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Abstract 

===================================== 

The Coin Exchange Machine is designed to provide its users with either paper banknotes 

or coins in exchange of the amount of money they inputted.  This project aims to provide 

efficiency for people when they need change either it be in the form of coins or smaller paper 

bills. The reason behind creating this project was that people were having difficulties in finding 

change to use in places that require them such as parking, malls, and vending machines.  The 

way our project works is that the user has the option to input banknotes ranging from 20 KD to 1 

KD after that he/she will be able to choose the type of change they desire, the type of change to 

choose from include 1KD, ½ KD, ¼ KD, 100 fils, and 50 fils. In this report the Coin Exchange 

Machine is introduced. The problem statement, solution, idea development, goals, objectives, 

project SWOT analysis, and team SWOT analysis are discussed.  The reports include a litterateur 

review chapter that discusses previous projects similar to our project as well as some of the 

methods that are used in money exchange machines. Also, the report includes a design and 

analysis chapter that covers the design of the project and the components required to create this 

project it also includes a comparison table for each of the components to decide what is the best 

option to use.  In addition, the report includes a chapter about the implementation of the projects. 

A chapter about evaluation was in need to see how the people would respond to our project.  
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1. INTRODUCTION 

Although cash is barely used nowadays, many places require it. People today got used to the fact 

of being credit card holders, that they forgot bank notes and coins exist. Of course, once they are put into 

a situation where all they can use is cash, he or she will realize it’s importance. Many venues also 

specifically only accept coins or small bill notes, such as, arcades, parking lots, and vending machines. It 

may sound very inconvenient to not be able to use any source of payment one desires, but everyone has to 

accept that fact and need to be able to deal with it. Until today, many people are unable to solve this 

problem and end up being in a situation where a credit card or large bill notes is the only money he or she 

may be carrying.  

Upcoming next, the following parts will be discussed, which are, problem statement, the solution 

behind this problem, and idea development. It also states the goals of the project, Coin Exchange 

Machine, its objectives, project and team’s SWOT (Strength, Weakness, opportunities, and threats) 

analysis. As for the conclusion, a brief description will be provided to show the contents of the project’s 

report. 

1.1 PROBLEM STATEMENT 

As known, many people are put in situations where he or she is required to use either coins or 

small bill notes but all he or she can provide would be a credit card or large bill notes. Although requiring 

coins or small bill notes can be very inconvenient, until today, many venues here in Kuwait follow and 

apply it. Places that do so are visited by a huge amount of people every day, such as, parking lots, vending 

machines, and arcades. Taking the parking lot as an example, all parking lots in Kuwait require a cash 

amount that vary from 150 Fils to 1 KD. Parking lots are used every day whether for shopping malls or 

even work places. The fact that a person should be able to provide coins or small bill notes on a daily 

basis can be very difficult since coins can be heavy to carry and take up a lot of space of one’s wallet. As 

for small bill notes, each and every person will have shortage on carrying since even withdrawing cash 

from a bank does not provide any less notes than 10 KD. This is a problem many people face each and 

every day. 
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1.2 SOLUTION 

To solve and get rid of this problem, a Coin Exchange Machine is a modern technology that will 

support that. The Coin Exchange Machine is a machine that will exchange your large bill notes to either 

smaller ones or coins, possibly both based on your desire. This machine will help people on a daily basis 

since as mentioned before, majority of people are always short on coins or small bill notes, sometimes 

cash in general. It will be very beneficial in many places such as parking lots, malls, universities, or even 

next to an ATM machine. It is guaranteed that a huge amount of people will be very thankful for this 

machine. Having this machine will help people avoid any unpleasant situations they have been put in 

before.  

1.3 IDEA DEVELOPMENT 

As senior engineering students, Saba Al-Asqah, Noura Al-Ajmi, Mariam Al-Yehya, and 

Abdulaziz Al-Dulaimi, the idea of a Coin exchange machine has been chosen for our capstone project. It 

all started based on searching for a project that can be used by people around us on a daily basis and also 

something for people to rely on. After some research, we came up with the idea of a Coin Exchange 

Machine. A Coin Exchange Machine is a machine that will exchange one’s large bill notes to either 

smaller ones or to coins. Of course, both is possible too. This machine will be able to satisfy many 

people’s needs and is very convenient.  

1.4 GOALS 

Below are listed goals to accomplish by the time our project is finalized: 

▪ To recognize a paper banknote using a photo resistor that enters the information into the 

micro controller, once identified, it then prints it on the mobile’s screen.  

▪ To make the movement of the banknotes in and out flow smoothly using a DC motor. 

▪ To store coins in an easy fashion that would make the process of outputting them 

efficient. 

1.5 OBJECTIVES 

Below are listed objectives to accomplish and analyze by the time our project is finalized: 

▪ Save people the hassle of carrying a heavy wallet filled with coins and bulky cash  

▪ To make coins and smaller bills available for whenever people are in need for them.  
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1.6 SWOT ANALYSIS 

SWOT stands for strengths, weaknesses, opportunities, and threats. Two tables will be listed, one 

to provide the SWOT analysis of the project and the other to provide the SWOT analysis of the team.  

Project: 

Table 1.1. Project SWOT analysis 

Strengths 

- Many venues in Kuwait require change 

(small bill notes and cash). 

- ATM machines do not provide small bills. 

- Convenient 

- Less time consuming 

Weaknesses 

- This project is time consuming  

- Required components are expensive 

Opportunities 

- Barely provided in Kuwait 

- A lot of places require change 

- Many public places will want to have it 

provided in their venues.  

 

Threats 

- The risk of money getting stuck and 

causing a jam in the machine.  

- The machine might run out of certain 

banknotes quicker than others  

 

Team: 

Table 1.2. Team SWOT analysis 

Strengths 

- Engineering Students 

- Teamwork 

- Background information about the project 

Weaknesses 

- Dealt with new ideas to implement on the 

project 

Opportunities 

- Knowledge for future reference 

- Building an electrical based machine from 

scratch 

Threats 

- Finding a location to work and build in 

- Different ways of thinking may cause 

arguments. 
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1.7 CONCLUSION 

In conclusion, our project was introduced in detail, listing the problem and its solution, 

objectives, goals, and SWOT analysis. To continue, as required, we will write on work on the 

rest five chapters. The five chapters are titled as literature review, design and analysis, 

implementation, Evaluation, and finally conclusion. For literature review, existing Coin 

Exchange Machines will be discussed and analyzed, listing its pros and cons too. As for the 

following chapter which is design and analysis, the design of the project will be discussed 

showing a basic idea of the machine and how it may look like. Next is implementation, which 

will talk about the implementation of all components used to build this machine. Furthermore, 

the evaluation part will be a study of a survey taken by the public to prove some statists. Finally, 

for the conclusion, a brief discussion will be provided supporting what we reached and generally 

talking about the Coin Exchange Machine project.   
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2. Literature review 

            A literature review is a critical analysis of literature, research, and sources related to a specific 

topic. The purpose of a literature review is to find as much information as possible relating to the topic 

in interest. Furthermore, it is useful in establishing similarities and differences. Also, by performing a 

literature review you will be provided a summery and critical evaluation of the sources you found 

regarding a specific topic. This chapter will focus on all topics related to money exchanging machines 

and similar projects if found.  

