine is not
fixed or duc to sudden changes in routine, therc may be various situations where the battery
power level would become too low or be completely discharged because of which cven
emergency use of the phone would not be possible. In such Many critics have argucd that a
public mobile phone charging service would not be a lucrative business because most of the
uscrs can charge their phones at home, in their offices or in their cars. But for the multitude of
situations where the normal routine is not followed such a public system would be very

uscful.

Students and many pcoplc who usc public transportation may not know that the level of their
mobile battery is low and can be prospective customers for a public mobile phone charger
service. Automatic Mobile Phone/Gadgets Charging System or alternatively known as Coin
Based Charging Sysicm (CBCS) brings a very wonderful solution for commuters and

travelers who need to charge their mobile phones and gadgets immediatcly.

Coin opcrated mobile phone charger is a ncw business milestone as many arc atlending
business conventions and forgetting their charger at home or in hotel rooms. This device is

likc a vending machinc for mobile battery charging at kiosks and the users have to plug the
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phonc into onc of the adapters and inscrt a coin for charging at a constant current for a

dcfinile duration.

Reccommended locations include: Hotels, Conference centers, Exhibition halls, Serviced
offices, Exchange halls, Motcls, Leisure centers, Iealth clubs, Training centers, Golf clubs,
Retail outlets, Shopping malls, Internet cafes. Universities. Colleges, Hall of residence,
Airports, Train terminals, etc., so that the mobile phone users can reactivate a low or dead
battery by simply plugging in and charging for one rupee. Anyone who needs to charge

mobile phonc can placc a coin of Rs. | or Rs. 2.

In the event of unpredictable grid power and availability ol abundant solar power, a coin

bascd universal mobile battery charger is designed and developed in this project.

The coin-based mobile battcry chargers arc designed to solve the problem of low battery. The
uscr has to plug thc mobile phonc into onc of the adapters and inscrt a coin; the phonc will
then be given a micro-pulse for charging. It does not bring a mobile from 'dead' to fully
charged state. The charging capacity of the mobile is designed with the help of predefined
valucs. It is, of course, possiblc to continuc charging the mobile by inscrling more coins. This
compact and lightweight product is designed to cater for the growing number of rural mobilc
users worldwide. A suitable microcontroller is programmed for all the controlling
applications. The source fo'r charging is obtained from the direct power grid and solar energy

in case of non availability of grid power.

The solar power application to battery charging has been studied in the past. Solar chargers
convert light energy into DC current for a range ol voltage that can be uscd for charging the
battery. In this project, the design and development of a coin based universal mobile battery
charger bascd on the main power and solar power is discussed and this is primarily for rural

areas where the mobiles are basic needs for communication and the main power is not

available all the time.
1.2 Purpose of the project

The basis of this project is to apply computer vision and image processing techniques to
develop a program which should be able to recognize a coin from an image, captured in real
time, and cnumerate its valuc. Bascd upon the value of the coin it should then allow the

microcontroller to switch on the power supply. That is to have a compuler continuously
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“watch” for the image ol a coin, recognize the valuc of the coin and then allow the passage of

current for a sufficient period of time, according to requirement of the uscr.
1.3 Aim of the project

Initial Goals

The primary goals of this project are:

% Recognize the value of the coin in the image.

< Count the value of a coin, and then switch on the power supply.
The secondary goals for the project are:

¢ ldentification of coin having different texture, shape, size and so on but have same
value.

< Switching on of power for a spccific period of time, depending on the valuc of the
coin, inserted by the uscr.

%+ Use of Solar power, for the working of system, in the absence of AC supply.

< Continuation of power supply on re-insertion of coin by the user.

< LED/LCD display on/off for the indication of power supply on/ofT.

1.4 Motivation

Nowadays, mobile phones have become a major part of everyone’s life, be it cither by means
of communication or other day to day activitics such as intcrnet scarch, games, GPS and so
on. The regular usage of mobile phones makes it necessary to have the convenient supply of
charging facilities/charged batteries, the travelling battery gadgets must be regularly charged.
Therefore, he/she must charge their gadget at home, office, cars, clc. sufficiently so (hat
mobile phonc doesn’t get discharged in between any important communication/journcy. But,
such types of problems occur repeatedly whenever one has to move out of their routine life
and/or in case of an emergency. In such situations, there is a need for charging the mobile

phone’s battery. This results in the nced for the provision of a public charging system.,

Moreover, due of globalization, mobilc phoncs arc being used by people living in urban and
rural areas both. Most of the pcople living in rural arcas buy second hand or lower quality
mobilc phones or mobile phones manufactured by local partics, to fulfill their nceds, with a

short life span of the batteries. Also, at most of the rural and high altitude arcas, wherc power

4
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supply by the government is not so frequent, results in the need for the alternative of such a

system which can work using solar cnergy.

The world cconomy is categorized into threc major aspeets: Developed nations, Developing
nations and Lecast Dcvcloped Nations (LDCs), this categorization is solcly bascd upon
economic and developmental basis. Similarly, the energy infrastructure is very poor in LDCs
as well as developing nations. This product may act as a voluntary and alternative energy

harvester for utilizing non-conventional source of energy.

There are pioneer technologies used in various types of ticket vending machines installed at
various locations, it was initialized at Central Railway Station, Thiruvananthapuram, Kerala
for ticketing from 7" July, 2006. Delhi Metro Rail Corporation (DMRC) initiated the same
venture in 2013, but neither of them, nor any organization or any institutc has come out with
such an initiative to harvest non-conventional sources as an alternative in addition to a source

for mobile/gadgets charging.
1.5 Properties

By configuring Microcontroller, Servo motor, Max232, LM358, Infrared Sensors and

MATLB tool and PICkit2 provide a number of characteristic properties to CBCS:

e Automatic Detection of the coin using Image Processing Technique.

¢ Intelligent power management system.

e Portable Machine.

e Makes avail a variety of charging ports.

e Less cxpensive.

e Harnessing of Solar Encrgy.

e Can be installed anywhere including train, station, bus stand, market etc.
e Coin Collection Mechanism.

¢ Reduce manpower

e Low power consumption.
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1.6 Applications

CBCS is a micro-switching/flow device which allows the charging cquivalent for a defined
cconomic term. This devicc can be further used by scaling up to utilize similar other

cconomic, financial/cnergy consuming applications:

v" Mobilc charging
v' Electronic Gadget Charging
v" Home appliances Charging (Battery based)

Other applications

v' It can be used in petrol pumps for supplying fucl (pctrol, dicscl, CNG), image
processing, data scaling can help us in identifying the equivalent conversion of the
currency into fuel.

v’ Prepaid electricity supply:

v" Rationing of water supply: it can rcplace online methodology of prepaid supply of

water and in rural/high altitudc arcas also.

A lot other applications can be identificd by scaling up or by making clectronic

modifications.
1.7 Organization of the dissertation

This report is organized as follows: Chapter 2 providcs a presentation of the terminology
concerning existing coin image detection and rccognition systems. Overview of the
related projects and literature to the domain with existing terminology is briefly
explained. It also includes some technical review about the related domain and then the
rcport procceds (o next chapter. Chapter 3 gives details about planning and designing of
the project, which will cover the working conditions, designing stages and overall
algorithm definitions. In Chapter 4, description about the Implementation and Validation
with proposed system of the project has been given. The test plan of the project and
discussion of the test result is detailed in Chapter 5. Chapter 6 includes the review of
the complete project, its advantages, limitations, and other details. The study cnds with
concluding remarks and futurc scopc. Chapter 7 shows the output screen shots and
Chapter 8 states conclusion and future scope of the project. Chapter 9 enlists the

references  used for the complete study and development of the project.
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2. LITERATURE REVIEW

2.1 General Background Information

Computer vision refers to the application of human vision techniques to a computer, teaching
the computer to sce. The subject itscll has been around since the 1960s, but it is only recently
that it has been possible to build uscful computer systems using ideas from computer vision.
This subject is driven by three main areas: computational geometry, artificial intelligence,

and image processing. [2]

Computational geometry now is widely used in every corner of science and engineering, from
design and manufacturing to astrophysics, molecular biology and fluid dynamics. To build

3D computer models, lots of problems can be solved in thesc arcas.

In the artificial intelligence ficld, people use compuiter vision technique as a tool to involve
both the acquisition and processing of visual information. For instance, recently some
companics and rescarch groups focus on facc rccognition technique, which is widcely used in

virtual reality, national ID, security trading terminal, CCTV control etc. [3].

Imagc processing is the basc of the other two arcas. It rcfers to processing digital images by
means of a digital computer. We know that 80% of the information that we get from the
outside world are captured by the vision, so it is not surprising that images play the single
most important rolc in human perception. However, humans are limited to the visual band of
the clectromagnetic spectrum, such as ultrasound, clectron microscopy. Thercfore, we need
the imaging machines which cover almost the entire clectromagnctic spectrum, ranging from
gamma to radio waves. They can operate on images generated by sources that human are not
accustomed to associating with image. Thus, digital image processing is applied a wide and
varied [iclds (Gonzalcz 2002, p. 1-2). For example, in medical imaging, it can be uscd 1o

enhance imagcry, or identify important phcnomena or cvents.

2.2 Theoretical Concept

Onc cannot imaginc his/her lifc without coins. A person uscs coins in daily lifc almost
cverywhere like in banks, supcrmarkets, grocery storcs, ctc. They have been the integral part
of our day to day lifc. So there is a basic nced of highly accurate and cfficient automatic coin
recognition system. In-spite of daily uses coin recognition systems can also be used for the
rescarch purpose by the institutes or organizations that deal with the ancient coins. There arc

three types of coin recognition systems available in the market bascd on different mcthods:
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e Mechanical method based systems
¢ Elcctromagnctic method based systems

e Imagc processing bascd sysicms

The mechanical method bascd systems usc paramelers like diameter or radius, thickness,
weight and magnetism of the coin to differentiate between the coins. But these parameters
cannot be used to differentiate between the different materials of the coins. It means if we
provide two coins, one original and other fake having same diameter, thickness, weight and
magnetism. but with different materials to the mechanical method based coin recognition
system then it will treat both the coins as the original coin so these systems can be fooled

casily.

The clectromagnetic mcthod based systems can differentiate between different materials
bceause, in these systems, the coins pass through an oscillating coil at a certain frequency and
different materials bring different changes in the amplitude and direction of frequency. So
these changes and the other parameters like diameter, thickness, weight and magnetism can
be uscd to differentiatc between coins. The clectromagnetic method based coin recognition

systems improve the accuracy of rccognition but still they can be fooled by some game coins.

