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eyes by connect special camera with the user computer using special software then the 

mouse can moving according to the eye movements. 

The project importance appear in the filed to help the hand cut person to using his pc 

in normal [ j Q [! q@X®q 8JRJ>>j0Q to use his hands, and control his desk top like any other 
person , also this person can control some functions such as open the door , close the 

window, light the room through his pc. 

The first part of the project is the hardware part and it presented by the DC Motor 

circuit it controlled by user eye through the parallel port, we use the motor to open window 

and close it as sample application. 

The second part is the software part and its represent by agent paint program the user 

eye control this program and the user can drown and pint the figures through his eye 

movement, also the this part contain the desktop application through this· part the user can 

use the desktop normally as click some item and drag it to move to some folder. 

The project success is about 85% but because the camera are used are not very 

accurate and the domain for the object to move from the camera is very near this case the 

� j• J >X� J 8X>J !8 >9JR!)!JV 6XRj q!X8 qX q@J R®0>X0 >®0J j6>X q@J R®0>X0 Rj8 q 0JRJ!©J J©J0Q 
pixel in the screen although we increase the scale of the output coordinates x & y that are 

taken by the camera . 
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Introduction 

1.1 General Description Of The Project 

Use of the human eye as an input device for personal computer remains a 

largely untapped field. This design project shall attempt to explore this field further 

by developing a low-cost input device to be usable by an average PC user. The team 

shall attempt to combine special purpose EOG sensor or special purpose camera and 

optical image processing to emulate a basic PC mouse, an apparatus shall be 

designed and built to perform this tracking and emulate a standard PC mouse via 

serial, PS/2, or USB interface. 

Also the problem of human-computer interaction can be viewed as two 

powerful information processors (human and computer) attempting to communicate 

with each other via a narrow-bandwidth, highly constrained interface, To address it 

we seek faster, more natural, and more convenient means for users and computers to 

exchange information. 

U 



· @J ®>J0l> >!VJ !> RX8>q0j! 8JV SQ q@J 8j q®0J X) @®� j8 RX�� ®8!Rj q!X8 X0: j8 > 
and abilities; the computer's is constrained only by input/output devices and 

interaction techniques that we can invent. Current technology has been stronger in 

the computer-to-user direction than user-to-computer; hence today's user-computer 

dialogues are rather one-sided, with the bandwidth from the computer to the user far 

greater than that from user to computer. 

· @J dQJ 4 X®>J X))J0> 9JX96J [ !q@ J<q0J� J V!>j S!6!q!J> q@J X99X0q®8!qQ qX 
control a computer simply by moving his or her eyes or head. Computers are 

generally controlled by hand, using a keyboard, a mouse, or a trackball. Many people 

who are unable to use their hands are thus disenfranchised from using this 

equipment. 

3 



hoU 90XYJRq objective 
The main objectives of our project are: 

• Moving the mouse curser by eye tracking . 

• Help handicapped and to move the normal PC computer mouse curser 

easily 

• Creating an over view to other people who don't have background 

about eye tracking and its advantages. 

• To provide the user ability to connect the pc computer with other 

devices and how to build suitable interface using appropriate 

programming language. 

• Using eye tracking to control some hardware application such as 

closing and opening window. 

• Using eye tracking to control some software application such as agent 

painter program. 

r 



1.3 Literature review for eye tracking 

The project name: An eye tracking computer user interface, done by Arie E. 

Kaufman, Amit Bandopadhay and Bernard D. Shaviv refried to Computer Science 

Department in State University of New York at Stony Brook 

We developed an inexpensive hardware software system for eye tracking. It 

is based on J6JRq0X # XR®6X:0j 9@Q (EOG) rather than expensive reflectance based 

methods. We built a prototype to demonstrate the viability of EOG for @®� j8 ­ 

computer communication. The system is applicable for many virtual reality systems, 

video games, and for the handicapped, the hardware component of the project are: 4 

EOG sensing channels, Signal filters to eliminate noise, Signal amplifiers, AID 

converters 

Fig 1.1 The location of sensor on the face 

5 



hor g0XYJRq Schedule and Time Plan 

In this section we will demonstrate the system schedule for the developers, 
take in care the time period given for delivery the system, and the dependences 
between tasks. 

hor oh 5Q>qJ� Schedule 

This system can be divided into the following tasks: 

Tl: Collecting Information and Determining the Main Objectives of the System 

This includes collecting whole information and research in many resources a 

bout central database management between server and clients such as how are data 

exchanged between the server and clients, after this finish we will determine the 

objectives of the system. 

T2: Determining the Main Requirements of the System: 

Involves determining the functional and non-functional requirements of the 

system. 

T3: Software and System Requirements Specification: 

Involves finding out, analyzing and checking the main services and 

constraints on system. 

¥ 



· r f 5Q>qJ� Organization and Hardware and Software Requirements 
Specification: 

Which includes how this system will organize between students, and also 

determining the most important HW and SW requirements of this system. 

TS: Analysis of Expected Risks: 

Involves the system risks, types of risks and what resolutions strategies that 

will be performed to reduce these risks. 