2.1 Literature survey 

2.1.1 Currency recognition system using image processing: 

            In this paper, the authors offer a system for automated currency recognition that uses image 

processing techniques. The projected method can be used for distinguishing both the origin or country as 

well as the denominations or value of a given banknote. In their project they have considered only paper 

banknotes. Their method works by first identifying the origin or country using certain predefined areas of 

interest, and then extracting the denomination value using characteristics such as size, color, or text on the 

note itself, depending on how much the notes within the same country differ. They have considered 20 of 

the most dealt currencies, as well as their denominations. Our system can accurately and quickly identify 

test notes. [1] 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Flowchart of the process [1] 
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2.1.2 Simple acoustical signature-based coin validation 

            Coin classification and validation are considered as a problem for vending machines and other similar 

machines that deal with coins. One method to inspect and categorize the coins (often in combination with 

other methods-like optical and electromagnetic sensor signal processing) is the evaluation of the acoustical 

signature of the coin, where the coin is falling against a custom metal part of the coin validator usually in 

the shape of a cylinder or a small plate. This process will then produce sounds and vibrations with special 

time-frequency domain properties. Given that, with the use of frequency and amplitude it was most suitable 

to use values 1-3 maximum resonance peaks of the coin signature to categorize and validate the coins. [2] 

2.1.3 Adaptive-rate inductive impedance-based coin validation 

            Electro-magnetic sensors (eddy current based) are commonly used in vending machines and other 

similar machines since electrical conductivity is a significant physical feature found in coins. The idea of 

using current to receive accurate and fast recognition and validation of coins can be implemented at a 

sensible cost by the using of solely inductive sensors (simple coils). For this method to be implemented on 

a low-power low-cost signal processing platform it requires either a powerful processor and wideband 

precise analogue interface, or alternatively smart signal processing algorithms. In addition, the following 

methods have been projected and assessed in order to achieve improved and smarter signal processing. 

First, for reducing complexity: by using samples of the signal with at least two rates (sparse and dense), 

where the dense samples are used only in the region where coins are detected and mainly recognized “by 

sparse processing” therefor, reducing the computational complexity of Fourier transform greatly to find 

complex impedance on frequencies is proven useful. Second, the number of frequencies is increased in 

order to get a more accurate validation of the coin. [3] 

 

 

 

 

 

 

 

 

Figure 2.2 Eddy sensor [3] 
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2.1.4 Low power implementation of FSM based vending machine on FPGA 

           The main idea of this work was to design a vending machine that will be able to offer numerous 

items such as cold drinks, snacks, and soft drinks to its users. This machine will also have the ability to 

deliver change left from the amount inserted in case it was more that the price of the item selected. In 

addition, a great effort was made to make the machine more power efficient by implementing power 

reduction techniques. They have been able to accomplish that by testing the design at different frequencies 

and analyzing the behavior of the power. The design was implemented and tested using VERILOG HDL 

and XILINX ISE 14.2 targeting XC3S500E FPGA.  [4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3. flowchart of the vending machine [4] 
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2.1.5 A machine vision based automatic system for real time recognition and sorting of Bangladeshi 

bank notes. 

           This paper demonstrates an effective machine vision algorithm for real time image analysis and 

recognition of Bangladeshi bank notes through the usage of an automatic banknote sorting system. This 

algorithm works by recognizing features on the banknote such as denominations, orientation, and the sides 

of the note. The system is implemented by drawing the banknotes one at a time and getting their images 

from specific sides using a CCD sensor. After that, it determines the denomination, orientation and sides of 

the note by analyzing the images grabbed by the sensor. Lastly, it was found that the average recognition 

speed is 8 to 9 bank notes per second and there was a 100% rate of success for the notes not having great 

damage. [5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4. CCD sensor [5] 

Figure2.5. Bangladesh banknote [5] 
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2.1.6 AsahiSeiko CRF-series. 

             We stumbled upon this machine one day when I was getting something from the small supermarket 

at the symphony mall across from AUK. That day I opted to pay in cash, so I handed the cashier 10 KD 

and he instructed me to insert in into the machine shown in figures 1,2. After doing so the machine shown 

in figure 3 started to output some change consisting of coins and smaller bills adding up to my exact change. 

Founded in 1969 by Hiroshi Abe, Asahi Seiko Co. Ltd. (ASC) quickly established itself as a leader in the 

design and development of a broad range of coin handling equipment and related coin mechanisms and 

devices. Adapting to market changes and customer needs, Asahi Seiko expanded rapidly into a full range 

of top tier, precision engineered card handling systems. [6]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6. front view 
Figure 2.7. top view 

Figure 2.8. AsahiSeiko CRF-series 
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2.2 Comparison table 

Table 2.1 comparison table  

Reference ID Topic of paper Contribution to our 

project 

Extra features 

1 Currency recognizing system 

using image processing 

YES depends on color, text, and 

size of the note 

2 Simple acoustical signature-

based coin validation 

NO Uses frequency and vibrations 

to validate and recognize the 

coins 

3 Adaptive-rate inductive 

impedance-based coin 

validation 

NO - Eddy current based 

- Implemented at 

sensible cost 

4 Low power implementation 

of FSM based vending 

machine on FPGA 

YES Made it more power efficient 

by implementing certain 

methods.  

5 A machine vision based 

automatic system for real 

time recognition and sorting 

of Bangladeshi bank notes 

YES - Uses CCD sensors 

- Has 100% rate of no 

damage to the 

banknote 

6 AsahiSeiko CRF-series YES A leader in the design of coin 

handling machines 

 

 

2.3 Conclusion 

            To conclude, this chapter was useful in helping us understand more about our project and how to 

implement it. Even though it was difficult to find projects similar to ours we were able to find various article 

of ways to implement our project.   
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3. Design and Analysis  

This chapter will discuss the architecture of the machine, and the components which are 

used to build up the machine. Moreover, the chapter includes comparison between the different 

components used in the machine with their specification. Also, the reasons for choosing those 

components is discussed. In addition, this chapter will explain the software type that used in the 

machine which is played an essential part to complete its functionality.  

3.1 System Architecture 

The Coin Exchange Machine is designed mainly to accept only a banknote as an input 

and to give coin as an output. Also, there is special case for the output to give either coins or 

banknote if the user inserts high value of currency. Figure 3.1 below shows the architecture of 

the machine, the components which are used to it, and the relationship between the components.   

 

 

 

 

 

 

   

 

 

 

 

 

 

 
Figure 3.1: Block diagram of the machine 
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The machine begins to accept the banknote currency and recognize its value through the sensor. 

After that it shows the value on the screen and the user can select the amount and type of output. 

In the middle of the machine includes the Arduino and other important components which are 

going to be heart of the machine. Moreover, the machine gives the output to user through several 

steps. First, the Arduino will transmit the choice of the user into a signal, and this signal will be 

directed toward specific currency boxes in the machine. At the bottom will be the boxes for the 

output currencies that the machine provides for the users. At the end, stopper motor in each box 

will push the required amount and type of selected currencies which is chosen by the user.   

3.2 Components 

3.2.1 Arduino mega 2560: 

The Arduino Mega 2560 is a microcontroller board based on the aTmega2560. 

It has 54 digital input/output pins (of which 15 can be used as PWM outputs), 16 

analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB 

connection, a power jack, an ICSP header, and a reset button. It contains everything 

needed to support the microcontroller; simply connect it to a computer with a USB 

cable or power it with an AC-to-DC adapter or battery to get started. The Mega 2560 

board is compatible with most shields designed for the Uno and the former boards 

Duemilanove or Diecimila. Figure 3.2 below shows the Arduino mega 2560. 