[4]

With the recent years' coin recognition systems based on images have also come into the
picture. In these systems first of all the image of the coin to be recognized is taken either by
camera or by some scanning. Then these images are processed by using various techniques of
image processing like FFT, Gabor Wavelets, DCT, cdge detection, segmentation, image
subtraction, decision trees ctc. and various [caturcs arc extracted from the images. Then,

bascd on these features different coins arc recognized. [4]

2.3 Similar projects and survey

2.3.1 Related Projects

These projects are based on the image processing area as just mentioned above. The main
goals of these are to recognize the coin and its value in the image captured in real time. There
arc several similar projects around. Here by some of them arc exemplify to link the current
project. One is coin images Scibersdorf-Benchmark (CI1S-Benchmark) project. The sccond

onc is called automatic coin counter that was designed by J. Provine, Mike McClintock,
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Kristen Murray, and Angcla Chau, who were students [rom Rice University in Houston. And

somc of the other projccts arc discussed in the coming scctions,
2.3.1.1 Automatic coin counter

This project was constructed by J. Provine, Mike McClintock, Kristen Murray, and Angela

Chau who had to wrile a program using [caturc cxtraction (echniquc for a coursc work.

The physical sctup of the problem is considered to be that the coins run along on a conveyor
belt and arc filmed by a digital vidco camera from which frames arc taken and analyzed at
intervals to count the change on the belt. Then they set the background of the testing image
that was black and a shade of bright yellow. They assumed the coin counting machine had a
mcchanical sweeper arm, which made certain coins were only lying flat. There were four
U.S. coins- the quarter, dime, nickel and penny that arc used to be detected. They usec median
filters to smooth out the small cdges and then use Robert’s gradient method function to work
out the edges of the coins. Then the radiuses of each particular coin were calculated. Finally,
for each pixel, the program checked in eight directions for edges. If it found more than a
certain threshold number of cdges that arc of the samc length [rom the center pixel, it would
mark that pixcl as a possible center and then checked in cight more different directions from
that radius. If within the entire set of sixteen checks, the number of hits exceeds a certain
threshold, it will declare that pixel as the center of a certain type of coin. This program

worked extremely well under all the assumption they have made [10].

This project provides a guideline for our coin based system. This project provides few
important instructions (o as a start up for the development of current project. First of all, onc
must sct some working conditions for the program and rest of the system so that complete
system can work well. Rather, if a developer/implementer docs not do so, there arc huge
numbers of conditions for the detection of coin with the image, such as, size of the coin,
different lightening conditions, shape of the coin and so on. Although such types of problems
can be sought out but requircs cxtra computations, which may increase the complexity of (he
program. Duc to the shortage of time for the development of present system, it was difficult
to run through all the conditions. Another thing is being highlighted in this project is use of
different image processing techniques like edge detection, smoothing, edge enhancement and
so on. So one can consider those tcchniques for the development of coin detection and valuc

calculation based projects. Generally saying, this project could be assumed as a good slarting

10
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point of our projcct as it provides the information about the various techniques that can be

uscd for the coin detection.
2.3.1.2 CIS-Benchmark projcct

The CIS - Benchmark project was proposed to sort and re-calculation of high volumes of
coins according to the individual prerequisites of the national banks. For the development of
this project, the sorting critcria were thickness, diamcter and the images of both sidces of the
coins. For each type of coin, there are at least two coin classes that were defined, one for the
front side and one for the opposite side of the coin. For every class of coin, there are up to 30
training images, uncommon coin [accs might be represented by only a few or cven onc
training image. Therc is also a paramecter file containing the coin class, angle to rotatc the
Icarn image into position of average image, minimum and maximum thickness and diameter
of the coin. The number of images used to calculate the smallest and biggest values is also
included in the parameter file. This system basically uses matching method. For each coin on
the image, search the matching imagc in the databasc. Then the coin could be identificd. This
is a really large, complex system. The databasc consists of roughly 2000 patterns (classcs) of
coins from many different countries. And there are 100 000 coin images collected during the
automatic sorting process. However, there is no further information about the running time of

this system. And also there are no details of the algorithm they used for cach step [11].

Considering about CBCS (current project), the size of each coin that is to be detected will
remain same, but the texture of the coin could change for the same valued coin. For example,
for Re. 1 coins, in the market, have diffcrent texturc and picturcs printed over them. Texture

analysis can be considered as one criterion for the detection of coin in our project.

There are few morc cxisting projects which can provide morc idcas, which may help in the

development of CBCS. Below section provides the brief summary of prior related art.

2.3.2 Related Literature

R. Bremananth et al. in 2005 proposcd a systcm that focuscs only on the numecrals rather than
the use of other images presented on the front and rear side of the coin. For experiment they
used 1-rupee, 2-rupee, and 5-rupee Indian coin. Extract numeral image from the given coin
image and this image is used for character recognition procedure. This proposed approach

can casily be implemented in any real time busincss transactions. The sysicm resulting from

11



Literature Review

this rescarch recognizes numerals using ncural pattern analysis with a 92.43% success rate of

our (cst data. [12]

Lu Zhang ct al. in 2005-06 dcvcloped a program, as disscrtation work, for counting coins in
computer vision approach using MATLAB. The main purposc of this project is to apply
computer vision techniques to develop a program which should recognize coins in an image,
and enumerate their value. That is to have a computer, read the image and calculated the total
value of the coins which are on the image. There are several techniques involved, such as
image color scgmentation, image cdge dctection, noise filtering, and Hough transformation
and so on. The key to accomplish this project is the color scgmentation of coins and cdge
cnhancement, which scparates coins with their color difference and provides the cfficiency.
After the computer programs are established, an experiment which applies the programs with
UK coins shows that it works well and the crror depends on the qualitics of the coins’ images.

A databasc containing large numbcer of imagges is rcquired by using this method. [13]

Adnan Khashman et al. in 2006 proposcd an intelligent coin identification system (ICIS) that
uscs coin patterns for identification helps preventing confusion between different coins of
similar physical dimensions. For recognition of rotated coins of various degrees, ICIS used
pattern averaging and neural network. In pre-processing phase ICIS apply thresholding,
cropping, compressing, trimming, pattcrn avcraging on images. And then ncural network is
traincd using these images. ICIS used 1 TL and 2 EURO coins in rccognition. ICIS uscd a
3layer back propagation ncural nctwork with 400 input ncurons, 25 hidden ncurons and 2-
output neuron. The neural network is trained using 20 images out of available 120 coin

images. The Accuracy rate achicved was 96.3%. [14]

C.M.Velu and P.Vivekanandan et al. in 2009 developed a system for Indian coin recognition
system of image segmentation by heuristic approach and Hough transformation method. This
system is developed mainly to classify the coins offered in the Hundi by the devolees of
Tirumala Tirupati Devasthanam (TTD), Tirupati, India. The objective is to count moncy by
recognizing the coins and count the total sum based on its value. The system is proposed to
design coin recognition by applying heuristic approach, based on the coin table. This table
stores parameters of each coin. This paper concentrales on aflinc transformations such as

scaling, shearing and so on. This method yiclds 97% of result in recognizing the coin image.

[15]
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Husscin R. Al-Zoubi ct al. in 2010 [3] suggested a coin recognition method using a statistical
approach (o classify Jordanian coins. There arc scven different coins used in Jordan: 500fils,
250fils, 100fils, 50fils, 25fils, 10fils, and 5fils. Color and arca of a coin was the key featurc
for classification. First convert the colored image into gray level and then apply the threshold
value to convert it into black and white image. Then the binary image is cleaned by opening
and closing through crosion and dilation, afier that calculatc the value of cach RGB color.
Then on the basis of thesc value decisions is made that to which catcgory the coin belongs.
Total 1050 experiments, 150 for each coin were carried out to examine the proposed system.

The Accuracy rate achieved was 97%. [16]

C.M.Vclu and P.Vivckanandan ct al. in 2011 presented a mcthodology for Indian Coin
Recognition and Sum Counting System of Image Data Mining Using Artificial Neural
Networks. The objective of this paper is to classily, recognize and count the total valuc of
ncwly released Indian coins of differcnt denomination, in terms of Indian National Rupecs.
The features of old coins and new coins of different denominations arc considered for
classification. In this paper, it is proposed to introduce ML-CPNN approach. This approach is
then compared with other approaches. The Robert’s edge detection method gives 93% of
accuracy and Laplacian of Gaussian mcthod 95% of the result, the Canny cdge dctection

method yiclds 97.25% result and thc ML-CPNN approach yiclds 99.47% of rccognition rate.
[17]

Vaibhav Gupta ct al. in 2011 presented a method based on image subtraction for rccognition
of Indian coins of different denomination. The Process performs 3 checks (radius, coarse and
finc) on the input image. Instantly compuic the radius of the input image and then based on
the radius a lest image is selected from the databasc. Then subtraction between the input
image and databasc image is performed. By plotting the resultant values we get a minimum

value which if less than a standard threshold provides the identification of the coin. [18]

Shatrughan Modi ct al. in 2011 presented an Artificial Ncural Network based Automated
Coin Recognition System for Indian coins. They used Indian coins of denominations 1, 2,
'5, and "10. This system takes images of coins from both sides. First of all apply pre-
processing for images like cropping, trimming, patlern averaging, cle. and then passcd the
input data set to Neural Network for training. 4536 images arc used for training and 252
images are used for validation and testing cach. It cased back propagation ncural network
with 400 input units, 30 hidden layers and 14 output units. This system gives 97.74Y,

recognition rate. [19]
13
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Saranya das.Y.M ct al. in 2013 presented a system to classily Indian coins discharged
recently. This system is based on Advanced Harris-Hessian Algorithm, used the paramelers
such as size, weight, surface, ctc. of coins and also uscd the concept of rotation invariance.
The primary goals of this project are: Recognize the coins, count the coins and then get the
total value. First, we apply preprocessing of the image and then pre-processed images are
passed to the Harris-Hessian detector, it detects interest points. Now these features arc fed to
the Hough Transform, it dctects circles and calculates the radius of coins. . It is a low cost

system having recognition rate close to 100%. [20]

Dcepika Mchta ct al. in 2013 presented a system to detect and recognize the Overlapped
coins using Otsu’s Algorithm bascd on the [lough Transform technique. This project includes
three step detection, extraction and recognition. For segmentation uses an Otsu’s algorithm,
for detecting overlapping uses thc Hough transform and for rccognition uscs radius
thresholding. The Detection rate of overlapped coins is 91% and rccognition rate is 40% 1o

50%. [21]
2.3.3 Other Prior Art

In 1992 [22] Minoru Fukumi ct al. presented a rotational invariant ncural pattern recognition
system for coin recognition. They performed experiments using 500 yen coin and 500 won
coins. In this work, they have created a multilayered neural network and a preprocessor
consisting of many slabs of neurons to provide rotation invariance. They further extended
their work in 1993 [23] and tried to achicve 100% accuracy for coins. In this work they have
used BP (Back Propagation) and GA (Genctic Algorithm) (o design ncural networks for coin
recognition. Adnan Khashman ct al. [24] presented an Intelligent Coin Identification System
(ICIS) in 2006. ICIS uses neural network and pattern averaging for recognizing rotated coins
in various degrees. It shows 96.3% correct identification, i.e. 77 out of 80 variably rotated

coin images werc corrcctly identificd. Mohamed Roushdy [25] had used Genceralized Hough

Transform to detect coins in the imagc.