T6: System Scheduling: 

In this phase, will determine the work activities, system schedule and report 

monitoring. 

T7: Creating a Suitable Model for All parts that Will Be Built in Our 

System: 

This includes graphical representations for the centralized database system 

that is to be developed. 

· uf FJ>!:8 !8: q@J @j 0V[ j 0J R!0R®!qf 

· @!> !8©X6©J> RX88JRq @j0V[ j0J VJ©!RJ qX: Jq@J0o 
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T9: Designing the camera used: 

This involves selected the camera type and it we want to wok . 

TlO: Built the needed classes: 

This includes built the classes that the camera needed to work. 

TH: Designing the User Interface: 

This includes built the final interface that the user well deal with in this 

system. 

T12: Implementing the hardware circuit: 

This involves creating and conceiting the hardware device alarm bell and 

alarm light to the parallel port. 

T13: Implementing the camera used in our system: 

Which includes creating and connecting the camera circuit through the serial 

port . 

8 



T14: Implementing the classes needed for the project : 

·@!> !8R6®VJ> !� 96J� J8q !89®q X®q9®q R6j >>J> q@j q X®0 >Q>qJ� 8JJVJV j6>X 
implement the camera driver . 

T15: Implementing the Interface program: 

This involves creating the final interface that the user can deal with. 

T16: Testing: 

This includes testing overall system by using multiple testing technologies. 

Tl 7: Documentation: 

This includes writing the full documentation for our system from the first 

moment the works began until the delivery time. 

9 



hor oU · j >• Duration and Schedule 

All of the above tasks are tabulated in the following table, which specifying 
tasks with its duration and dependences if found. 

Table 1.1 Task Schedule, Duration, and Dependence 

Tl 

T2 h1 Tl(Ml) 

T3 20 

· r 13 T3(M2) 

TS 12 T4(M3) 

· ¥ 13 T4(M3) 

· ( 17 T3(M2) 

T8 18 T7(M4) 

T9 16 T8(M5) 

TlO 22 T8(M5) 

Tll 17 T3(M2) 

T12 U1 T9,Tl0(M6) 

T13 20 T12(M7) 

T14 60 Tl3(M8) 

· h1 30 T14(M9) 

T16 18 Tl5(Ml0) 

T17 U¥¥ 

hc 



hor oUoh 266XRj q!X8 of Activities to Engineers 

This section specifies allocation of tasks to engineers participated in the 

system. 

· j S6J hoU 266XRj q!X8> of Tasks to Engineers 

Tl 

T2 Muhammad 

T3 Fady 

T4 Fady 

· 1 Mohammad 

T6 Ala'a 

T7 Ala'a 

· u Fady 

T9 Mohammad 

TlO Ala'a 

Tll Mohammad 

T12 Fady 

T13 Ala'a 

· hr Fady 

· h1 Mohammad 

· h¥ Fady 

T17 Fady , 4 X@j�� j Vn 26jl j 

11 



ho1 d>q!� j qJV Cost 

In this section we will demonstrate the system cost estimation in term of 

system hardware, system software, and human resources. 

ho1oh , j 0V[ j 0J Cost Estimation: 

The following table contains the main requirements for our system and their 

costs: 

Table 1.3 Hardware Cost Estimation 

One Personal Computer 600 $ 

Printer 80 $ 

CMUCamera 200 $ 

Operational amply fire 5$ 

Alarm Bell 5 $ 

Light Led U; 

Breadboard 5$ 

Total Cost 897 $ 

hr 



ho1oU 5X)q[ j 0J Cost Estimation: 

The following table contains the software that will be in our system and its 

cost: 

Table 1.4 Software Cost Estimation 

Visual Studio.NET 799 $ 

Windows XP professional 299$ 

Microsoft Office 329 $ 

Java Virtual Machine 200 $ 

Microsoft Visio 165 $ 

JCreator Pro 200 $ 

Total Cost 1992 $ 

ho1ov , ®� j 8 Resources Cost Estimation: 

The following table contains the human resources that will be used in our 

system and its cost. 

h1 
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Table 1.5 Human Resources Cost Estimation 

ho1or · Xqj 6 Cost: 
The total estimated costs that need to implement our system may be raised up 

to 6489 $. 

ho¥ "! >• Management: 

This section specifies the system risks that may face the developer, type of 

these risks, and resolution strategies for these risks. 

ho¥oh 5Q>qJ� Risks: 

In this project the team may face the following problems: 

I. Some activities may not be made on time for some reasons, such as any of the 

team members may become !66o 

2. The system may fail in the operation stage ... 

h¥ 



p 

3. Changing the requirements hi h · . . n [p !R6 0Jx®!0J � jYX0 0JVJ>!:8 j8 V 8JJV qX SJ 
proposed. 

4. The end-user may face some bl · · h · 90X6 eJ� > !8 ®>!8: q@J >Q>qJ� T J©J8 !) @J [ j8 q> � X0J 
or maybe he thinks that the system can do more than what is done. 