 

 

 

   

Figure 3.2: The Arduino Mega 2560 

http://www.atmel.com/Images/Atmel-2549-8-bit-AVR-Microcontroller-ATmega640-1280-1281-2560-2561_datasheet.pdf
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Table 3.1 Comparison between Arduino boards 

Item Features Price Selected 

Arduino Mega 2560 Higher number of pins, bigger in 
memory size 

6 KD Yes 

Arduino UNO 
less number of pins, smaller in memory 

size 
3.5 KD No 

 

Arduino Mega 2560 is selected because we need a greater number of pins to connect the 

components. Also, because it has larger size of memory to store more data and faster.  

 3.2.2 Power supply 12V 5A: 

Power supply provides DC voltage to different kinds of devices such as computers, 

printers, and any other devices that contains electronic components. Also, the power supply 

distributes proper DC voltage to each component into the device. There are several types of 

cables with connectors come out of the power supply and comes with different range of voltages 

to match a specific device. In our project a 12 volts power supply with 5 Ampere current is 

enough to feed the machine and make it work properly. In figure 3.3 below shows an image with 

12v 5A power supply. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 Power supply 
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        Table 3.2 Power supply comparison 

Item Features Price Selected 

12v 5A power supply  Provides fixed voltage, and current for 
long time of use 

15 KD Yes 

 Battery 
The voltage and current runout from 

battery after long time of use   
7 KD No 

 

The 12volt 5 A power supply is the better choice for our machine rather than a battery 

with 12volt. Because the efficiency of the battery becomes less after a period of use which will 

affect the speed of the machine and leads to delay. On the other hand, the power supply provides 

fix voltage and current for long time of use which will keep the machine always work quick and 

efficient way.  

3.2.3 Power Adaptor 9V: 

Basically, the adaptor converts main power AC 110-240V AC into a smaller usually DC 

voltage that small device needs to operate. besides that, he adapter is required for charging or 

powering the devices in either circuit or project like for instance our machine. Moreover, in our 

machine we need the power adapter to charge the Arduino. The other reason for choosing the 

power adapter 9v because the machine is stabled in one place. The figure 3.4 below shows an 

image for a 9v power adapter. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure3.4 Power adaptor 
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    Table 3.3 power supply comparison 

Item Features Price Selected 

9v power adapter   fixed power  2 KD Yes 

 Battery    Quick loss of power 3 KD No 

 

The 9v power adapter is chosen because the Arduino works under range between 9 to 12 

volts. Also, lower range of voltage keeps the Arduino save from being damaged through higher 

range of voltage. Moreover, the battery can lose power very fast and couldn’t be charged 

meanwhile the adapter provides fixed power.  

3.2.4 Bread Board: 

The Bread Board is usually used to connect several components on it to build simple or 

small electronic circuits. However, in our case we will use the Bread Board  to connect the 

components of the machine with DC power. There are different sizes for the this board in the 

market each person can buy the sutabil size to fit either with the size of circuit or project. In 

figuer 3.5 below shows real Bread Board.  

 

 

                                         

 

            Table 3.4 Bread board comparison 

Item Features Price Selected 

 Bread Board  60 pin 2 KD Yes 

 Bread Board  30 pin 1.250 KD No 

 

Figure 3.5 Bread board 
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We choose the Bread Board which includes 60 pins because it can handle more numbers 

of wires to connect the components with power. Also, the 60 pins Bread Board keeps the wires 

and components organized. 

3.2.5 Wires: 

Wires in general are used for electronic projects and circuits. There are different types 

and sizes of wires available on markets. However, the person should choose the suitable type of 

wires which can fit and work with the project or the circuit. Figure 3.6 below is shown one type 

wires called Male to Male Solderless Flexible Breadboard Jumper Cable Wires 65Pcs. This type 

could be used with several components such as Arduino, and Bread Board. 

 

 

 

 

 

Table 3.5  Jumper wires comparison 

Item Features Price Selected 

Male to Male Solderless Flexible Breadboard 
Jumper Cable Wires 65Pcs 

High quality, Durable and reusable, 
Easy to install and use 

10 KD  Yes 

Jumper wires  
 Lower quality, not durable and 

reusable, Harder to install 
1.5 KD  No 

 

We select the type of wire which highlighted in table because it’s flexible with the 

components that we are going the connect them into breadboard. 

Figure 3.6  Male to Male jumper wires 
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3.2.6 Micro stepping driver ST-M5045: 

Stepper motor drivers spans from relatively simple ICs with current control and phase 

generation to more complex solutions that combine in a single chip. All that is needed to 

autonomously drive a stepper motor using high-level motion commands coming from the motor 

or motion control system host such as microcontroller. Figure 3.7 below is shown one type of 

Stepper motor drivers. It has some advantages which makes it better choice than ICs circuits. For 

example, the Micro stepping driver can be an optimized solution for motor and motion control 

systems in a range of voltage and current ratings, and space-saving. 

 

 

 

 

Table 3.6  motor driver comparison 

Item Features Price Selected 

Micro stepping driver ST-M5045 More advanced, easy to use and 
connect 

5 KD Yes 

Sn754410  IC circuit, needs lots of wires  3 KD  No 

 

We choose Micro stepping driver ST-M5045 because it requires a smaller number of 

wires which leads to keep the form of the project more organized. In addition, Micro stepping 

driver is easy to use and connect compared with Sn754410. 

 

 

Figure 3.7 Micro stepping driver ST-M5045 
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3.2.7 Stepper motor: 

  Stepper motors are DC motors that move in discrete steps. The stepper motors have 

multiple coils that are organized in groups called "phases". While energizing each phase in 

sequence, the motor will rotate one step at a time. Stepper motors come in many different 

sizes and styles and electrical characteristics. These differences between Stepper motors will 

allow the user to choose the suitable one which it’s fit with his or her project. In our case  

the Stepper motors help the Micro Stepping Driver to operate in proper way. The figure 3.8 

below shows one type of Stepper motors. 

 

 

Table 3.7 stepper motor comparison 

Item Features Price Selected 

Stepper motor   Works step by step, less torque 35 KD Yes 

Motor gear 12v dc   
 Apply high torque but make errors in 

number of RPM 
20 KD No 

 

We took the Stepper Motor for our machine because it’s more accurate compared with 

Motor gear 12v dc. Besides that, the Stepper Motor has less torque and that help to avoid errors.    

3.2.8 Color sensor module TCS 230: 

Color sensor module is a device that works on detecting various colors with help of 8 x 8 

array of photodiodes. The colors that exist in Color sensor module TCS 230 are Blue, Green, and 

Red. The ratio between the colors makes the Color sensor module TCS 230 differentiates 

between the different things or components. Figure 3.9 below illustrate the details of Color 

sensor module TCS 230. 

Figure 3.8 Stepper motor 
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In our machine we need the Color sensor module TCS 230 to recognize and differentiate 

between the different currencies according to the ratio of colors. 

Table 3.8 sensor comparison 

Item Features Price Selected 

Color sensor module TCS 230   Depends on colors to recognize the 
currency type 

3.5 KD Yes 

 Counterfeit currency 
detector 

 recognize the currency as an image, 
complicated 

 100 KD No 

 

Color sensor module TCS 230 is selected for our machine because it’s cheap in price. 

Also. It’s more accurate to detect the currency compared with Counterfeit currency detector. 

Besides that, the Color sensor module TCS 230 easy to use meanwhile Counterfeit currency 

detector is complicated. 