In 2011, Shatrughan Modi and Dr. Scema Bawa, presented their work based on Automatic

Coin Recognition System using ANN, which involves following steps as work flow:

e Acquire RGB Coin Imagc
e Generate Patiern Averaged Image

e Remove Shadow from Image
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e Crop and Trim the Image
e Convert RGB Imagce to Grayscale
e Generate Feature Vector and pass it as Input to Train NN

¢ Give Appropriate Result according to the Output of NN

In this ANN based Automated Coin Recognition System, for the recognition of Indian Coins
ol denomination "1, "2, *5 and "0 with rotation invariance, images ol both sides of the coin
has bcen captured. In this system, ﬁrstl)} preprocessing of the images is done, then the
features are extracted from images using techniques of Hough Transformation, Pattern
Averaging etc and then these processed images are fed to the trained neural network. The
ncural nctwork has been trained, tested and validated using 5040 samplc images of
denominations "1, 2, °5 and '10 rotated at 50, 100, 150...., 3550.. 97.74% rccognition ratc
has been achicved during the experiments i.c. only 2.26% miss recognition, which is quitc

encouraging. [26]

[lence the above mentioned literaturc and project study guided the various techniques and
algorithms which can be applied for the development of CBCS. Here in the next section some

of the technical analysis is being done to choose the appropriate development methodology.
2.4 Technical Review

Various different technical methodologies exist in the field of image processing for object
recognition, feature cxtraction and others. Here by, few tcchnical concepts have been

discusscd which can be applicable for the development of current project.

1. Hough transformation: The Hough Transform is a very useful tool to find a pattern
in an image such as lines and curves. By transforming a point into a parameler spacc,
it recognizcs local patterns casily. Especially it is good for noisy and sparscly
digitized images. First, a point in an image which is edge-detected makes a curve in
the parameter space, a 2-D for lines and 3-D for circles. Whenever a point of the
image is defined a valid candidate for a linc or a circle, a curve in parameter space is
updated. [27]

2. Texton: Textons arc decfined as fundamental micro-structures of natural imagcs.
Every natural images consist of those micro-structures, and they are smallest elements
that human can recognize or discriminate; thercfore, if we can find universal Textons

that can generate cvery textures in the natural world like alphabet in English, then we
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can build morc rigid rules that can be uscd as scgmenting, classifying, and cven
synthesizing imagcs. [27]

Artificial Neural Networks: ANN is another method which can help in identifying
the pattern on each coin and also helps in calculating its value. Various projects has
been developed based on ANN concept, some of them are discussed in the previous
scction. ANN provides us better and accurate results but require highly maintained
databasc and training scts which may incrcase system complexity.

Pattern Matching: This is another technique in the field of image processing which
helped in identifying the pattern in an image and matches them. Segmentation,
masking. texture analysis, fcature cxtraction and matching and so on arc few methods
which can be used for pattern matching proccss.

Thrcshoid Matching: This is very simple and basic mcthod for the identification of
any object in an image. In this method, a threshold value is being set for any object
and hence then it is being matched with other captured image for matching.
Histogram Matching: Histogram maiching is another very clfective (cchnique for
the matching, rccognition and identification of any objcct in an imagc. In this proccess,
histogram of an image is being matched with the other for the detection. The results

obtained under this method are quite accurate.

These are some of the technical approaches that are being used and can be applied for other

related projects. In this current project, threshold range matching concept has been used,

initially, but one can apply other techniques for its enhancement. The upcoming chapler

shows the designing, implementation and other rclated processes of current project.
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3. PLAN & DESIGN

3.1 Introduction

In this section the planned development of the project will be discussed. The operating
conditions ol our counting coin program will be sct up. The development stages will be
specificd in this scction. Then the algorithms uscd in the project will be discussed in details,
There will be no technical definition of the algorithm used at each stage, since this will

follow in the implementation part.
3.2 Program working conditions

As we discussed in the previous section, the program working conditions should be sct up to
improve the efficiency and effectiveness of the program. Because there are hundreds
conditions about how the coins would be displayed on an imagc. For cxample, the size and
shape of the same coin could also change according (o the view of the camcra that captures
the coins. If the camera is placed just above the coin, the shape of the coin will be a circle.
Otherwise, the shape of the coin will be an ellipse. And besides if the camera positioned near
the coins, the size of the coin on the image captured by the camera will be relatively larger
than the size of coins captured by the camera which placed far from the coins. Although these
two problems can be worked out by using a scale, the time of this project is limited. So this

plan is not considered working in these sorts of conditions.

3.3 Hardware & Softwarc requirements
3.3.1 Hardware requirements/Used
* A computer with MATLAB softwarce installed.
¢ Liquid crystal display (LCD) /LED
¢ Microcontroller (PIC16(887)
® Servo motor
e Camera
¢ Infrared sensor unit
¢ Rclay switch
e LM358
e MAX 232
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3.3.2 Software requirements/Used

MATLAB (R2009 or higher) is thc development tool for this task. So the program will be
working under MATLAB cnvironment.

PIC kit2 (Programmer/Debugger) is the development tool for microcontroller PIC 16£887.
3.4 Physical setup of the project
This task is broken under the physical setup stated below:

® The camera should be set up in its space and coin is brought in front of the camera via
coin holder with the help of servo motor.

* The distance between the camera and the coins should be fixed.

®* The coins should be located within the coin holder by the user and servo motor will
help the coin holder to bring coin in front of the camera.

® A microcontroller is programmed to contain the overall working of the organization.

* A battery source is left to provide the power to the whole scheme.

" A solar pancl is utilized for regular charging of battery.

3.5 Design phases

Although there wasn’t really a nced for a comprehensive software Lifecycle for this task, a
certain quantity of planned design was even thought necessary. In this segment, the
computation strategy was discussed first. And so, granting to the computation strategy, we
found, the ontogeny of this task was divided into few main points. Referable to the algorithm

wc uscd cach main level was 100 split down to sub-steps. These points will be hashed out in

coming scctlions.
3.6 Potential schemes for finding coins

The approprialc computation strategy used in this projcct is threshold rangc matching (upper
and lower limit for coins), bccausc of usage of the low resolution camera. According to this
strategy, when the image is captured in real time, the range is being matched by the program
and indicates the value of the coin to the microcontioller for the further process/working of
the system. The images of the coins arc captured in different lightening conditions to decide

the range for cach valued (Re.1 or Rs. 2) coin.

This scheme is not being practiced while applying high resolution cameras in the
arrangement. While using high quality of camcra onc can utilize various other techniques of
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picture processing, say Hough transformation, fcaturcs cxtraction and pattern matching and
hence along. On detection, the microcontroller will allow the power supply to the ports for
the charging of gadget for a fixed duration. If any individual nceds power for long duration

then one can re-insert a coin to continue the process.

Nevertheless, counting the price, size and other facets of the evolution of the whole scheme,
initially first strategy was chosen for this task. Farther, this task can be fine-tuned as per one’s

requirement or demand.

The expected flow of the project and the overall working of the system is as shown in the

below diagram.

LCD/LED ON

Insert coin for Image Processing

@ accordingly. :
Charging/Power supply gets on for FIXED DURATION (as programmed).
@ IF more power supply is required, THEN insert a new coin and continue

Check for the amount of coin and send command to microcontroller

ELSE Stop.

Figure 3-1: Showing expected project flow
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3.7 Stages of development

The development of the CBCS system was divided into four main stages according to our
development strategy. Then cach main stage was broken into sub-steps according to the plan
and study. Every sub-measure was planned as a distinct level, which could be filled out and

tested separately, and then incorporated into the master task.
Stage 1: Circuit Designing & PCB layout

In this stage, basic circuit has been designed by using simulation tools to check the overall
working of the circuit to be used in the development of CBCS system. Several parts were
gathered using the simulator tool and hence the working of circuit was tested on the
simulator. Granting o the circuit designed, PCB Layout was madc such that the hardware

components can be sct up accordingly.
Stage 2: Assembling

At this stage of system evolution, all the elements are gathered together according to the
circuit designed and PCB layout as presented in the old phascs. Afler assembling of all the
components, testing was performed to check the working of every component with cach

other. Hence the hardware testing was done in parallel.

Stage 3: Software

After detail study of hardware parts and their assembling, as reported in former levels, next

wc travel towards the software componcent of the arrangement. Software part includes two
sub-steps as stated below:

a) Programming of microcontroller

a. At initial stage of microcontroller programming, firstly an .asm file of the
asscmbly code was coded for the working and performance of controller, Then
microcontroller is burnt with the accumulated files of this codification.

b. A C program is written to do interaction with.asm file code. Functions of .asm
file called in a C program and the interaction of the whole operation is being
performed.

b) Using image processing techniques using MATLAB: For the detection of valuc of
coin, picture processing techniques have been applicd. These techniques include

masking, feature cxtraction, ITough Transformation, pattern matching and hepee
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along. Granting to the initial sctup ol hardware, here by a threshold range matching

technique is being utilized for the detection of value of coins.
Stage 4: Calculating the valuc of coins

After the development of above mention codes, we must integrate them with the hardware
sctup as assembled on stage 3. Microcontroller’s code is debugged and complicd and then the
compiled files are shifted to the controller for its operation. It lets the coin - holder to move
in-front of the camera on detecting something inside it. And so the camera will send the real
time captured image to the MATLAB for calculating its value and hence sends command to

the controller to switch-on the power for a limited period.

These arc the five main stages covered for the designing of CBCS. An additional

algorithm/technique can be used to improve the working of the system.
Compute the value of the coin by its either side

As we discussed in previous section, the distance between the camera and coins should be
fixed. So when the program was sct up at the first time, afier the camera was set, we should
put a coin under the camcra, and then usc this algorithm to find the value of the coin. We can
improve the working of complete system and enhance our algorithm by allowing it to
calculate the value of coin by looking at its either face (heads or tail) and hence remove the

initial limitation of the system. We will discuss the reasons in the validation scction in
chapter 4.