5. The cost of the project may exceed the estimated cost, so the budget will not cover 

the cost. 

6. Political situation may affect the time schedule. 

7. The time required to develop the system is underestimate. 

8. Failure in the system as a hole. 

1.6.2 Types of Risks: 

The possible risks are considered to be: 

1. Technology: the database management system used in the system cannot process 

as many transaction per second as expected, the network may become over headed 

by a high throughput resulted from sending and receiving messages. 

2. Human: any of the team members may stop his work for many reasons, such as 

illness. 

3. Organizational: organization financial problem force reduction in the system 

budget. 

h( 
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r o " Jx®!0J� J8q>f R@j8 : J q@J 0Jx®!0J0 hq> @!R@ fo ofo f � J8q>n [ 6 !R6 0Jx®!0J � j YX0 0JVJ>!:8 j8 V 
re-implementing. 

1o d>q!� j q!X8f the team requires developing the software is underestimating; the rate 

of defect repair is underestimating. 

1.7 Report Contents: 

This documentation consists of six chapters, each chapter contain many 

sections. 

The first chapter is an introduction which is consists of six sections general 

idea about the system and its importance, literature review, estimated cost, time plane 

and system schedule, risk management, and reports contents. 

The second chapter is a theoretical background which is consisting of three 

sections which have theoretical subject related to the main ideas of the system, 

information about special components, and system requirement. 

The third chapter is architectural design which is consisting of four sections 

whish have system objectives, general block diagram, how system work, and system 

modelling. 
The fourth chapter is detailed system design which is consisting of four 

sections, design option, detailed description of system component, user interface 

design, and general algorithms and flowcharts. 
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The fifth chapter is software needed for the project and algorithms and code 
listing for the project. 

The sixth chapter is system implementation and testing which is consisting of 

two sections system implementation, and testing. 

The seventh chapter is conclusion and future works which is consist of two 

sections conclusion and results, and suggestion for future developments. 

W!8j66Q q@J 0Jx®!0JV 8JJVJV j 99J8V!RJ> [ !66 SJ j 99J8VJVo 

h} 



p 

­ @j 9qJ0 · [ X 

Theoretical Background 

Uoh · @JX0Jq!Rj6 Background Related to the Main Idea of Project. 

UoU , j 0V[ j 0J Related to the Project. 
Uov g0XYJRq Integrity. 
Uor · @JX0Jq!Rj 6 Background about Project Components. 
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Chapter Two 

Theoretical Background 

This chapter provides an illustrative theoretical background for our project 

applications in general and for its each component in particularly. 

Uoh · @JX0Jq!Rj6 Background Related to the Project 

Project is fully constructed over a communication between the computer and human 

using camera . 

The problem of human-computer interaction can be viewed as two powerful 

information processors (human and computer) attempting to communicate with each other 

via a narrow-bandwidth, highly constrained interface. 
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To address it, we seek faster, more natural, and more convenient means for users 

and computers to exchange information. The user's side is constrained by the nature of 

human communication organs and abilities; the · computer's is constrained only by 

input/output devices and interaction techniques that we can invent. 

Current technology has been stronger in the computer-to-user direction than user-to­ 

computer, hence today's user-computer dialogues are rather one-sided, with the bandwidth 

from the computer to the user far greater than that from user to computer. 

Using eye movements as a user-to-computer communication medium can help 

redress this imbalance. This chapter describes the relevant characteristics of the Human eye, 

eye tracking technology, how to design interaction techniques that incorporate eye 

movements into the user-computer dialogue in a convenient and natural way, and the 

relationship between eye movement interfaces and virtual environments. 

Eye tracking technology is newest and not use in large domain to help other student 

and people to understand eye tracking technology, so we choose this project and so we 

don't found many subject that are talk in this side but the little we find it help us to 

understand the idea of eye tracking and how that technology are used and worked and well 

we make our project . 

From study the project that talk about eye tracking we set the plain of our project 

and how we well use the suitable hardware dive and how to connect theses devices into 

other and how they are worked and how we can connect them the personal computer , first 

we well talk about eye movement and the around environment. 

UU 



~ 

UoU , Q9Xq@J>!> j 8V , j 0V[ j 0J " J6j qJV qX q@J g0XYJRq 

UoUoh , Q9Xq@J>!> 

As with other areas of research and design in human-computer interaction, it is 

helpful to build on the equipment and skills humans have acquired through evolution and 

experience and search for ways to apply them to communicating with a computer. 

Direct manipulation interfaces have enjoyed great success largely because they draw 

on analogies to existing human skills (pointing, grabbing, moving objects in space), rather 

than trained behaviors. 

Similarly, we try to make use of natural eye movements in designing interaction 

techniques for the eye. Because eye movements are so different from conventional 

computer inputs, our overall approach in designing interaction techniques is, wherever 

possible, to obtain information from a user's natural eye movements while viewing the 

screen, rather than requiring the user to make specific trained eye movements to actuate the 

system. 