3.2.9 Limit switch:          

limit switches are a common presence or position sensing device used in appliances that 

contains automation systems. Also, the Limit switches are electromechanically operated, so they 

activate when an object makes physical contact with the actuator. Typically, the main function of 

limit switches is to keep the system or the device safety by detecting errors if there is problem in 

the system. In our case, we will use the limit switches to stop the Stepper motor if there is error 

happen by disconnecting or cutoff the power. Figure 3.10 below is shown one type of Limit 

switches. 

Figure 3.9 Color sensor module TCS 230 
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        Table 3.9  limit switch comparison 

Item Features Price Selected 

 Limit switch Easy to connect, keep the machine safe  10 KD Yes 

--------  -----------   ------ ------ 

 

We have selected the Limit switches for our machine to keep it save. Because the Limit 

switch will cutoff or disconnect the power when it detects errors in the machine. There is no 

alternative device to compare with Limit switches. 

3.2.10 Linear actuator: 

A linear actuator is a device that moves a load in a straight line. Linear actuators come in 

many styles and configurations. The main advantage, other than converting rotary motion into 

linear motion, is the fact that they are self-contained. In our machine we will use the Linear 

actuator to push the coins horizontally and push up the banknote’s currencies. By programming, 

we will make the Linear actuator to report if the machine is out of money. In figure 3.11 below 

shows a type of Linear actuator. 

Figure 3.10  Limit switch 
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Table 3.10  Motor comparison 

Item Features Price Selected 
Linear actuator 

 More accurate, simple 15   KD Yes 

Gear + motor Dc     Not accurate  25+6KD No 

 

Linear actuator is selected for our machine for several reasons. First of all, the Linear 

actuator is cheaper in price compared with Gear + motor Dc. Also, the Linear actuator is more 

accurate, easy to use, and simple.  

3.2.11 Lenovo Tablet: 

  The Lenovo Tablet is used to be the screen and user interface of the machine where the 

user can deal and choose his or her needs from available currencies. Also, the software will be 

downloaded into it. There is no specific reason for choosing it or prefer it compared with other 

tablets. Figure 3.12 shows the image of the chosen tablet. 

 

Figure 3.12 LENOVO Table 

Figure 3.11 Linear actuator 
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                                                               Table 3.11 Tablet 

Item Features Price Selected 

Lenovo Tablet Good price 35 KD Yes 

          

  

3.3 Budget 

In table 3.11 below includes the components for our machine: 

                                                               Table 3.12 components 

Item # Item Quantity Approx. cost 

1 Arduino mega 2560 3 18 KD 

2 Power supply 12V 5A 1 15 KD 

3 Adaptor 9V 1 2 KD 

4 Bread Board 1 2 KD 

5 Wires ----- 10 KD 

6 Micro stepping driver ST-M5045 3 15 KD 

7 Stepper motor  35 KD 

8 Color sensor module 2 7 KD 

9 Limit switch 7 10 KD 

10 Linear Actuator 6 90 KD 

11 Lenovo Tablet 1 35 KD 

 

3.4 Changes In some components 

While we working on the project, it was found that there are some weaknesses were 

located in performance of speed of the machine and the accuracy. We solved and developed this 

issue and resulted in to do some changes of the components which are: 

3.4.1 Nalin: 

Nalin is the device that we choose it to be as a sensor to recognize the currency instead of 

color sensor which we used earlier because it is more faster and accurate. The figure 3.13 below 

shows the Nalin device  

                                                                      Total 239 KD 
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         Figure 3.13 Nalin Device 

 

                                                               Table 3.13 Nalin 

Item Features Price Selected 

 Nalin  More accurate and faster  3.5 KD Yes 

color sensor       3.5 KD No  

 

They both have almost similar price but we are looking for good performance for our machine. 

3.4.2 DC MOTOR: 

 We also do change here and we replaced the Stepper Motor with DC Motor because  DC 

Motor is faster. In this case the output will be faster and accurate and will avoid any delay may 

occurred in the machine during the transaction. The figure 3.14 shows the DC Motor. 

 

Figure 3.14 DC MOTOR 
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                                                                                  Table 3.14. DC MOTOR 

Item Features Price Selected 

 DC Motor  More accurate and faster   Yes 

Stepper Motor     No  

 

3.4.3 Relay Module: 

We also do here other changes in the components and we replaced the Micro Stepping 

driver with Relay Module because it’s enhance the speed of  DC Motor. In this case the output 

will be faster and accurate and will avoid any delay may occurred in the machine during the 

transaction.  The figure 3.15 below shows Relay Module 

 

Figure 3.15. Relay module 

 

                                                             Table 3.15. relay module 

Item Features Price Selected 

 Relay Module  More accurate and faster   Yes 

Micro Stepping driver       No  
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3.4.4 Voltage Regulator: 

 Here we add the voltage regulator to prevent and protect the Arduino form extra voltage 

that may come from any part of the machine. Figure 3.16 below shows the Voltage Regulator. 

                                     

                                                                                                 Figure 3.16. voltage regulator 

 

3.5 software 

  In this part we used two programs, the first one called Remote XY to develop user-

interface of the machine and the transactions operations. The figure 3.17 below shows the user-

interface of the machine. 

 

Figure 3.17. software 
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The other program called Arduino which is working on C++ language, and it’s used to 

programmed the three Arduino components to work in efficient way.  

 

3.6 Conclusion  

This chapter represents the architecture of the Coin Exchange Machine. Besides that, the chapter 

includes the comparison between selected components for the project and other components. 

Moreover, it provides the table of costs and quantities for all items used in the project. The total 

cost for the components of the project is provided. 
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4. Implementation 

This chapter provides the design and the implementation of the chassis with the 

mechanical and electrical components. It shows each device in the exchange machine how it is 

working in details. It shows the reason why we use these components in particular place to 

perform specific tasks.  

4.1 Mechanical design 

4.1.1 first design: 

The first step in our manufacturing process is the design of the machine based on our 

requirements. Since every member of us need different requirements, each member is custom 

built. Once the design is finalized, the necessary components are ordered from the appropriate 

vendors. A CAD program is used to determine the layout of the components and the size and 

shape of the cabinet. Our change machine is a device used to exchange paper currency for coins. 

Sensors in the machine detect the type of bill (5kd,10kd and 20kd) that is fed into it and relay 

this information to a micro-processor. The processor then sends commands to coin hoppers to 

dispense the appropriate coins. Similar devices for accepting coins and bills were originally 

developed for use in coin-operated amusement and gaming devices, such as slot machines. These 

devices evolved into machines that could quickly dispense proper change without the need for a 

cashier. These early machines were like devices used today in that they were required to accept 

bills and dispense proper coin equivalents. However, they differed in the sophistication of their 

components. For example, we used a simple pay out device such as a long tube full of coins with 

a solenoid located at the bottom. The solenoid, which consists of a coil of wire wrapped around a 

metal plunger, acted like a shutter. When the machine logged in a bill, it sent a pulse of 

electricity through the solenoid coil, which caused it to become magnetized. Once magnetized, 

the plunger moved, allowing a coin to fall into the collection chamber below.  

http://www.madehow.com/knowledge/Solenoid.html
http://www.madehow.com/knowledge/Coil.html
http://www.madehow.com/knowledge/Plunger.html
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4.2 mechanical implementation 

Our change machine is housed in a metal cabinet constructed of steel plate, the 

dimensions of change machine is not determined yet, but it is depending on our requirements and 

cost. The sidewalls of the housing may be constructed from 7.9 in (2mm) thick steel plate with 

11.8 in (3 mm) plate used for the folded steel doors.  These doors may be equipped with a double 

edge to restrict forced entry. All cabinets are equipped with some form of locking mechanism 

and an alarm is usually built into the cabinet. Maybe our unit is fitted to base stands that include 

a locking cupboard. This cabinet can even be configured so that it is suitable for out-door 

operation. Our model is a model fitted with a heater and ventilator to keep bills free from 

moisture when used outdoors. The cabinet also houses the power source for the bill changer. Our 

machine is alternating current (AC) powered and may be plugged into a normal out-let, or it may 

be hard wired in place. 