3.8 Overall hardware description

As discussed in section 3.7, there were different stages and algorithms used to develop the
projcct. Now in the upcoming sections description about the components and algorithms used

in this project, by the stage of development, is provided.

381 LCD

This element is specifically constructed to be used with microcontrollers, which implics (hat
it cannot be triggered off by standard IC circuits. It is utilized for displaying different
messages on a miniature liquid crystal show. The model depicted here is for its low price and
great capabilities most frequently employed in practice. It can display messages in two linesg

with 16 characters each. It can display all the letters of the alphabet, Greek letters
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punctuation marks, mathematical symbols, etc. It is also possible to display symbols made up
by the user. Other useful features include automatic message shift (left and right), cursor

appearance, LED backlight etc.

Figure 3-2: LCD Outlook [Source, courtesy: www.mikroe.com/chapters/view/1 7/chapter-4-examples]

3.8.1.1 PIN Descriptions

Along one side of the small printed board of the LCD display there are pins that connect it to
the microcontroller. There are in total, of 14 pins marked with numbers (16 if there is a

backlight). The table shown below describes the function of each pin:
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 FUNCTION | PIn NUMBER J WAME | LOGIC STATE ] : DESCRIPTION
Ground ’ 1 I Vss - i ov
Power supply l 2 [ Vdd ' +5v
Contrast | 3 ' Vee [ £ | 0 - vdd |
4 RS 0 DO - D7 are interpreted as commands |
| 1 DO - D7 are interpreted as data
) 5 R/W 0 Write data (from controller to LCD)
Control of operating 1 Read data (from LCD to controller)
0 Access to LCD disabled
6 E 1 Normal operating
From1te 0 Data/commands are transferred to LCD
7 Do 0/1 Bit 0 LSB

0/1

Bit1

0/1

Bit 2

10 D3 0/1

Bit 3

Data / commands

11 D4 0/1

Bit 4

0/1

BitS

0/1

Bit 6

0/1

Bit 7 MSB

Table 3-1: PIN description of LCD [Source, courtesy: www.mikroe.com/chapters/view/17/chapter-4-
examples]

3.8.1.2 LCD Screen

An LCD screen can display two lines with 16 characters each, Every character consists of

5x8 or 5x11 dot matrix. But a 5x8 character display is most commonly used; hence we can

use the same for the development of this project.

Figure 3-3: LCD display screen [Source, courtesy: www.imikroe.com/chapters/view/1 T/chapter-4-

examples]
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Display contrast depends on the power supply voltage and whether messages are displayed in
one or two courses. For this reason, varying voltage 0-Vdd is applied to the pin marked as
Vee. A trimmer potentiometer is normally employed for this function. Some of the LCD
displays have a built-in backlight (blue or green LEDs). When applied during operation, a
current limiting resistor should be serially connected to one of the pins for backlight power
supply (similar to LED diodes).

If there are no characters to be displayed or if all of them are dimmed when the display is
switched on, the first thing that should be done is to check the potentiometer for contrast
adjustment. The same applies if the mode of operation has been changed (writing in one or

two lines).

3.8.1.3 Pin Connection of LCD

Below figure shows the pin connection of the LCD.

| lContrast

LED backlights §
R |

Figure 3-4: LCD pin connection [Source, courtesy: www.mikrae.comlchapters/viewll7/chapter-4-
examples]

3.8.1.4 LCD Connection with Controller

Depending on how many lines are used for connecting an LCD to the microcontroller, there
are 8-bit and 4-bit LCD modes. The appropriate mode is selected at the beginning of the
Operation in the process called 'initialization’. The 8-bit LCD mode uses outputs DO- D7 to
transfer data as explained on the previous page. The main purpose of the 4-bit LCD mode is

to save valuable 1/0 pins of the microcontroller. Only 4higher bits (D4-D7) are used for
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communication, while others may be left unconnected. Each bit of information is beamed to
the LCD in two steps- four higher bits are sent first (normally through the lines D4-D7) then
four lower bits. Initialization enables the LCD to link and interpret received bits correctly.
Information is seldom read from the LCD (it is mainly transferred from the microcontroller to
the LCD) so it is frequently possible to preserve an extra 1/O pin by simply connecting the
R/W pin to the Ground. Messages will be normally displayed, but it will not be possible to
read the busy flag since it is not possible to read the display either. Fortunately, there is a
relatively simple solution. After sending a character or a command it is important to give the
LCD enough time to do its job. Owing to the fact that the implementation of a command may

last for approximately 1.64ms, it will be sufficient to wait about 2mS for the LCD.

Microcontroller

Can be connected

to Ground — | : In 4-bit mode is
“al

T left unconnected
Q +5V

1
5K

Contrast

]'r
,! . ERF S EFLR RS

Figure 3-5: LCD and controller connection [Source, courtesy: www.mikroe.com/chapters/view/1 T/chapter-
4-examples]
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3.8.2 Microcontroller

The PIC16F887 is a well known product by Microchip. It features all the components which
modern microcontrollers normally have. For its low price, wide range of application, high
quality and casy availability, it is an idcal solution in applications such as the control of
differcnt proccssces in industry, machine control devices, measurement of different values cte.
Some of its main features are listed below:

* RISC architecture

* Only 35 instructions to learn

* All single-cycle instructions except branches

* Operating frequency 0-20 MHz

* Precision internal oscillator

* Factory calibrated

* Software selectable frequency range of 8MHz to 31 KHz

* Power supply voltage 2.0-5.5V

* Consumption: 220uA (2.0V, 4MHz), 11uA (2.0 V, 32 KHz) 50nA (stand-by mode)

* Power-Saving Sleep Mode

* Brown-out Resct (BOR) with softwarc control option

* 35 input/output pins

* Iigh current source/sink for dircct LED drive

* Software and individually programmable pull-up resistor

* Interrupt-on-Change pin

* 8K ROM memory in FLASH technology

* Chip can be reprogrammed up to 100.000 times

* In-Circuit Serial Programming Option

* Chip can be programmed even embedded in the target device

* 256 bytes EEPROM memory

* Data can be written more than 1.000.000 times

* 368 bytes RAM memory

* A/D converter:

* 14-channels

* 10-bit resolution

* 3 independent timers/counters
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* Watchdog timer

* Analogue comparator module with

* Two analoguc comparators

* Fixed voltage reference (0.6V)

* Programmable on-chip voltage reference
* PWM output steering control

* Enhanced USART module

* Supports RS-485, RS-232 and LIN2.0

* Auto-Baud Detect

* Master Synchronous Serial Port (MSSP)
* Supports SPI and 12C modec

Figure 3-6: Pin configuration of Microcontroller PIC16£887 [Source, courtesy:

REWNCLRVpp || e RETICSPOAT
RAUANGIULPWU/CA2IND- | RBGICSPCLK
RATANICIZINI- (] L RBSIANIITIC
BRAZANVretEVreriCaNe [ © RB4ANII
RAUANIVreRCIING ] RBYANIPGC12IN2-
Radmockiciour [ T RB2/ANS
RASIANAISSIC20UT (] ot | RBUANTOCIZING.
REDIANS | 0 | REDANI2INT
REVANG [ iy | Vdd
RE2IANT ] o Vs
Vad ] .n | ROTPAD
Vss ] | RDGIPIC
RATIOSCICLKIN  [] W | RDSIP1B
RAGIOSC2CLKOUT [} o | RD4
RCOTI0SOMICK [ ~N RCTIRNDT
RCATIOSHCEP2 (] | RCBITXICK
RC2PIACCPT [ | RCHISOO
RCHSCKSCL || RCAISDISDA
ROO ] RD3
RDT L RD2
e SR AT

www.mikroe.com/chapters/view/2/chapter-1-pic I6I887-1||icrucunturlIcr-dcvicc-ovcrvicw[
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Oscillator ; ' 7O T1 T2
0 - 20MHz | ;

Internal .
Oscillator Serial |
Communlcatlon,

CP

| (35 instructions) |

CCP1, CCP2

Converter

| 1 EEPROM (256) |
¢ Interrupts WDT e

CCP/PWM | | eT——
modules - . Memory

RESET

{bpov;e.r :;splye

Figure 3-7: Architecture of Microcontroller [Source, courtesy: www.mikroe.com/chapters/view/2/chapter-
]-picl6f887-microcontorller-device-overview]

3.8.2.1 PINOUT Description

Most pins of the PIC16F887 microcontroller are multi-functional as seen in the image above.
For example, designator RA3/AN3/Vref+/C1IN+ for the fifth pin of the microcontroller

indicates that it has the following functions:

RA3 Port A third digital input/output
ANB3 Third analog input

Vref+ Positive voltage reference

o CI1IN+ Comparator C1 positive input
Such pin functionality is very useful as it makes the microcontroller package more compact
without affecting its operation. These various pin functions cannot be practiced
simultaneously, but can be modified at whatever leve] during operation. The following tables

refer to the PDIP 40 microcontroller.
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Number ’ Al
RE3

General purpose input Port E

RE3/MCLRV/pp 1 MCLR Reset pir). Low logic level on this pin
resets microcontroller.