This requires careful attention to issues of human design, as will any successful 

work in virtual environments. The goal is for human-computer interaction to start with 

studies of the characteristics of human communication channels and skills and then develop 

devices, interaction techniques, and interfaces that communicate effectively to and from 

those channels. 
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We thus begin with a study f th h . . o e R6 j0 j RqJ0!>q!R> X) natural eye movements and 
then attempt to recognize appropriate patterns in the raw data obtainable from the eye 
q0j R• J0n q®08 q@J� !8qX qX• J8> [ !q@ @!:@J0#6Jf6 of V VJ®~ fo fo of #p©J6 � Jj8 !8: n j8 6J>!:8 !8qJ0j Rq!X8 qJR@8!x®J> 
for them around the known characteristics of eye movements. 

This approach to eye movement interfaces meshes particularly well with the field of 

virtual environments. The essence of virtual environment and other advanced interface 

approaches is to exploit the user's pre-existing abilities and expectations. 

Navigating through a conventional computer system requires a set of learned, 

unnatural commands, such as keywords to be typed in, or function keys to be pressed. 

Navigating through a virtual environment exploits the user's existing "navigational 

commands," such as positioning his or her head and eyes, turning his or her body, or 

walking toward something of interest. 

By exploiting skills that the user already possesses, advanced interfaces hold out the 

promise of reducing the cognitive burden of interacting with a computer by making such 

interactions more like interacting with the rest of the world. 

The result is to increase the user-to-computer bandwidth of the interface and to 

make it more natural. 28 approach to eye movement interaction that relies upon natural eye 

movements as a source of user input extends this philosophy. Here, too, the goal is to 

exploit more of the user's pre-existing abilities to perform interactions with the computer. 
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Moreover, eye movements and virtual environments both exemplify a new, non­ 

command style of interaction. Some of the qualities that distinguish such interfaces from 

more conventional types of interaction are shared by other newly emerging styles of 

human-computer interaction that can collectively be characterized as "non-command­ 

based." In a non-command-based dialogue, the user does not issue specific commands; 

instead, the computer passively observes the user and provides appropriate responses to, for 

example, movement of his or her eyes, head, or hands. 

Non-command-based interfaces will also have a significant impact on the design of 

future user interface software, because of their emphasis on continuous, parallel input 

streams and real-time timing constraints, in contrast to conventional single-thread dialogues 

based on discrete tokens. 

UoUoU , j 0V[ j 0J Component 

The hardware equipments needed for the operation of this system are: 

• A personal computer. 

­ 4w cam version one type six. 

• Breadboard. 

j \ 9qXR®96J0 er » U1s 

fo e»g» 37FUr v­ 3s j8 V (PNP "BD244C") j · 0j8>!>qX0 
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• " J>!>qX0> ehccnUUc ©U Jj R@s o 

• DC Motor. 

• A 12V,5V power supply and connection wires. 

The Operating systems that must be installed on the PC is Microsoft Windows f<9e" s 

Professional. 

We use CMUcam in this project because we need sensitive camera for the color that 

are efficient for eye tracking and more fast in capture and processing the captured !� j : Jn 

and because the eye boll movement is very fast the CMUcam is very fast in taking and 

processing the frames 

W!: Uoh q@J CMUcam 
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Fig 2.2 board layout 

Power 

The input power to the board goes through a 5 volt regulator. It is ideal to supply the 

board with between 6and 7 volts of DC power that is capable of supplying at least 200 mill 

amperes of current. 
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Power 

f T � ®X:E gXE $X 
} PE pX 

0110 0110 

l: !. J0XX Nj..T 

W!: Uov gX[ J0 ports 

Level Shifted Serial Port 

This port provides full level shifting for communication with a computer. Though it 

only uses 3 of the 10 pins it is packaged in a 2x5 pin configuration to fit standard 9 pin 

ribbon cable clip-on serial sockets and 10 pin female clip on serial headers that can both 

attach to a 10 wire ribbon cable. 
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f # 
W!: Uor I J©J6 Shifted Serial Port 
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Fig 2.5 Level Shifted Serial Port 

TTL Serial Port 

This serial port taps into the serial I/O before it goes through the MAX232 chip. This 

port may be ideal for communication with a microcontroller that does not have any built in 

level shifting. Note that, it may be necessary to remove the max232 chip. 
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programming Port 

The programming port allows the firmware to be downloaded to the SX28 using 
a SX-Key / Blitzer or equivalent programmer. 

(Circuit Side Up) 
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Fig 2. 7 Programming Port 
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UoUov 5X)q[ j 0J Feature 

5®8 VJ>R0!SJ> $j ©j j> j 3·l 6J S! ~o >!� 96Jn XSYJRq#X0!J8qJVn !8qJ090JqJVn 0XS®>qn >JR®0Jn 
j0R@!qJRq®0J#8J®q0j6n 9X0qjS6Jn @!:@#9J0)X0�f h®6q!q@0JVJ ·1 ~ j8 RJn � 6q!q 0Jj VJVn j8 V VQ8j�! R 
language." 