 

Figure 4.1. A cross section of a change machine mechanism. 
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4.3 electrical design 

4.3.1 Input sensors: 

For the machine to operate properly, it must be capable of recognizing the bills or coins 

from which it is to make change. To accomplish this, machines are equipped with input sensors, 

which determine the identity of the item being entered. For paper currency, a cluster of light-

emitting diodes (LEDs) is used to shine light onto the bill as it is inserted. An optical sensor 

analyzes the light that is reflected off the bill's surface to determine its denomination. 

Sophisticated electronics and software allow the sensors to differentiate badly worn or torn bills 

from counterfeit ones. These systems are easily programmable to allow the user to teach the 

machine to recognize new bills. 

4.3.2 Bill transport and storage: 

The bill-input slot is equipped with small electrically powered rollers to pull the bill 

forward. The rollers are activated as soon as a bill is placed at the slot entrance. If the sensors 

reject the bill, the rollers reverse direction and spit it out. If the bill is accepted as valid, the 

rollers pull it inside the machine and feed it into a stacking chamber. The stacking chamber is a 

secure area that holds all the cash in a neat pile until an operator physically empties.  

4.3.3 Coin dispenser/payout device 

The pay out of coins is controlled by the microprocessor. The processor issues a signal to 

the payout device in the form of electronic pulses. These pulses activate a rotating conveyor belt 

that travels in a loop from the bottom to the top of the hopper. The belt has small flights on it that 

act as scoops for the coins. As the belt travels around the loop, it passes through the pile of coins 

at the bottom of the hopper. The appropriate coins are caught on these protruding flights and are 

moved to the top of the hopper. At the top of the hopper the belt reaches the end of the track and 

turns back down. This causes the coins to fall off the belt and drop into a dispensing chamber. 

This type of pay out device can dispense up to 500 coins per minute 
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4.4 Electrical implementation: 

4.4.1 Display/control features: 

All change machine functions are controlled by a microprocessor, which receives information 

from the input sensors and relays instructions to the pay out device. The computer also controls 

display information such as user instructions and error messages. Some simple machines are 

equipped with only an indicator light, which is extinguished when any hopper is nearly empty. 

More advanced models have illuminated 40-character Liquid Crystal Display (LCD) panels 

which provide the user with additional information including, but not limited to, step by step 

instructions. Some models even allow users to select the combination of coins to be dispensed 

and provide usage instructions in multiple languages. In addition, these advanced models have 

sophisticated onboard computer controls featuring extensive auditing facilities. Optionally, an 

audit printer can be connected to the machine to download and print a complete diagnostic 

profile or a summary of all audit information. Other advanced control features include built in 

burglar alarms and customized lighting arrays. 
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5.  EVALUATION 

 In this chapter a survey was conducted to will give us feedback on our project. The survey was 

created using SurveyMonkey for its simplicity and easy sharing. It was answered by a 100 people. The 

survey consisted of eight questions that will give us useful feedback on our project.  

5.1 SURVAY 

 The first question of the was asked because we wanted to know what percentage of people 

actually use cash in a typical day. What was discovered is that 20% of people always use cash while 4% 

of people never use cash. The results shown in figure 16 below show us that since a great percentage of 

people use cash on a daily basis then our project will be very useful.  

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 5.1. Results of the first question 
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 The second question of the survey was asked to see what type of banknotes people prefer to carry. 

According to the answers 45% of people prefer to carry 10 KD bills while a small percentage of 2% carry 

less than 1 KD. The results shown below in figure 17 gave us feedback that helped us determine what 

input we want our machine to accept.   

 

 

 

 

 

 

 

 

The third question of the survey was asked to see if people find it inconvenient when places 

require coins. The results in figure 18 below showed that a big percentage of people 69% find it 

inconvenient while 31% of people don’t. These results encouraged us to add coins as an output for our 

machine.   

 

 

 

 

 

 

 

 

 

Figure 5.2. Results of the second question 

Figure 5.3. Results of the third question 
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The fourth question was asked to see if people would be interested in using our machine. The 

results in figure 19 below showed that 82% of people are interested in using this machine which proves 

that our machine would have a high rate of success.  

 

 

 

 

 

 

 

 

 

The fifth question was asked to see if people were willing to use the machine if it was to exist. 

The results in figure 20 below showed that a large percentage of 87% of people would definitely use it 

while a percentage of 13% would not.  

 

 

 

 

 

 

 

Figure 5.4. Results of the fourth question 

Figure 5.5. Results of the fifth question 
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The sixth question was asked to help us select an appropriate location for our machine. The 

answers provided varied from mall to commercial complexes and parking. 

 

 

 

 

 

 

 

The seventh question was asked because we wanted to know what age group our clients were. 

The results in figure 22 below showed that most of the users with a percentage of 44% were in the 18-24 

age group.  

 

 

 

 

 

 

 

 

Figure 5.6. Results of the sixth question 

Figure 5.7. Results of the seventh question 
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The eighth question was asked because we wanted to know the gender of our clients. The 

results in figure 23 below showed that most of our clients were females with a percentage of 

64%.  

 

 

 

 

 

 

 

 

 

5.2 Impact on society 

 The Coin Exchange Machine will be able to serve the community in a positive way. By 

providing this machine to the society we will be able to solve a problem that most people are 

facing. The CEM has proved that it will improve its user’s life by providing convenience, time 

management, and many other aspects.   

5.3 Impact on economy 

 The Coin Exchange Machine we believe is going to have a significant impact on the 

economy where, by having more users of this machine we are increasing the sales of places that 

depend on having change. In addition, if our machine spreads and users increase, we will be able 

to provide job opportunities for people since we will need more employees for maintenance and 

similar functions.  

Figure 5.8. Results of the eighth question 
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5.4 Impact on environment 

 The Coin Exchange Machine will not have any harm on the environment since the 

machine structure was made out of an acrylic box. Furthermore, the internal mechanics will run 

on electricity therefor there will not be any damage to the environment. 

5.5 Conclusion 

 To conclude, by conduction this survey that was answered by 100 people we were able to 

have useful feedback that will help us in developing and improving our project to be as efficient 

as possible for all people to use.  
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6. CONCLUSION 

This chapter states the project’s main idea and the progress made for capstone one course.  

6.1 PROJECT IDEA 

A Coin Exchange Machine was chosen as our capstone project. This machine will be able to 

exchange large bill notes into smaller ones and coins as mentioned above in details. This will benefit 

many people and also is very convenient. It will be built and implemented using the components listed in 

chapter four.  

6.2 CAPSTONE ONE 

Taking capstone one, we were required to research in detail about our project’s idea. We were 

able to study existing exchange machines similar to ours, so we can have a strong background before 

starting off. Next, we designed and brainstormed the whole machine. Once we did, we were then ready to 

buy all components required to build the machine, which were listed previously. Later, we tested and ran 

some of the components to start off and have a demo of our project. Also, a survey was sent out so which 

made us collect different feedbacks about our project’s idea.   