Vpp Programming voltage
RAO General purpose I/O port A
ANO A/D Channel 0 input
ULPWU  Stand-by mode deactivation input
C12INO-  Comparator C1 or C2 negative input
RA1 General purpose I/O port A
RA1/AN1/C12IN1- 3 AN1 A/D Channel 1
C12IN1-  Comparator C1 or C2 negative input
RA2 General purpose I/0 port A
- AN2 A/D Channel 2
A/D Negative Voltage Reference

RAO/ANO/ULPWU/C12INO- 2

RA2/AN2//ref-ICVref/C2IN+ 4 Vref- Lt
CVref Comparator Voltage Reference
Output

C2IN+  Comparator C2 Positive Input
RA3 General purpose I/O port A
AN3 A/D Channel 3
~ Vref+ A/D Positive Voltage Reference Input
C1IN+  Comparator C1 Positive Input
RA4 General purpose I/O port A
RA4/TOCKI/C10UT 6 __TOCKI  Timer TO Clock Input
C10UT  Comparator C1 Output
RAS5 General purpose I/O port A
RAS/AN4/SS/C20UT 7 6. A CHaRG
SS SPI module Input (Sfave Select)

C20UT  Comparator C2 Output
REO General purpose I/O port E

RA3/AN3/Vref+/C1IN+ 5

0/ANS 8
e _ ANS5 A/D Channel 5
RE1 General purpose I/O port E
9
RE1/ANG AN6  AD Channel 6
RE2 General purpose I/0 port E
10
RE2/AN7 AN7  A/D Channel 7
Vdd 1) + Positive supply
Vss 12 - Ground (GND)

Table 3-2: PINOUT description of controller (I) [Source, courtesy:
www.mikroe.com/chapters/view/Z/chapter-l-pic16f887-microcontorller-devic&overview]
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Number

General purpose 1{®] port A
RA7/0OSC1/CLKIN 13 OSC1' Crystal Oscillator Input
CLKIN External Clock Input
0O8SC2  Crystal Oscillator Output
RA6/0SC2/CLKOUT 14 CLKO Fosc/4 Qutput
RA6 General purpose I/O port A
RCO General purpose /O port C
RCO/T10SO/T1CKI 15 T108SO  Timer T1 Oscillator Output
T1CKI  Timer T1 Clock Input
RC1 General purpose I/O port C
RC1/T10SO/T1CKI 16 T10SI  Timer T1 Oscillator Input
CCP2 CCP1 and PWM1 module I/O
RC2 General purpose I/O port C
RC2/P1A/CCP1 17 P1A PWM Module Output
~CCP1_ CCP1 and PWM1 module /O
~RC3  General purpose I/O port C

RC3/SCK/SCL 18 ~ SCK | MSSP module Clock I/O in SPI mode _
—— ~_ SCL  MSSP module Clock I/O in I’C mode
~__RDO .19 RDO  General purpose /O portD

~RD1 20 RD1  Generalpurpose /OportD

RD2 21 RD2  General purpose I/O port D
'RD3 22 RD3 General purpose I/O port D
RC4  General purpose I/O port A
RC4/SDI/SDA 23 SDI MSSP module Data input in SPI mode
- h SDA MSSP module Data I/O in I°C mode
RC5/SDO 24 RC5 General purpose I/O port C

SDO MSSP module Data output in SPI mode
RC6 | General purpose I/O port C
RC6/TX/CK 25 TX | USART Asynchronous Output
CK | USART Synchronous Clock
RC7 | General purpose I/O port C
RC7/RX/DT 26 RX | USART Asynchronous Input
DT USART Synchronous Data

Table 3-3: PINOUT description of controller (IT) [Source, courtesy:
www.mikroe.com/chapters/view/2/chapter-1-picl 6f887-m1cr0contorller—dev:ce—uverview]
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Number i A S
i
RD4 27 RD4 General purpose /O port D
RD5 General purpose I/O port D

1B 28
i P1B PWM Output
RD6 General purpose I/O port D
C 29
gl P1C PWM Output
RD7/P1D 30 RD7 General purpose /O port D
SR P1D PWM Output
Vss 31 - Ground (GND)
Vdd 32 + Positive Supply
RBO General purpose I/O port B
RBO/AN12/INT 33 AN12 A/D Channel 12

~INT External Interrupt
RB1 General purpose /O port B
RB1/AN10/C12INT3- 34 AN10 A/D Channel 10
C12INT3- Comparator C1 or C2 Negative Input
RB2 General purpose I/O port B
AN8 A/D Channel 8
RB3 General purpose I/O port B
AN9 A/D Channel 9
PGM Programming enable pin
C12IN2-  Comparator C1 or C2 Negative Input
RB4 General purpose /O port B

RB2/AN8 35

RB3/AN9/PGM/C12IN2- 36

37
et AN11 A/D Channel 11
RB5 General purpose I/O port B
RBS5/AN13/T1G 38 AN13 A/D Channel 13
T1G Timer T1 External Input
RB6/ICSPCLK 39 ~ RBE6 General purpose‘ I/O port B
- ICSPCLK Serial programming Clock
RB7/ICSPDAT 40 RB7 General purpose I/O port B

ICSPDAT Programming enable pin

Table 3-4: PINOUT description of controller (IMX) [Source, courtesy:
www.mikroe.comfchapters/viewlzlchapter—l-picl61887-microcontorller-device-overview]
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3.8.3 Scrvomotor

A servo motor is a rotary actuator that allows for accurate control of angular position, speed
and acceleration. It consists of a suitable motor coupled to a sensing element for position
feedback. It too takes a relatively sophisticated controller, often a dedicatcd module designed
specifically for use with servo motors. Scrvo motors arc not a different class of motor, on the
foundation of underlying operating principle, but use servomechanism to achieve closed loop

control with a generic open loop motor.

Scrvomotors are used in applications such as robotics, CNC machincry or automated
manufacturing. As the name indicatcs, a servo motor is a scrvomechanism. More specifically,
it is a closcd-loop scrvomechanism that uscs position fcedback to control its movement and
last spot. The input to its control is some signal, either analogue or digital, representing the

position commanded for the output shaft.

The motor is paired with some type of encoder to provide position and speed [cedback. In the
most clementary cxample, only the position is valued. The measured position of the output is
compared to the command position, the external input to the controller. If the output position
differs from that required, an error signal is generated which then causes the motor to rotate
in cither dircction, as necded to bring the output shaft to the appropriatc position. As the

positions approach, the crror signal reduces to zero and the motor stops.

The very simplest servo motors usc position-only sensing via a potentiometer and bang-bang
control of their motor; the motor always rotates at full speed (or is terminated). This case of
servo motor is not widely applied in industrial motion control, but it constitutes the
groundwork of the simple and cheap servos used for radio-controlled modcls. Morc
sophisticated scrvomotors mcasure both the position and also the speed of the output shaft.
They may also manipulate the velocity of their motor, rather than constantly working at full
velocity. Both of these enhancements, usually in combination with a PID control algorithm,
allow the servo motor 1o be conveyed to its commanded position more quickly and morc

preciscly, with Iess overshooting.
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Figure 3-8: Servomotor [Source, courtesy: www.galilme.com/products/servo-motor.php]

3.8.3.1 How to control servo?

Servos are controlled by sending an electrical pulse of variable width, or pulse width
modulation (PWM), through the control wire. There is a minimum pulse, a maximum pulse,
and a repetition rate. Servo motors can usually only turn 90 degrees in either direction for an
aggregate of 180 degree movement. The motor's neutral position is determined as the place
where the servo has the same quantity of potential rotation in the both the clockwise or
counter-clockwise direction. The PWM sent to the motor determines the position of the shaft,
and based on the duration of the pulse sent via the control wire; the rotor will turn to the
desired position. The servo motor requires seeing a beat every 20 milliseconds (ms) and the
length of the pulse will determine how far the motor works. For instance, a 1.5ms pulse will
cause the motor turn to the 90-degree position. Shorter than 1.5ms moves it to O degrees, and

any longer than 1.5ms will turn the servo to 180 degrees, as diagrammed below
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Figure 3-9: Variable Pulse width control servo [Source, courtesy:
www.jameco.com/Jameco/workshop/howitworks/how-servo-motors-
work.html?sp_rid=MjkxOTAwODE2NjQS1&sp_mid=4334065]

Output Spline

Drive Gears ff

Serva Case.,
Cantrol Circut

Potentiometer

Figure 3-10: Internal parts of servomotor [Source, courtesy:
www.jameco.com/Jameco/workshop/howitworks/how-servo-motors-
work.html?sp_rid=MjkxOTAwWODE2NjQS1&sp_mid=4334065]

When these servos are commanded to move, they will move to the position and hold that
position. If an external force pushes against the servo while the servo is holding a posture, the
servo will resist from moving out of that place. The upper limit amount of force the servo can
exert is called the torque rating of the servomechanism. The servos will not take their position

forever though; the position pulse must be repeated to instruct the servo to stay in place.

3.8.3.2 Types of Servo Motors

There are II types of servo motors - AC and DC. AC servo can handle higher current surges
and tend to be utilized in industrial machinery. DC servos are not designed for high current
surges and are usually better suited for smaller applications. Broadly speaking, DC motors
are less expensive than their AC counterparts. These are also servo motors that have been

made specifically for continuous revolution, making it an easygoing path to make your robot
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running. They feature two ball bearings on the output shaft for reduced friction and easy

access to the rest-point adjustment potentiometer.

3.8.4 CAMERA

The camera is used only to capture images of the coin placed in the coin holder. It detects the
amount of the coin placed and sends commands to the ﬁaicrocontroller for the specific
duration of charging. The value of the coin is estimated by applying image processing
technique and therefore depending on the value of the coin inserted power supply is switched

on for limited duration by the microcontroller.

Figure 3-11: High resolution Camera [Source, courtesy: Internet]

3.8.5 Infrared Sensors (IR)

IR Sensors work by using a definite light sensor, to detect a specific light wavelength in the
Infra-Red (IR) spectrum. By using an LED, which can produce light at the same wavelength
as what the sensor is optimized for, and also evaluates the intensity of the light received.
When a target is near to the detector, the light emitted from the LED reflects back from the
object into the light sensing elements. This result in a large change in the intensity received,
which is tantamount to the threshold value of the sensors. On receiving toned intensity of the
light reflected, indicate the presence of coin within the holder. After receiving such
indication, the controller will proceed further, i.e. coin holder will move towards the camera

for further working of the system.
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3.8.5.1 Detecting Brightness
Since the sensor figures out by looking for reflected illumination, it is potential to hold a
sensor that can give the value of the reflected light. This character of detector can then be

utilized to assess how "bright" the target is. This is useful for tasks like line tracking.

Lightly colored objects reflect more IR light

Darker colared object reflect less IR light

Figure 3-12: Reflected IR detection [Source, courtesy:
www.education.rec.ri.cmu.edu/content/electronics/boe/ir_sensor/1.html]
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Figure 3-13: IR rays sending and receiving [Source, courtesy: www.education.rec.ri.cmu.edu]

3.8.5.2 Elements of Infrared detection system

The block diagram below shows a typical system for detecting infrared radiation process

along with the brief description of each module.
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Infrared Transmission | Optical Detector Signal
— : — — — i
Source Medium Component Processing

Figure 3-14: Typical system for detecting infrared radiation process

1. Infrared Source

All objects above 0 K radiate infrared energy and hence are infrared sources. Infrared sources
also include blackbody radiators, tungsten lamps, silicon carbide, and various others. For
active IR sensors, infrared Lasers and LEDs of specific IR wavelengths are used as IR

sources.
2. Transmission Medium

Three principle types of transmission medium used for Infrared transmission are vacuum, the

atmosphere, and optical fibers.

The transmission of IR — radiation is affected by the presence of CO2, water vapor and other
constituents in the air. Due to absorption by molecules of water, carbon dioxide, ozone, etc.
the atmosphere highly attenuates most IR wavelengths leaving some important IR windows
in the electromagnetic spectrum; these are mainly applied by thermal imaging/ remote

sensing applications.