The combination of these features makes Java a powerful and useful programming 

language that empowers you, the programmer, with the tools you need to easily create 

powerful programs for today's distributed environments. 

✓ Simple 

Java is simple to use for three main reasons: First, Java is familiar to you if 

you know C. Second, Java eliminates components of C that cause bugs and memory 

leaks and replaces their functionality with more efficient solutions and automated 

tasks, so you have a lot less debugging to worry about than you would using C or 

C++. Third, Java provides a powerful set of pre-tested class libraries that give you the 

ability to use their advanced features with just a few additional lines of code. 

✓ Object-Oriented 

Java is an object-oriented programming language that uses software objects 

called classes and is based upon reusable, extensible code. 

This means that you can use Java's classes, which are sets of variables and 

th d lat t Create other classes with added functionality without me o s, as temp es o 
rewriting the code from the parent classes or super classes. 

vr 



If you plan your j 996!Rj q!X8l> R6j> > @! 
easy to develop Th hi > !J0j0R@Q [ J66n your application will be small and 

o J !J0j0R@Q X) classes is explained later in this chapter. 

✓ Interpreted 

you need only to compile for a single ©!0q®j6 hin , mac e and your code can run 
on any hardware platform that has the Jav . 1 a m erpreter ported to it. 

✓ Secure 

Java is secure, so you can download Java programs from anywhere with 

confidence that they will not damage your system. 

Java provides extensive compile-time checking, followed by a second, multilayered 

level of runtime checking 

✓ High Performance 

Java is "high performance" because its byte code is efficient and has 

multithreading built in for applications that need to perform multiple concurrent 

j Rq!©!q!J>o 

Although threads still require the use of classes, Java balances the addition of thread 

synchronization between the language and class levels. 

Java's byte code is efficient because it is compiled to an intermediate level that is near 

enough to native machine code that performance is not significantly sacrificed when 

the Java byte code is run by the interpreter. 

v1 
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Uov g0XYJRq p8qJ: 0!qQ 

User Side: 

The part !8 the project must be compatible with each other started with the o l ®>J0 JQJ !q � ®>q SJ 8X0� j6 JQJ j6q@R h:@ q@J p ou t e ashes over the eye make some nose !8 
the selected frame, also some time the user eye ball h bl k 1 ave ac co or as the lashes 
cooler so the camera track both the lashes and the ball d thi · JQJ j8 !> :! ©J [0 X8: ©j6®J 
for the new x & y coordinate value . 

The eye ball movement is very small so it hard to track it so we cam put the 

camera !8 near location to the user eye and the user can move his eye ball !8 slow way 

in order to have correct result !8 the tracking process . 

Camera Side : 

In the camera side in order to be combatable to our system we must give it 

suitable DC voltage and current and deal with it !8 sensitive way and !8 the tracking 

process we can we can change it focus value to give frames with smallest value of 

noise and make its location fixes because any motion for it give wrong value !8 the 

both domain software and hardware . 

PC Side: 

The PC witch the camera work on must have a serial port !8 order to exchange 

data between the camera and software application among it, also the PC must be 

contain a parallel port to enable the user to control the hardware circuit through it, we 

v¥ 
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need just two pen in the parallel port so there no need to need to active all the parallel 
port pens, the isolated circuit must be built in order to protect the PC parallel port . 

In the software part the PC speed must be acceptable to order to combatable with high 

camera processor speed, also it must have some version of NM to run the application 
on it. 

In the desktop we arrange the important item near to the side of the screen that 

start with (0,0) pixel because the tracking result x & y don't contain the all the user 

screen, and we decrease the time to open item or to select item !8 desk top because 

the tracking curser are very twitter so we cant fixed the curser along time !8 specified 

location, in response the agent painter we design it to be an example for the future 

program the worked under tracking system . 

DC Motor Side : 

We don't choose an complex circuit for the motor also we don't choose 

j RR®0jqJ motor type because we need just to open window and close it, so there is no 

reason to put our self in problems we don't it such that the angle of the motor and 

arrangement of the signal from the parallel port in order to activate the motor . 

Uor · @JX0Jq!Rj 6 Background about Project Components 

fo Jn !VJo)®66 J<96j8 j q!X8 X) Jj R@ RX� 9X8J8q j8 V Jj R@ 9j0q p8 q@!> >JRq!X8n [ J 90X©!VJ j 

of this project. 
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Uor ohoh ­ 4w Rj � m!>!X8 5Q>qJ� 

Traditiorially fast computers are needed to capture and process camera 

!� j: J>o pq !> j6>X 8JRJ>>j0Q qX [0! qJ q@J >X)q[ j0J qX 9J0)R q@!> oo 7 uorm. s processmg. ecause 
of this it is difficult to use vision as a sensor in simple systems. 

The CMUcam vision system uses a fast low cost microcontroller to handle all 

of the high speed processing of the camera data and contains software to perform 

simple vision tasks. 