6.3 FINAL COMMENT 

Reaching this point, motivates us to implement finalize our project. The team is working hard and 

putting in a lot of time and effort in this capstone project. Fortunately, we are reaching our goals which 

were set before starting. We were able to gain knowledge and experience reaching this far. We grew 

interest even more into the idea of our project after learning more in details about it. We are very glad to 

reach this far and look forward to continuing.  
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APPENDICES 

===================================== 

APPENDIX 1 (Currency definition) 

------------------------------------------------------------------------------------ 

 int relay = 5; 

   int twentykdbutton=6;  

   int tenkdbutton=7; 

   int fivekdbutton=8;  

   int onekdbutton=9; 

   int ldr0 = A0;   

   int ldr0value; 

   int ldr1 = A1;   

   int ldr1value; 

   int ldr2 = A2;  

   int ldr2value; 

   int ldr3 = A3;  

   int ldr3value; 

   

void setup() { 

 pinMode(relay, OUTPUT); 

 pinMode(twentykdbutton, OUTPUT);  

 pinMode(tenkdbutton, OUTPUT); 

 pinMode(fivekdbutton, OUTPUT);  

 pinMode(onekdbutton, OUTPUT); 

 pinMode(ldr0, INPUT);   

 pinMode(ldr1, INPUT); 

 pinMode(ldr2, INPUT);  
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 pinMode(ldr3, INPUT); 

Serial.begin ( 9600 ); 

} 

void loop() { 

 ldr0value = analogRead (ldr0); 

 ldr1value = analogRead (ldr1); 

 ldr2value = analogRead (ldr2);     

 ldr3value = analogRead (ldr3);   

 

if ( (ldr0value > 610)&&(ldr0value < 700)&& (ldr1value > 700)&&(ldr1value < 850) ) 

  {  

 delay ( 1000 ); 

 Serial.println ("     ");  

 Serial.print ("     you have entered  1KD      "); 

 Serial.println ("     "); 

 digitalWrite(onekdbutton, HIGH); 

 delay ( 1000); 

 digitalWrite( relay,HIGH); 

 delay (800); 

 digitalWrite( relay,LOW); 

 delay (800); 

   

 delay (15000);  

 digitalWrite(onekdbutton, LOW );   

} 

     

if ( (ldr0value > 640)&&(ldr0value < 700)&& (ldr1value > 420)&&(ldr1value < 480) ) 

  { 

 delay ( 1000 ); 

 Serial.println ("   ");  
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 Serial.print ("       you have entered  5KD      "); 

 ;Serial.println ("   "); 

 digitalWrite(fivekdbutton, HIGH); 

 delay ( 1000); 

 digitalWrite( relay,HIGH); 

 delay (800); 

 digitalWrite( relay,LOW); 

 delay (800); 

 delay (15000);  

 digitalWrite(fivekdbutton, LOW);  

} 

if ( (ldr2value > 400)&&(ldr2value < 500)&& (ldr3value > 600)&&(ldr3value < 750) ) 

  {  

 delay ( 1000 ); 

 Serial.println ("   ");  

 Serial.print ("       you have entered  10KD      "); 

 ;Serial.println ("   "); 

 digitalWrite(tenkdbutton, HIGH); 

 delay ( 1000); 

 digitalWrite( relay,HIGH); 

 delay (800); 

 digitalWrite( relay,LOW); 

 delay (800); 

 delay (15000);  

 digitalWrite(tenkdbutton, LOW);  

} 

 

if ( (ldr3value > 320)&&(ldr3value < 400) ) 

  { 

 delay ( 1000 ); 
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 Serial.println ("   ");  

 Serial.print ("       you have entered  20KD      "); 

 Serial.println ("   "); 

 digitalWrite(twentykdbutton, HIGH); 

 delay ( 1000); 

 digitalWrite( relay,HIGH); 

 delay (800); 

 digitalWrite( relay,LOW); 

 delay (800); 

 delay (15000); 

 digitalWrite(twentykdbutton, LOW); 

} 

 

 Serial.print (ldr0value ); 

 Serial.print ("   ");  

 Serial.print (ldr1value ); 

 Serial.print ("   "); 

 Serial.print (ldr2value ); 

 Serial.print ("   ");  

 Serial.print (ldr3value ); 

 Serial.print ("   "); 

 Serial.println ("   "); 

 delay ( 1000 ); 

} 
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APPENDIX 2 (mobile program) 

------------------------------------------------------------------------------------ 

#define REMOTEXY_MODE__ESP8266_HARDSERIAL_POINT 

#include <RemoteXY.h>  

// RemoteXY connection settings   

#define REMOTEXY_SERIAL Serial  

#define REMOTEXY_SERIAL_SPEED 115200  

#define REMOTEXY_WIFI_SSID "currency fragmentation device"  

#define REMOTEXY_WIFI_PASSWORD "12345678"  

#define REMOTEXY_SERVER_PORT 6377  

#define REMOTEXY_ACCESS_PASSWORD "1234"  

 

int linear1U=22; 

int linear1D=23; 

int linear2U=24; 

int linear2D=25; 

int linear3U=26; 

int linear3D=27; 

int linear4U=28; 

int linear4D=29; 

int linear5U=30; 

int linear5D=31; 

int dcmotor1R=46;  

int dcmotor1L=47; 

int dcmotor2R=48;  

int dcmotor2L=49; 

 

int dcmotor3R=50;  

int dcmotor3L=51; 
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int twentykdbutton=8;  

int tenkdbutton=9; 

int fivekdbutton=10;  

int onekdbutton=11; 

 

#include <Servo.h> 

 Servo myservo1;  

 Servo myservo2;  

 Servo myservo3;  

 Servo myservo4;  

 Servo myservo5; 

 

// RemoteXY configurate    

#pragma pack(push, 1)  

uint8_t RemoteXY_CONF[] =  

  { 255,9,0,21,0,220,0,8,242,0,     1,1,4,51,33,10,93,24,53,48,       48,70,43,50,53,48,42,50,0,67, 

     5,4,7,92,8,8,191,21,1,1,                61,16,35,8,2,24,53,48,48,32,      70,32,42,50,0,1,1,4,29,33, 

     10,93,24,49,32,75,68,32,42,49,     48,0,1,1,4,40,33,10,94,24,     49,32,75,68,32,42,53,0,1,1, 

      4,17,33,11,94,24,49,32,75,68,    32,42,50,48,0,1,1,61,34,35,   8,30,24,49,48,48,70,32,42,49, 

      48,0,1,1,61,43,35,8,30,24,    53,48,32,70,32,42,50,48,0,1,     1,61,25,35,8,2,24,50,53,48, 

      32,70,32,42,52,0,129,0,41,26,     0,30,17,0,1,1,61,52,35,9,     16,24,49,48,48,70,42,53,43,53, 

      48,42,49,48,0,130,1,41,17,15,    43,17,129,0,9,1,81,6,17,102,  

      114,97,103,109,101,110,116,32,121,111,       117,114,32,99,117,114,114,101,110,99, 

  121,32,104,101,114,101,0 };  

 

 

 

  