® Medium wave IR (MWIR: 3-5 pm).
° Long wave IR (LWIR: 8-14 pm)

Transmimpon

°

Bt aj as 0% g

Wavelengzih in Micrometers, m

L]

Figure 3-15 Transmission medium for IR [Source, courtesy: www.inpechopen.com|

Choice of IR band or a specific wavelength is dictated by the technical demands of a specific

application.
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3. Optical Components.

Often optical components arc needed 1o converge or focus infrared radiations, to limit
spectral response, cte. To converge locus radiations, optical lenses made of quartz, Cal2, Ge
and Si, polycthylenc Fresnel lenscs, and mirrors made by Al. Au or a similar material are
applied. For limiting spectral responses, bandpass filters are applied. Choppers are used (o

pass/ interrupt the IR beams.

4. Infrared detectors.

Various types of detectors are used in IR sensors. Important specifications of detectors are
o Photosensitivity or Responsivity

Responsivity is the Output Voltage Current per watt of incident energy.
o Noisc Equivalent Power (NEP)

NEP represents detection ability of a detector and is the amount of incident light equal to the

intrinsic noisc level of a detector.
° Detectivity (D*: D-Star)

D* is the photosensitivity per unit area of a detector. It is a measure of the $/N ratio of a

detector. D* is inversely proportional to NEP. Larger D* indicales belter sensing clement,

In addition, wavelength region or temperature (0 be measured, response time, cooling
mcechanism, aclive arca, no of clements, package, lincarity, stability, (emperature
characieristics. cle. arc important parameters which need atlention while selecting IR

detectors.
5. Signal Processing

Since detector outputs are typically very small, Preamplifiers with associated circuitry arc

used to further process the received signals.
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Figure 3-16: LEDs for IR emission [Source, courtesy: www.ledinside.com]

3.8.6 Relay Switch

A relay is simply an electrically operated switch. Many relays use an electromagnet to
operate a switching mechanism mechanically, but other operating principles are likewise
applied. Relays are used where it is necessary to hold a circuit by a low-power signal (with
complete electrical isolation between control and controlled circuits), or where several
circuits must be held by one signal. The first relays were used in long
distance telegraph circuits, repeating the signal coming from one circuit and re-transmitting it
to another. Relays were used extensively in telephone exchanges and early computers to

execute logical operations.

A type of relay that can handle the high power required to directly control an electric motor
or other loads is called a contactor. Solid-state relays control power circuits with no moving
parts instead of using a semiconductor device to perform switching. Relays with calibrated
operating characteristics and sometimes multiple operating coils are applied to protect

electrical circuits from overload or faults; in innovative electric power systems these

functions are executed by digital instruments still called "protective relays".

A simple electromagnetic relay consists of a roll of wire wrapped around a soft iron core, an
iron yoke which provides a low reluctance path for magnetic flux, a movable iron armature,
and one or more sets of contacts (there are two in the relay pictured). The armature js hinged
to the yoke and mechanically connected to one or more sets of moving contacts. It is kept in
position by a spring so that when the relay is de-energized there is an air gap in the magnetic
circle. In this condition, one of the two sets of contacts in the relay pictured is closed, and the

other set is open. Other relays may have more or fewer sets of contacts depending on their
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purpose. The relay in the picture also has a wire connecting the armature to the yoke. This
assures continuity of the circle between the moving contacts on the armature, and the circuit

track on the printed circuit board (PCB) via the yoke, which is soldered to the PCB.

When an electric flow is run through the coil it generates a magnetic field that activates the
armature and the resultant move of the movable contact either makes or breaks (depending
upon construction) a connection with a fixed contact. If the set of contacts was closed when
the relay was de-energized, then the move opens the contacts and breaks the connection, and
vice versa if the contacts were open. When the current to the coil is switched off, the
armature is returned by a force, approximately half as strong as the magnetic force, to its
relaxed position. Usually this force is provided by a spring, but gravity is also used
commonly in industrial motor starters. Most relays are constructed to work quickly. In a low-
voltage application this reduces noise; in a high potential or current application it reduces
arcing. When the coil is energized with direct current, a diode is often placed across the coil
to dissipate the energy from the collapsing magnetic field at deactivation, which would
otherwise generate a voltage spike dangerous to semiconductor circuit components. Some
automotive relays include a diode inside the relay case. Alternatively, a contact protection
network consisting of a capacitor and resistor in series may absorb the surge. If the coil is
designed to be energized by alternating current (AC), a small copper "shading ring" can be

crimped to the end of the solenoid, creating a small out-of-phase current which increases the

minimum pull on the armature during the AC cycle.

Figure 3-17: Relay Switch including internal look [Source, courtesy: www.allspectrum.com]
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3.8.7 LM358

The LM158 series consists of two independent, high gains; internally frequency compensated
operational amplifiers which were designed specifically to operate over a wide range of pA-
essentially an Independent of Supply voltage. Operation from split power supplies is too
independent of the magnitude of the power supply voltage. Application areas include
transducer amplifiers, DC gain blocks and all the conventional op amp circuit. For instance,
the LM158series can be directly operated off of the standard+5V power supply voltage which
is utilized in digital systems and will easily provide the required interface electronics without

requiring the additional +15V power supplies.

(TOP VIEW)

Figure 3-18: LM358 external look and pin configuration [Source, courtesy: www.protostack.com]

3.8.8 MAX232

The MAX232 is an IC, first produced in 1987 by Maxim Integrated Products, that converts
signals from an RS-232 serial port to signals suitable for use in TTL compatible digital logic
circuits. The MAX232 is a dual driver/receiver and typically converts the RX, TX, CTS and
RTS signals.

The drivers provide RS-232 voltage level outputs (approx. +7.5V) from a single + 5V
supply via on-chip charge pumpsand external capacitors. This makes it useful for
implementing RS-232 in devices that otherwise do not need any voltages outside the 0 V to +
5 V range, as power supply design does not need to be made more complicated just for
driving the RS-232 in this instance. The receivers reduce RS-232 inputs (which may be as
high as + 25 V) to standard 5 V TTL levels. These receivers have a typical threshold of 1.3 V,
and a typical hysteresis of 0.5 V.
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The MAX232 (A) has two receivers (converts from RS-232 to TTL voltage levels), and two
drivers (convert from TTL logic to RS-232 voltage levels). This implies only two of the RS-
232 signals can be converted in each direction. Typically, a couplet of a driver/receiver of the
MAX232 is used for TX and RX signals, and the second one for CTS and RTS signals.

There are not enough drivers/receivers in the MAX232 to also connect the DTR, DSR, and
DCD signals. Normally these signals can be omitted when €.g. communicating with a PC's
serial interface. If the DTE really requires these signals, either a second MAX232 is needed,
or some other IC from the MAX232 family can be utilized. Likewise, it is possible to directly
wire DTR (DB9 pin #4) to DSR (DB9 pin #6) without passing through any circuitry. This

gives automatic (brain dead) DSR acknowledgment of an incoming DTR signal.

Figure 3-19: MAX232 Pin configuration with external outlook [Source, courtesy:

store.extremeelectronics.co.in]

3.9 Overall Software Description

3.9.1 MATLAB Version 7.3 (R2011b) Image processing toolbox
Image Processing Toolbox which is a part of MATLAB software provides a complete
set of reference-standard algorithms and graphical tools for image processing,
analysis, visualization, and algorithm development. It assists in performing the
techniques of image enhancement, image de-blurring, feature detection, noise
reduction, filtering, morphology, image segmentation, spatial transformations, and
image registration. Multithreaded functions are useable in the toolbox to take the

benefit of multi-core and multiprocessor computers.
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A multitude of image types is supporicd by this toolbox not just limited to high
dynamic range, Giga-pixcl resolution, ICC-compliant color, and tomographic images.
The graphical tools and the algorithms can be utilized in the exploration of an imagc,
examine a region of pixels, contrast adjustment, contours or histogram creation, and
manipulation of regions of interest (ROIs), restoration of degraded images, detection
and mcasurcment of fcaturcs, shapc and texture analysis, and color balance

adjustment,

The Image Processing Toolbox software is an aggregation of functions that draw out
the capacity of the MATLAB numcric computing cnvironment. The toolbox supports
a full range of imagc proccssing operations, including:

1. Image transforms, FFT, DCT, Radon, and fan-beam projection

2. Workflows for processing, displaying, and navigating arbitrarily large images

3. Multidimensional image processing
4

Image-scquence and vidco display

Many of the toolbox functions are MATLAB files with a series of MATLAB statements that

implement specialized image processing algorithms.

3.9.2  PICKit2 (Programmer/Debugger):
PICkit2 Debug Express interacts with MPLAB IDE which is required for the Debug
Express to allow in-circuit dcbugging on specitic PICmicro microcontroller units
(MCUs). In-circuit debugging means that the designer is allowed to execute examine
debug and modify the program while the PICmicro MCU is still embedded in the
hardwarc. This permits the programmer (o dcbug the sofiwarc and thc hardwarc
together at the same time instcad of debugging the program scparatcly and then
accomplishing it in the PIC microcontroller. Referable to the use of MPLAB IDE the
program can be run, stopped, and single-stepped. One breakpoint can also be set and
the processor can be reset. Register contents can be examined and modified when the

proccessor is stopped.
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Features

o PICKit2 Development Programmer and Debugger

* 44-pin demo board with PICI6F887 Midrange Peripheral Interface Controller
microcontroller

« No additional hardwarc is required for the dircct debugging of PIC16F887.

 For a complete code development environment microchip’s MPLAB IDE software is
utilized.

e The programming of Microchip’s Flash family of microcontrollers has an easy to use
Windows programming interface.

» UART Tool software for direct scrial communications with a microcontroller RX/TX
pins through the PICKkit2.

* A 3-channel logic analyzer along with logic signal stimulus and monitoring is
contained in the Logic Tool software.

e Allows programming without a PC.

3.10 Proposed System

The figure shows the block diagram of CBCS. This is the basic proposed model for the
development of CBCS. The various components used in the project have its own importance

and working. Each of these components will be described in detail in the upcoming chapter.
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Figure 3-20: Proposed block diagram of the overall system
The microcontroller is the heart of the entire system. The microcontroller used here is a PIC
series 16f887. The PIC16f887 is one of the latest products from Microchip. 1t features all the
components which modern microcontrollers normally have. For its low price, wide range of
application, high quality and easy availability, it is an ideal solution in applications such as:
the control of different processes in industry, machine control devices, measurement of

different values etc.