Because the user can choose to output only low bandwidth high level 

information from the vision system, like the red object is at 9X>!q!X8 B#Cn !q is 
possible for a simple processor like a PIC microcontroller to read this data and direct 

a small robot in tasks like chasing a colored ball. The CMUcam vision system makes 

it possible to ignore the complexity of camera interfacing and use vision just like any 

other sensor (i.e. sonar) often used in robotic systems. 

Uor ohoU ­ 4 wRj � PCB Board Costs 

The CMUcam PCB board costs about $60. The cost of the components to 

stuff the board at unit cost is about $34. The total cost of a single vision system is 

about $100. 

vu 
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Uor ohov ­ 4w Rj � W0j � J "j qJ 

The fastest frame rate is 16 7 )0 . . . runes 9J0 >JRX8Vo ·@!> means CMUcam can 
qJ66 QX® q@J 9X>!q!X8 X) j8 XSYJRq j SX®q h( ° times per second. Using the serial software 
protocol you can slow this down if de . d >h0Jo 

Uor ohor 7 j ®V Rates That the CMUcam Support 

As of the latest version of the firmware (vl.12) the CMUcam can 

communicate at baud rates of 9600, 19200, 38400 or 115200. Toe baud rate is 

selected via jumper settings on the board. 

Uor oho1 w9:0j V!8: CMUcam Firmware 

If you are currently using firmware v 1.11 there is no reason to upgrade unless 

you need support for the lower baud rates. Version 1.11 supports 38400 and 115200 

baud. Version 1.12 supports those baud rates and adds support for 9600 and 19200 

baud. To upgrade your firmware you will need to reprogram the flash memory in your 

processor chip. The easiest way to upgrade is to purchase a new processor with the 

new code flashed into it. 

To do this contact the company you purchased QX®0 ­ 4w Rj� )0X� o If you 
have a programmer (which is expensive) you can download the current version from 

our Downloads page and re-flash the processor yourself. 

v} 
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Uor oho¥ ­ 4 wRj � ­ j 8 k X0• \ ®q>!VJ 

­ 4w Rj� [ X0•> X®q>!VJ S®q 8Xq V! of Xh !8 6!0JRq >®8>@!8Jo The CMOS camera we are 
using does not have a high-quality IR filter j8 V >®86!:@q q@ d · 1 ~ >X> @h£ >j q®0j qJ> !J 0J 9!<J6> 

and the image becomes, essentially, monochrome !8 direct sunlight. (It is possible to 

add an external filter to improve outdoor operation.) We have a short write up !8 

Publications that shows you how illumination conditions affect CMUcam. 

Uor oho( k 0!q!8: Custom Code WX0 ­ 4w Rj � 

Certainly. To do this, ask us for the firmware source code, order yourself a C 

programming environment for the Ubicom (Scenix.) chip and go for it. When we send 

you the firmware source code we will also send you a summary of how the code is 

structured and information about the programming environment we use. 

Uor ohou · @J Power · @j q ­ 4 wRj � ­ X8>®� J 

The complete system consumes about 200 mill amperes. 

Uor oho} k@J8 The Camera's Field of View 

. th 1 q@jq QX® fit to the CMOS camera. If you order the 
This depends on e ens a 

· 8 d up with about j U1 VJ:0JJ 
CMOS camera as it is sold standard, you Wl en 

. You can custom-order wider angle lenses 
field of view, which is relatively narrow. 

[ @J8 QX® X0VJ0 QX®0 ­ 4 \ 5 Rj� J0jn @X[ J©J0o 
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Unr ohohc g0XRJ>>X0 X) ­ 4w Rj � w>J 

Our image processing RXV !VJ f e res1 es on j �! R0XRX8q0X66J0 R@!9 from Ubicom 
running at ( 1 4,£ n q@J 5BUu2 ­o e» t th th · o e at e company that manufactures this chip 
0JRJ8q6Q R@j8 : JV q@J!0 8j� J )0X� 5RJ8!< qX wS!RX� os ·@!> R@!q jV > j66 q@J ·!° J6 • q> R6 q9 0Jj V> J 9!<J6> 

from the CMOS camera via a parallel interface and does all the processing in real 

time. It then communicates the results to your microcontroller or computer via a 
serial port interface. 

Uor ohohh F J©J6X9!8: More Powerful Versions of This Vision Sensor 

Yes. We are currently working on a system which uses the Ubicom SX52 

processor. This processor runs 33% faster than the processor we are currently using 

and has almost twice as much RAM and twice as much flash program ROM. 

With this processor we should be able to achieve a higher frame rate and 

include more functionality in the system. We chose not to use this processor in the 

initial system because it is only available in a harder to work with surface mount 

package. 
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3.4 Project Design Block Diagrams. 

3.5 Project Interacting With the Surrounding Environment. 

42 



Chapter Three 

Project Conceptual Design 

p8 q@!> R@j 9qJ0n [ J j0J : X!8: qX VJ>R0!SJ q@J VJqj!6JV XSY# 1° · · VJqj !6JV XSYJRq!©J> X) q@J >Q>qJ� n q@J : J8J0j 6 
S6XR• V!j:0 j� j8 V J<96j !8 @X[ q@J >Q>qJ� [ X0•>o 

3.1 Project Objectives 

This project supports many ideas and objectives that can be summarized as follows: 

• Moving the mouse curser by eye tracking . 