// this structure defines all the variables of your control interface   

struct {  
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// input variable 

 uint8_t button_4; // =1 if button pressed, else =0  

 uint8_t button_5; // =1 if button pressed, else =0  

 uint8_t button_2; // =1 if button pressed, else =0  

 uint8_t button_3; // =1 if button pressed, else =0  

 uint8_t button_1; // =1 if button pressed, else =0  

 uint8_t button_7; // =1 if button pressed, else =0  

 uint8_t button_8; // =1 if button pressed, else =0  

 uint8_t button_6; // =1 if button pressed, else =0  

 uint8_t button_9; // =1 if button pressed, else =0  

 // output variable 

 char screen[21];  

 // string UTF8 end zero  

// other variable 

 uint8_t connect_flag;  // =1 if wire connected, else =0  

}  

 RemoteXY;  

#pragma pack(pop)  

 

/////////////////////////////////////////////  

//            

END RemoteXY include          //  

/////////////////////////////////////////////  

 

 

 

 

 

#define PIN_BUTTON_4 37 

#define PIN_BUTTON_5 38 
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#define PIN_BUTTON_2 35 

#define PIN_BUTTON_3 36 

#define PIN_BUTTON_1 34 

#define PIN_BUTTON_7 40 

#define PIN_BUTTON_8 41 

#define PIN_BUTTON_6 39 

#define PIN_BUTTON_9 42 

 

void setup()   

{    

 RemoteXY_Init ();   

 pinMode (twentykdbutton, INPUT); 

 pinMode (tenkdbutton, INPUT); 

 pinMode (fivekdbutton, INPUT); 

 pinMode (onekdbutton, INPUT); 

 pinMode (PIN_BUTTON_4, OUTPUT); 

 pinMode (PIN_BUTTON_5, OUTPUT); 

 pinMode (PIN_BUTTON_2, OUTPUT); 

 pinMode (PIN_BUTTON_3, OUTPUT); 

 pinMode (PIN_BUTTON_1, OUTPUT); 

 pinMode (PIN_BUTTON_7, OUTPUT); 

 pinMode (PIN_BUTTON_8, OUTPUT); 

 pinMode (PIN_BUTTON_6, OUTPUT); 

 pinMode (PIN_BUTTON_9, OUTPUT); 

 pinMode(twentykdbutton, OUTPUT);  

 pinMode(tenkdbutton, OUTPUT); 

 pinMode(fivekdbutton, OUTPUT);  

 pinMode(onekdbutton, OUTPUT); 

 pinMode(linear1U, OUTPUT);   

 pinMode( linear1D, OUTPUT); 
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 pinMode(linear2U, OUTPUT);  

 pinMode(linear2D, OUTPUT); 

 pinMode( linear3U, OUTPUT);   

 pinMode(linear3D, OUTPUT); 

 pinMode(linear4U, OUTPUT);  

 pinMode(linear4D, OUTPUT); 

 pinMode(linear5U, OUTPUT);   

 pinMode(linear5D, OUTPUT); 

 

 pinMode(dcmotor1R, OUTPUT);  

 pinMode( dcmotor1L, OUTPUT); 

 pinMode(dcmotor2R, OUTPUT);   

 pinMode(dcmotor2L, OUTPUT); 

 pinMode(dcmotor3R, OUTPUT);  

 pinMode(dcmotor3L, OUTPUT); 

 

 myservo1.attach (3);  

 myservo1.attach (4);  

 myservo1.attach (5);  

 myservo1.attach (6);  

 myservo1.attach (7); 

// TODO you setup code  

}  

void loop()   

{   

 RemoteXY_Handler ();  

 myservo1.write(170); 

 delay ( 30 ); 
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if ( digitalRead(twentykdbutton )== HIGH) {  

 strcpy(RemoteXY.screen, " 20KD "); 

}  

if ( digitalRead(tenkdbutton )== HIGH) {  

 strcpy(RemoteXY.screen, " 10KD "); 

} 

if ( digitalRead(fivekdbutton )== HIGH) {  

 strcpy(RemoteXY.screen, " 5KD "); 

}  

if ( digitalRead(onekdbutton )== HIGH) {  

 strcpy(RemoteXY.screen, " 1KD "); 

} 

if ((RemoteXY.button_1==HIGH)&& (digitalRead(twentykdbutton )== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_1, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_1, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 

}  

 

//added 

if ((RemoteXY.button_2==HIGH)&& (digitalRead(tenkdbutton )== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_2, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_2, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 
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 delay (2000); 

}  

 

//added    

if ((RemoteXY.button_3==HIGH)&& (digitalRead(fivekdbutton )== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_3, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_3, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 

}  

 

//added 

if ((RemoteXY.button_4==HIGH)&& (digitalRead(onekdbutton)== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_4, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_4, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 

}  

 

 

 

 

//added 

if ((RemoteXY.button_5==HIGH)&& (digitalRead(onekdbutton )== HIGH)) 
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   {  

 digitalWrite(PIN_BUTTON_5, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_5, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 

}  

 

//added 

if ((RemoteXY.button_6==HIGH)&& (digitalRead(onekdbutton )== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_6, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_6, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 

}  

 

//added 

if ((RemoteXY.button_7==HIGH)&& (digitalRead(onekdbutton )== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_7, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_7, LOW);  

 delay (1000); 

    

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 
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}  

 

//added 

if ((RemoteXY.button_8==HIGH)&& (digitalRead(onekdbutton )== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_8, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_8, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 

}  

 

//added 

if ((RemoteXY.button_9==HIGH)&& (digitalRead(onekdbutton )== HIGH)) 

   {  

 digitalWrite(PIN_BUTTON_9, HIGH);  

 delay (16000); 

 digitalWrite(PIN_BUTTON_9, LOW);  

 delay (1000); 

 strcpy(RemoteXY.screen, "     "); 

 delay (2000); 

}  

 

//added 

if ((RemoteXY.button_1==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

}  

// to reset screen 

if ((RemoteXY.button_2==HIGH)){  
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 strcpy(RemoteXY.screen, "     "); 

} 

if ((RemoteXY.button_3==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

} 

 

if ((RemoteXY.button_4==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

} 

 

if ((RemoteXY.button_5==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

} 

 

if ((RemoteXY.button_6==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

} 

     

if ((RemoteXY.button_7==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

} 

     

if ((RemoteXY.button_8==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

} 

if ((RemoteXY.button_9==HIGH)){  

 strcpy(RemoteXY.screen, "     "); 

} 

// TODO you loop code  

  // use the RemoteXY structure for data transfer  
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} 
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APPENDIX 3 (motor program) 

------------------------------------------------------------------------------------ 

 

int button1=3;  int button2=4;  int button3=5;  int button4=6; 

int button5=7;  int button6=8;  int button7=9;  int button8=10; 

int button9=11; 

 

int linear1U=22; int linear1D=23; int linear2U=24; int linear2D=25; 

int linear3U=26; int linear3D=27; int linear4U=28; int linear4D=29; 

int linear5U=30; int linear5D=31; 

 

int dcmotor1R=34;  int dcmotor1L=35; int dcmotor2R=36;  int dcmotor2L=37; 

int dcmotor3R=38;  int dcmotor3L=39; 

 

#include <Servo.h> 

 Servo myservo1;  Servo myservo2;  

 Servo myservo3;  Servo myservo4;  

 Servo myservo5; 

void setup()   