The microcontroller is connected to the infrared sensor for the detection of the coin. For the
detection of coin in the holder, the microcontroller will allow the coin holder to bring coin in

front of a camera to capture the image. The captured image is processed and sent to the
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computer that further processing of the image and sends information back to the processor as
how much time the phonc/gadget has to be charged. The connection between microcontroller
and computer is a two way proccss. The servo motor is used in the system, is also connccted

to the controller, for the movement of the coin holder arm.

Components/Hardware used for the development of complete system is enlisted as below:
= Liquid crystal display (LCD) /LED
* Microcontroller
= Servo motor
= Camcra
® Infrared sensor
= Relay switch
* Computer
= LM358
* MAX 232

3.10.1 Modules

1. Infrared (IR) Sensors for detection of coin in the coin-holder: IR Scnsors work
by using a definite light sensor, to detect a specific light wavelength in the Infra-Red
(IR) spectrum. By using an LED, which can produce light at the same wavelength as
what the scnsor is optimized for, and also cvaluates the intensity of (he light
reccived. When an object is closc to the sensor, the light emitted from the LED
reflects back from the object into the light sensors. This result in a large change in
the intensity received, which is equivalent to the threshold value of the sensors. On
receiving toned intensity of the light reflected, indicated the presence of coin within
the holder.

2. Servo motor control: On detecting that something has been placed in the COIN-
HOLDER, motor moves it towards the camera. The camera sends snaps to
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MATLAB, which dctccts the coin and instructs Microcontroller via USART, to
control the charging facility and other opcrations. This project uscs a DC Motor
whosc shaft controls a COIN-IIOLDER. The camera is placed to capture the image
of the coin and indicate its amount. It will immediately capture the image and send
the information to the microcontroller for further processing. The controller will
perform the image processing with the help of MATLAB [unctions and check for the
duration of charging.

3. Detection of the value of the coin by thc camera using image processing: The
coin is recognized efficiently by Image Processing technique and thus avoids the risk
of misuse by placing some metal coin like rounded objcct. On detection of valuc of
coin using image processing technique, the power supply will be on for a fixed
duration. Time Lcft is shown on an LCD by the microcontrollcr. If a user wants to
continue the charging one can place another coin before the charging time ends. On
last moments of charging period, the system generates a beep sound to notify the
uscr and displays the message on the LCD.

4. Power supply control by the controller: Aftcr detecting the coin, the system starts
(Switch On) the charging slot for a fix period of time e.g. 5 Min. for One Rupee Coin
and 12 Min. in case of Two Rupee Coin. The overall supply of power will be
controlled by the microcontroller.

3.11 Summary

This chapter introduces the main stages of the development of the project. A general
description about the hardware and sofiwarc is supplicd along with the detailed analysis of
requirements. Also a general proposed sysicm has been provided along with the basic
information about the related modules. The next chapter not only provides an in depth
implementation of all the stages explained above, but also the relevant algorithm used for the

excculion.
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Chapter 4
IMPLEMENTATION & VALIDATION

e Introduction
e Implementation Stages

e Validation
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" 4. IMPLEMENTATION & VALIDATION

4.1 Introduction

In this chapter, a description about the implementations of the design strategies chosen in
previous scctions is being discussed. There arc total four stages, Circuit designs & PCB
layout, Assembling, Software and calculating the valuc of coin as discussed in the previous

chapter. The validation will be discussed at the end of this chapter.

4.2 Implementation Stages

4.2.1 Circuit designing & PCB layout

In this stage, the implementation was done in following manner:

» Firstly, a circuit was designed alter a bricl study on diffcrent components requircd
(requircment analysis), their functionality and literature survey.

As discussed in the previous chapter, initially circuit designing was complcted, using a

simulator tool, and a rough idea of the overall system was generated. The figure given below

shows the simulated circuit design of the CBCS.

» Sccondly, according to the circuitry design, PCB layout was preparcd.

PCBs are used in all but the simplest electronics products. PCBs require the additional design
effort to lay out the circuit, but manufacturing and assembly can be automated.
Manufacturing circuit with PCBs is chcaper and faster than other wiring mcthods as

component are mounted and wircd on onc single part.

50



Implementation & Validation

A1 ons

3

p—fm
) i
18]

A

s
B

{
f v
i 0 !
il o [ ; o
j :§ ’ —3” O ke
* T Bt
i " S
j o ) =
? ' 3 '
|-J i —, | T
L e e 3 A0 %y o
- "m'i = == iT
T muanicanr Ko [ s ::g
] [ryevesi b} g [
; =
_! ] messear i _1m—
o o RSO T . ot
4t I | l:mum : = =
_L o 2 o u"g
e 3 Mmoo m g =
amera To Laptop Interfacing _[ R L= i -]t — 4
For Coin identify 3 mswoms e
2 msvarcx ‘
€5 = P
(o e J 1
T i =
o TE T "M 11
8 g SR T
o
AL
ae [ o
rorpT A
o 19
B
@

4.2.2 Assembling

»

Figure 4-1: Circuit design of the system

After completing implementation of stage 1, next is to assemble all the components

according to the circuit and PCB design. Hardware components used for this project is

cheap in cost and with not much of best quality, initially, but the system can be upgraded

later on.

Every assembled unit tested individually and also after integrating each unit together.

Testing was required because the simulated circuit is in ideal condition, but this is not

possible when the circuit works actually in a non-simulated (physical) environment.

After the assembling of the circuit and testing, if all the components were in perfect

working order, then the assembly level program is loaded onto the microcontroller.

Once the program is loaded, the microcontroller is taken for a test run where the

integration of the software and the hardware is teats out. This helps in removing any
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minor bugs present duc to the calibration of the hardwarc and minor changes in the
program nced to be made to confirm that the correct signal is being passed through the
correct port.

4.2.3 Code Implementation

4.2.3.1 MATLAB code (Image processing toolbox)

The following algorithm (set_parameter) is uscd to sct and conlirm the threshold parameters

for one rupcc and two rupec coin.
Algorithm:

1. Set the lower and upper limit for image of a one rupcce coin.
2. Set the lower and upper limit for image of a two rupee coin

Capture 1mage from an infinitc input loop through thc camera

a. For five continues image captures do the following:

i. Convert the rgb image to gray scale image and separate the background
from the region of intcrest (ROI).

b. Check between which limits the average valuc of all five images lics
between- the upper and lower limit of either one rupee coin or two rupee
coin.

c. Bascd on which ever threshold interval the average value lies display the
valuc of that coin.

4. At the end stop the video input.

The following algorithm (run_coin_detection) is used to identify the coin in the image

captured and provide appropriate information to the microcontroller.

Algorithm:

1. Start a scrial communication between the computing device and the
microcontroller.
2. The port used for this communication can be set by the user and is constantly
open.
3. Capturc image from an infinite input loop through the camera
a. For five continucs image capturcs do the following:
i. Convert the rgb image to gray scale image and scparate the

background from the region of interest (ROI).
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b. Check between which limits the average value of all five images lics
between- the upper and lower limit of cither onc rupee coin or two rupce
coin. |

¢. Based on which ever threshold interval the average value lies send the
appropriate information through the open serial communication port and

display the valuc of the coin recognized.

4. At the end stop the video and close the opened scrial COM port.

4.2.3.2 C language code (PICKit2 tool)

The following algorithm is used to control the overall circuit working by the microcontroller

according to the information gained by the MATLAB codc

Algorithm:

Initiate USART communication

While (1) < infinite loop
{

Check if a coin is detected through IR

{

On odd count valucd of a counter, call scrvo () with a delay and sct
coin indicator as truc.

}
If coin indicator is true
¢

Check if USART is dala rcady

Receive pattern from the scrial communication port

If no pattern detected, call servo reverse ()

Il pattern for Re. 1 is detected, call servofcll (), dclay 4000ms,
scrvoreverse ()

If pattern for Rs. 2 coin is detected servofell (), delay 8000ms,

scrvoreverse ()

}
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4.2.3.3 Flowchart for hardware working via microcontroller

NO
v
Initialize servotest
4 YES »
Initialize l_JSART Pattern = usartrecad ()
communication

1 ‘,

Usartwritc (pattcrn)

————3] While (1)

A

NO NO
If port b.f=0
& status = 0 YES YES
Servoreverse () Scrvofcll (),  dclay
4000ms, scrvorcversc ()
Increment k J,
Status =0
If pattern
—NQ__ =116
YES
YES
Servo ()
Servofell (), delay
! 8000ms, servoreverse ()

l Status = 1

YES

If status
=1

Figure 4-2: Flowchart of the microcontroller
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4.24 Calculating the value of coin and power supply

After the implementation of all three stages mentioned above, the final run of the project is
being performed. At this final stage generated code was run and hence the value of the coin,
which is inserted by the user, is being identified by the MATLAB code. This information is

transmitted to the microcontroller and controller switches on the power supply accordingly.

Power supply depends on the value of the coin, i.e. if the value of coin Re. 1 then the supply
will be on for 5 seconds and for Rs.2, supply will be on for 10 seconds (according to the

current algorithm, it can be modificd according 1o the requircment).

The power supply will be provided by the battery connected in the systcm and this battcry

will be charged continuously by the solar panel appended to the system.

4.3 Validation
There are numerous points to watch out in the implementation. Lets us discuss one by one.

Firstly, the hardware and software used for the development of this project is of lower cost
and of good quality which reduces the implementation cost of the overall system. Also the
sizc of the system is too compact thercforc onc can casily take the system from onc placc to

another,

Sccondly, a proper threshold rangc is spccificd for the detection of valuc of coin insericd by
the user and bridging of MATLAB and microcontroller (and other hardwarc) is working as
required. Lastly, the solar energy is used for the working of this system, hence providing the
emergency power supply to the user without much requirement of conventional sources of

encrgy.
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Chapter 5
TESTING

¢ Introduction
e Test Plan

¢ Discussion of the test result
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5. TESTING

5.1 Introduction

In this chapter, we will discuss the testing of the program and hardwarc that implemented in
chapter 4. We will only use black box testing, because during the implementation stage, the
insides of each function had been tested. So the test plan was divided by four steps, the initial
selting up for the hardware, Working of MATLAB codc to find the valuc of the coin,

Responsc of a microcontroller for power supply and Working of Solar pancl.