• Help handicapped and to move the normal PC computer mouse curser easily 

• 

• 

Creating an over view to other people who don't have background about eye 

tracking and its advantages. 

To provide the user ability to connect the pc computer [! q@ other devices and how 

to build suitable interface using appropriate programming language. 
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• Using eye tracking to control so h 
. . d � J j0V[ j0J j 996!Rj q!X8 such as closing and 

X9J8!8: [!8 jX [ o 

• Using eye tracking to control some ftw . . >Xh 0j0J j 996!Rj q!X8 >®R@ j> j : J8q 9j !8qJ0 
program. 

voU FJ>!: 8 Options 

we faced my option in our project design first the to select th tr kin · h v ol J RjR6 h: 90XRJ>> [! q 

camera or sensor and the second in design the selection the motor ty V !qf V0! · · · pe an 1 s ve crrcmt , 

here we well type our selection in each part and the reasons to select our choose . 

voUoh ­ j � J0j Selecting : 

p8 this section, the justifications the tow options : 

• EOG sensors. 

• Special purpose camera . 

The first way That using EOG sensors to the face of the user connected to an electronic 

circuit directly to the Computer through Parallel or serial port, EOG sensors measurement of 

changes in electrical potential difference across a subjects face due to eye movement, measured via 

electrodes attached to compass points on the face (see figure below) 

r r 



­ @j 88J6 \ 
6J)qy0!: @q 

­ @j 88J6 h 
6J)qy0!: @q 

W!: voh ®>!8: of sensor to measure electoral potential 

The second way is that it will comprise put special purpose camera that are sensitive to 

some cooler such that black and Wight , the function of this camera is to tracing the movement of 

the eyeball and every small interval of time the camera send an image to eyeball state to electrical 

circuit to emulate with basic pc mouse deeply the camera track the cooler of the eyeball and then 

out put of the circuit well we enter to parallel port and then work as basic mouse . 

I . 
y 
I 
I 
/ 

q! 

W!: voU ®>!8: of special purpose camera 
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The upper figure shower using of special purpose camera we select the second way to 

. our project because we find many reason !8 d6JRq0X#XR®6X:0j 9@Q q@j q make us avoid to use X0• l 
q@ most important reason is there expensive cost , q@J!hh e 

The second reason we faced it when we try to built the interface circuit between the 

t and these sensor , we cant found some necessary chips for this circuit such as filtering compu er 
q@ there' reason is the complexity of the circuit is self. j8 V J 

I Ji r · JJ6J 
i EJ•etrod• 

I r @q · JJ6J 
- £leot,-·otl• 

CZ 
hXoo0 

XSr 8V " I j @q dj0 
X'X 0 pJRqJXVJ 

° 

IIU:J 
221<!1 •!.'JF CT•!:E:T " I r 

5n¥hLhU 

WJ0 j @JjV 
- Elec"t.re4• 

W!: vov · @J complex circuit for EOG sensor 

vUoU 4 XqX0 Type : 

e is stepper motor and the second is 
of motor the first typ . . h 

In this section we faced two type and mention our >J6JRq!X8 !8 q e 
s and disadvantages !he VJ motor, we define each one advantage 

end of our working . 
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2 Stepper Motor : 
vU 

The main advantage characteristic of this mot • . or is its very accurate and its rotation defend 
the angle of rotation but the disadvantage of this qQ9 f . . SQ • • e \ � XqX0 !> !q> circuit driver is very 

complex qX S®!6q j8 V its work need some conditions such as it want d 4 . h o • f > qJR >!:8 j6 !89®q 3)0X� 9j0 j 66J6 
0q !8 X®0 90XYJRq j8 V !q 0Xqjq!X8 VJ9J8V!8: X8 q@J ©j 6®J VJ6 SJ f 9X 6jQ Jq[ JJ8 q@J>J >!:8 j 6> j8 V @X[ 

j8 Q >!:8 j6> are activate in the same time, also its not very found like de motor . 

N 0J>9X8>J qX our project we don't need accurate value of rotation we close and open accrete, and 

the circuit it don't work Wright way although we built its circuit with a help from electrical lab 

supervisor, 

vUov F­ Motor : 

This type of motor is simple to work it just need to signals one for rotation left and the 

other for rotation right, these signals are sourced form the parallel 9X0qn j6>X it very fundable and 
its circuit is not very complex to built and these type what we need for our application . 

vov FJ>!:8 Realization Approach (Implementation) 

One of the most complicated parts to decide on is how to apply our idea of project on the 

real world, many approaches are used, implementation, modeling, or simulation. 

3·4 Project Design Block Diagrams 

The following Figure shows the block diagrams of X®0 >Q>qJ� 
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Fig 3.4 Block Diagram For The System 

Now we will talk about the block diagram in more detail and the function for each block in 

the block diagram: 
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n w>J0 JQJ block 

This block represent the eye of the ®>J0 [ @!R@ o 
. . c act as an mput for imaging device ,moving 

q@ eyeball to any direction means that anew frame will b . 
J J an mput for the imaging device to be 

process to give different output. 