{  

 pinMode (button1, INPUT); 

 pinMode (button2, INPUT); 

 pinMode (button3, INPUT); 

 pinMode (button4, INPUT); 

 pinMode (button5, INPUT); 

 pinMode (button6, INPUT); 

 pinMode (button7, INPUT); 

 pinMode (button8, INPUT); 

 pinMode (button9, INPUT); 
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 pinMode(linear1U, OUTPUT);   

 pinMode( linear1D, OUTPUT); 

 pinMode(linear2U, OUTPUT);  

 pinMode(linear2D, OUTPUT); 

 pinMode( linear3U, OUTPUT);   

 pinMode(linear3D, OUTPUT); 

 pinMode(linear4U, OUTPUT);  

 pinMode(linear4D, OUTPUT); 

 pinMode(linear5U, OUTPUT);   

 pinMode(linear5D, OUTPUT); 

 

 pinMode(dcmotor1R, OUTPUT);  

 pinMode( dcmotor1L, OUTPUT); 

 pinMode(dcmotor2R, OUTPUT);   

 pinMode(dcmotor2L, OUTPUT); 

 pinMode(dcmotor3R, OUTPUT);  

 pinMode(dcmotor3L, OUTPUT); 

 

 myservo1.attach (43);  

 myservo2.attach (45);  

 myservo3.attach (47);  

 myservo4.attach (49);  

 myservo5.attach (51);       

}  

void loop(){ 

if (digitalRead ( button1)==HIGH)           // 1KD * 20 

 { 

 digitalWrite (linear1U,HIGH);  

 delay ( 100); 

 digitalWrite (linear1U,LOW);  
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 delay ( 1000 ); 

 myservo1.write(180);  

 delay ( 5000 ); 

 myservo1.write(150);  

 delay(1000); 

 myservo1.write(100);  

 delay(1000); 

  myservo1.write(0); 

 delay ( 3000); 

 myservo1.write(10); 

 delay ( 1000); 

 digitalWrite (dcmotor1L,HIGH);  

 delay ( 1000);  

 myservo1.write(0); 

 delay ( 15000); 

 digitalWrite (dcmotor1L,LOW);   

} 

 

if (digitalRead ( button2)==HIGH)           // 1KD * 10 

 { 

   digitalWrite (linear1U,HIGH);  

 delay ( 100); 

 digitalWrite (linear1U,LOW);  

 delay ( 1000 ); 

 myservo1.write(180);  

 delay ( 5000 );  

 myservo1.write(150);  

 delay(1000); 

 myservo1.write(100);  

 delay(1000); 



70 | P a g e  
 

 myservo1.write(0); 

 delay ( 3000); 

 myservo1.write(10); 

 delay ( 1000); 

 digitalWrite (dcmotor1L,HIGH);  

 delay ( 1000);  

 myservo1.write(0); 

 delay ( 15000); 

 digitalWrite (dcmotor1L,LOW);   

} 

 

if (digitalRead ( button3)==HIGH)           // 1KD * 5 

 { 

   digitalWrite (linear1U,HIGH);  

 delay ( 100); 

 digitalWrite (linear1U,LOW);  

 delay ( 1000 ); 

 myservo1.write(180);  

 delay ( 5000 );  

 myservo1.write(150);  

 delay(1000); 

 myservo1.write(100);  

 delay(1000); 

 myservo1.write(0); 

 delay ( 3000); 

 myservo1.write(10); 

 delay ( 1000); 

 digitalWrite (dcmotor1L,HIGH);  

 delay ( 1000);  

 myservo1.write(0); 
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 delay ( 15000); 

 digitalWrite (dcmotor1L,LOW);   

} 

 

if (digitalRead ( button4)==HIGH)           // 500F + 250F*2 

 { digitalWrite (linear2U,HIGH);  

 delay ( 100); 

 digitalWrite (linear2U,LOW);  

 delay ( 1000 ); 

 myservo2.write(180);  

 delay ( 5000 );  

 myservo2.write(150);  

 delay(1000); 

 myservo2.write(100);  

 delay(1000); 

 myservo2.write(0); 

 delay ( 3000); 

 myservo2.write(10); 

 delay ( 1000); 

 digitalWrite (dcmotor2L,HIGH);  

 delay ( 1000);  

 myservo2.write(0); 

 delay ( 15000); 

 digitalWrite (dcmotor2L,LOW); 

 digitalWrite (linear3U,HIGH);  

 delay ( 100); 

 digitalWrite (linear3U,LOW);  

 delay ( 1000 ); 
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 myservo3.write(180);  

 delay ( 5000 );  

 myservo3.write(150);  

 delay(1000); 

 myservo3.write(100);  

 delay(1000); 

 myservo3.write(0); 

 delay ( 3000); 

 myservo3.write(10); 

 delay ( 1000); 

 digitalWrite (dcmotor3L,HIGH);  

 delay ( 1000);  

 myservo3.write(0); 

 delay ( 15000); 

 digitalWrite (dcmotor3L,LOW);   

} 

 

if (digitalRead ( button5)==HIGH)           // 500F *2 

 { digitalWrite (linear2U,HIGH);  

 delay ( 100); 

 digitalWrite (linear2U,LOW);  

 delay ( 1000 ); 

 myservo2.write(180);  

 delay ( 5000 );  

 myservo2.write(150);  

 delay(1000); 

 myservo2.write(100);  

 delay(1000); 

 myservo2.write(0); 

 delay ( 3000); 
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 myservo2.write(10); 

 delay ( 1000); 

 digitalWrite (dcmotor2L,HIGH);  

 delay ( 1000);  

 myservo2.write(0); 

 delay ( 15000); 

 digitalWrite (dcmotor2L,LOW);    

} 

 

if (digitalRead ( button6)==HIGH)           //  250F*4 

 {  digitalWrite (linear3U,HIGH);  

 delay ( 100); 

 digitalWrite (linear3U,LOW);  

 delay ( 1000 ); 

 myservo3.write(180);  

 delay ( 5000 );  

 myservo3.write(150);  

 delay(1000); 

 myservo3.write(100);  

 delay(1000); 

 myservo3.write(0); 

 delay ( 3000); 

 myservo3.write(10); 

 delay ( 1000); 

 digitalWrite (dcmotor3L,HIGH);  

 delay ( 1000);  

 myservo3.write(0); 

 delay ( 15000); 

 digitalWrite (dcmotor3L,LOW);  

 } 
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if (digitalRead ( button7)==HIGH)       // 100F*10  

 {   digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW);    

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );   

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW);    

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 
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delay ( 1000 ); 

  myservo5.write(180); 

  delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190);  

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 
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 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 ); 

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500);  

 myservo5.write(90);  

} 

 

if (digitalRead ( button8)==HIGH)           // 50F*20  

 {   digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 
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delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 
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 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );   

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 
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 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 ); 
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 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

    delay ( 500 );  
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myservo4.write(0); 

 delay ( 1000 ); 

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 



82 | P a g e  
 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 myservo4.write(90);  

} 

if (digitalRead ( button9)==HIGH)       // 100F*5 + 50F*10  

 {   digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 
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 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 digitalWrite (linear5U,HIGH);  

 delay ( 190); 

 digitalWrite (linear5U,LOW); 

 delay ( 500 );  

 myservo5.write(0); 

 delay ( 1000 );  

 myservo5.write(180); 

 delay ( 500); 

 myservo5.write(90); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 
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 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 
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 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  



86 | P a g e  
 

 myservo4.write(180); 

 delay ( 500); 

 digitalWrite (linear4U,HIGH);  

 delay ( 190); 

 digitalWrite (linear4U,LOW); 

 delay ( 500 );  

 myservo4.write(0); 

 delay ( 1000 );  

 myservo4.write(180); 

 delay ( 500); 

 myservo4.write(90);  

 } 

} 