5.2 Test Plan

The test plan was designed duc to the deveclopment strategy, we discussed in chapter 3.
According 1o that strategy, the hardwarc should be assembled together according to the
circuit designed and PCB layout and then thc samc is being integrated with the
software/algorithm designed for the working of the complete system. Because of unidentified
variables and various physical obstacles (quality, human error, circuit performance and so on)
it is quite possible that the performance ol the rcal circuit design may vary as comparc (o
simulated circuit. A similar phcnomenon may also happen during the process of hardware &
software acclimatization. Hence the working of an algorithm designed, at real time, must be
tested along with the hardware. And also according to the working conditions we set for the
program in section 3.2.2, a pilot run of the assecmbly (CBCS) is requisitc to check its

functionality and performance. So, the test plan was classificd by four steps as below.

3.2.1 Initial sctup of the system

Complete integration of hardware is done in the assembling stage of the system. The figure

given below shows the integrated system.

* First image shows the overall setup of the system. Computational device is connected

for the program run and the rest of the images show the front end of the system.

* Second image shows the internal integrated circuit assembled during the

implementation of the wholc system.

Hence during the testing phase, complete setup of the CBCS is arranged to proceed further.
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Figure 5-2: Internal circuit of the system

5.2.2 Servomotor control

In this phase of testing, movement of a servo motor is being tested. Working of servo motor
iS shown in the images below. Programmed functions, i.e. servotest (), servoreverse 0,

servofell () are used to control the movement of servo motor arms as shown.
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As described earlier, servomotor is being controlled by microcontroller, depending on the
working phases of the system. Initially, when no coin is been inserted, servomotor and its

connected arm (as shown in image) is at neural position.

Figure 5-3: Initial stage of servomotor and arm

Image shown below shows the second phase of the servomotor i.e. on the detection of
some material inside the coin-holder, IR rays are reflected back and hence arm takes the

coin in front of the camera for further processing.
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Figure 5-4: Second stage of servomotor and arm after insertion of Coin

° Now, during the second phase of servomotor, if MATLAB code verifies that the object
inserted inside the coin-holder is a coin, then it will calculates the value of coin and
commands the microcontroller for next step, else controller will call servoreverse().
Image shows below the third and the final phase of the servomotor arm. At this stage,
servofell () is being called by the controller and the coin inside the holder will be dropped

inside the container, as shown. And finally, the arm will move at the initial position for

next process.
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Figure 5-5: Final stage of servomotor and arm

5.2.3 Detecting value of the coin by the camera

MATLAB code is written to detect the value of the coin. This is performed 'by the image
processing technique. Here initially threshold range matching technique is being used.

Following figure shows the working of MATLAB code and its output obtained during its run.

Before inserting the coin, the valued portion of the coin is being darkened by the black ink (as

mentioned in limitation). Thus the image of the tested coins is shown below.
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Figure 5-6: Coins used for testing the system

First image shows that, while the image captured by the camera at real time, MATLAB
code will matches its threshold range, set initially, and hence displays the value of the
coin as two (as shown) and send command to the microcontroller to work further

accordingly.
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Figure 5-7: Detection of value of the coin via MATLAB for rupees two.

* Image shown below clearly shows that image capture by the camera is of rupee one and

MATLAB code also displays one on the command screen after matching its threshold

value as programmed initially.
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5.2.4 Power supply output

After complete testing of above three stages, the final output of the system is being checked.

Hence the result obtained was, according to the plan.

° After the completion above testing phases, the results obtained is as shown in the
below images. The violet color LED is blinked which indicates that the output supply
via battery is being switched on by the microcontroller every time for the limited
period of time (as per the implementation of algorithm) based on the value of coin
inserted by the user. Thus, the objective, which is being initially set, is being

achieved.

Figure 5-9: Violet LED blinks indicates the output of the system
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Figure 5-10: Violet LED blinks indicates the output obtained

5.3 Discussion of the test result

The results of the testing phase were satisfying due to the goals that set in the starting
sections. Each unit/stage was working as planned and the output obtained was correct as
programmed. However, because of various limitations of the project, it could not possible to
Sct a global threshold that could be used for every coin of the same value. Also, initially, coin
is needed to be dark by the marker so that the camera can detect the value of the coin more
casily. This can be enhanced later by replacing high quality camera. But as per the physical
setup conditions decided and other requirement analysis study, the output obtained was quite

satisfied and hence the working of the system fulfills the objective of the project.
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Chapter 6
REVIEW & RESULTS

e What went well and why?

o Limitation of the system

® What can be improved and how?
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6. REVIEW & RESULTS

6.1 What went well & why?

The testing executed as described in the previous section shows that the system has the ability
to recognize the value of the coin inscricd and it allows power supply (or a limited period of
time, based upon the value of the coin. Ilence, it cnables the uscr to charge their gadgcet in
case of emergency. Also, the system is able to detect whether a coin is inserted or not hence,
it can’t be fooled by any othier metallic object. The main goal of this project was satisfactorily
achieved. However, the system works fine for the testing state because working conditions
were alrcady being set for both the system and input. The reason for doing so was discussed

in chapter 3.

In reality there arc a multitude of conditions for the identification of the value of the coin, as
the same valued coin has various different types of patterns printed on it, the shape and sizce
of the coin could also vary according to the position of the camera that captures the coins as
Wwas mentioned in section 3.2. So the camera that is utilized to capture the coins was fixed.
And also becausc there are relative crrors in the assembling of the hardware and designing of
thc algorithm according to the valuc of the threshold 01105011, and these crrors could not be
eliminated due to the nature of method used in this project. As the position of the camera was
fixed, the threshold range of the coins needs to be set up at the beginning of the program in
order to reduce the program running time. The other problem of this project has bcen

discussed in scction 5.3, which will not be discussed here again,

As discusscd carlicr, at the beginning of the scction, the performance of the program was

really substantial under the conditions discussed above.

6.2 Limitations of the system

Every existing and ncwly developed system has few limitations as no system can be 100,

perfect. Similarly, this developed system has few limitations, among which some of them are

discussed as below.

I. Requirement of a high resolution camera: Currcntly, the camera used in this project is
a low resolution camera duc to which the resultant image captured is less accurate for
detection of the coin’s pattern.

2. Coin should be inserted in such a manncr that valuc of the coin has to have its front side

facing towards the camera.
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3. There is a nced to darken or mark the valuc written on the coin so as to cnable the camera
for casy rccognition.

6.3 What can be improved and how?

There are somce arcas of the current system that can be improved.

e Use of high resolution camera (20 mega pixels or more) can be used to identify the
valuc of the coin.

¢ Betler physical conditions for the system to improve the overall working of the
system in its entircty.

e An algorithm nceds to be devised which is able to identily the valuc writicn upon the
coin when cither sides of it [aces the camera (i.c. cither by heads or via tails facc).

¢ Other image processing techniques can be applicd to recognize the value of coin
under diffcrent environmental conditions.

¢ Instead of a blinking LED as an indicator for the period of charging of the gadget, an
LCD can be attached. This LCD would act as a countdown timer letting the customer
know how much time of charging is still pcnding.

* Conncction of a buzzer which intimates the user when the charging period is about to
finish with cnough time left so that in casc the user wants to insert another coin to

extend the period of charging, he is free to do so.

There arc a few more hardwarc changes that can be implemented to increasc the overall

system’s quality and performance.

68



Chapter 7
WORKING SCREEN SHOTS

e Hardware screen shots

e Algorithm screen shots
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7. WORKING SCREEN SHOTS

Below images shows the overall developed system and the output obtained.

7.1 Hardware screen shots

Figure 7-2: Complete Hardware setup (2)
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Figure 7-3: Green LED blinks shows system is working fine

7.2 Algorithm screen shots
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8. CONCLUTION & FUTURE SCOPE

8.1 Conclusion

In entirety it can be said that overall the project developed was able to achieve the main
targets that were sci in the beginning. Duc to the presence of numerous sub goals that necded
to be achicved like, detection of the valuc on the coin, the used of embedded systems, image

processing etc, it was difficult to identify the point of origin from where the project could be

started off.

After reading the related articles, literatures and analysis of a few similar projects, the current
design strategy was chosen. Differentiating the projects that had been implemented in the
same ficld, a ncw approach to recognize the coin’s value was chosen. Bridging of two
different arcas viz, embedded system and image proccssing was quite an informative task.
Various development stages were planncd and finally thc whole system was designed and
implemented to achieve the final objective as decided initially. Even though the program only

worked well under the stated conditions that were set up at the beginning, the running time
was quite satjsficd.

In this projcct, a novel method of charging mobilc/gadgets batterics of diflerent

manufacturers using solar powcr has been designed for rural and remote arcas where the
Power supply is not available all the timc. This project will be extremely helpful in today’s

life. Because now-a-days, the communication through mobilcs and other portable devices
. <l —~d- H

(laptops, tablets and so on) is widely in use and their market is currently at the peak. But

. " i sessary charger along with him/her. When an
Cvery time a person cannot carry the entirc nccessary g g

individual gocs out on long travel or unplanncd travel, onc may [orget to charge or carry the
charger along. Under such a scenario, duc to dcad battery onc’s work may get interrupted and

may suffer 4 Jot. So to overcome this situation, an effective and useful idea was implemented
suffer a lot.

thug developing this system. This is quite cost effective, portable and easy to install.

While the system is active, it is able to detect when an original coin is placed in the coin

holder. [t doesn’( react when anything other than a coin is placed in the holder. Once the coin

is Successfully detected, the holder promptly movcs the coin towards thc mounted camcra.
3

The Algorithm successfully identifics the valuc on the coin based on the image input from the

“mera and send appropriate information to the microcontroller.
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The microcontroller on receipt of the information explicitly jumps over to the correct
subroutinc and passcs on various instructions (hat relatc to the movement of the holder, the

blinking of the LED and the active current charge for the charging of the gadget.

8.2 Future Scope

Duc (o the presence of few limitations, as discusscd in previous scction, there is nced of
various cnhancements which lcads to the futurc scope of the project. This projcct lcads to.
study on various image processing and embedded systems techniques which can help in
improvement in working conditions of present system. More work is required on coin
detection and identification of its value. After the complete improvements in this project onc

Can commercializc it for the public usc.

Sccondly, this project can be cnhanced up to the Ievel of paper nolc basced system. Coins and
Papcer notes arc cqually in usc; hence this project can be cnhanced and developed by using
identification techniques for paper currency. Various paper note identification and

recognition techniques are available using image processing and ANN, which can be applied

on this projcct.

8.2.1 Proposed model for paper currency based system:

Paper-Noto & Coin alacine Unit Image processing technique for
r- ni . . ) .
per-Note o1n placing detection and identification of
currency
v
Camcra - ; . Y
Signal Processing Unit Microcontroller
\ A
Currency Collcctor LCD indicator <
| Output

Figure 8-1: Proposed model for future enhancement

The above block diagram indicates how the current system can be upgraded by using coin as

Well as paper currency.
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