P ­ 4w Rj � J0j block 

This block represent the imaging device that process the input frame come from the user 

JQJn q@J imaging device will take a frame continuously every short period of time and give the 

process data for the pc computer as an input for it to give the needed target output. 

• Parallel port block 

This block used for transfer the process data to the pc computer, and its act as interface 

between the computer and imaging device and the curser of the mouse will move cording to signal 

!8 the each part, the signals in the ports will be pressed by the computer application that will we 

build it at and the result will determined the location of mouse curser. 
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n g­ RX� 9®qJ0 block 

This block represent a normal pc computer that h ld th d . . . 
Xp hJ VJ©J6X9� J8q j 996!Rj q!X8 [ J [! 66 

S l$V it injava language to do processing operation for data th t fr 
wh a come om the parallel port. 

, JAVA applications block : 

This block represent the desk top application where the user can select item and drag item, 

this can be performed by using threads in java language which mean that when we stopped on 

selected item some time the mouse function processed on this item, this bock also contain the 

agent painter application as we mention the painter let us to draw figure and colored it using the 

through the eye tracking application . 

• DC Motor application : 

This block represent the both the DC motor device and driver circuit, when the de motor 

receive (1,0) from the two pens on the parallel port the DC motor is rotate left and when it receive 

a(O,l) signals form the parallel port in arrangement it rotate left and when it receive nether (0.0) 

signals form the parallel port it don't work . 

v1 g0XYJRq p8qJ0j Rq!8: [ !q@ q@J 5®00X®8V!8: d8©!0X8� J8q 

V ends on certain assumptions regarding 
· @J 0J>®6q the end-user shall have with the eye mouse ep 
+@J ®>J0f 
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The user has normal, healthy eyes that b X Rj8 e detectable as 
device, can focus on a point for any am . any other eye by the imaging 

X®8q X) q!� Jn Rj 8 S6!8•n 
' 1 and can move smoothly. 

If the user is paralyzed, they will have a · 
X 9J0>X8 around t tt h ° c j ac the electrodes to the user's 

0j RJo 

, The user has a computer [! q@ j w57o g5yU c • h , , r sena port. 

, The imaging device refreshes often enough to catch blink h . . . j q@J � jYX0!qQ X) q@J q!� J )0X� 
the user. 

Success of the design may also be limited by the following factors: 

• The imaging device does not have an infinite refresh rate and may not process some inputs. 

• · @J mouse needs to be re-calibrated every time the user moves his or her head. 

• 2 severely handicapped user will need assistance to use the device. 
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Chapter four 

Detailed Technical Project Design 

4.1 Discussing Design Options and Justifying those Chosen for the System. 

4.2 Detailed Description of System Components. 

4.3 Overall System Design. 

r or w>J0 Interface Design. 
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Chapter four 

Detailed Technical Project Design 

Over View 

In this chapter we will talk in details about system design including design 

options and specify why we use it in implementing our system. 

4.1 Discussing Design Options and Justifying those Chosen For the System: 

In this section, we will demonstrate design option for the system, and discuss 

why we choose it in implementing the system, in terms of programming language and 

­ 4w Rj� J0j o 

1v 



r ohoh ­ 4w ­ j � J0j 

­ 4w Rj� J0j divided into ©J0>!X8 ­ 4w Rj � 6 j 8V CMUcam2 both of them work 

1• n the same way but the differ in structure This type of c b V v j� Rj8 J ®>J )X0 � j8 Q 
systems and projects can be used for IRIS projects robot and eye tracking. 

This type of cameras is designed for tracking system and its original work is in 

robot system specially playing football robot, the camera track the ball on area and give 

its location on the area to the control unit in the robot and this unit move the robot motor 

depend in that location, we edit this idea to eye tracking and so we choose this type of 

camera. 

r ohoU g0X: 0j � � !8: Language : 

We chose the Java programming language in our project because we familiar on 
f !qQ >q dy also its simple and worked in it because we study it through our umversI s u 

. ·t · th e some driver for the camera deferent platform, and the main reason for choose I IS er . . 
t st the camera if work or not IS a Java are written in java language and the way to e 

application. 

r ohov , j 0V[ j 0J Selection : 

0� q@J idea of the project, we design our project 
The idea of hardware come fo with this hand so we 

· OjmJ ability to use the � ®>J +X >9JR!j 6 9®09X>J 9JX96J [ @X VX8lq @j 

1r 



chose the hardware application to complet th e e soft ware functi d . 
to not just control the computer using hi on an help this person 

s JQJn j 6>X he can do other q@! o 
close a [! 8VX[ !) @J VX8lq have ability to walk. ngs like open and 

4.1.4 Serial Port: 

Serial port is a serial communication physical interface through which 

information transfers in or out one. bit at a time Throughout t f h hi • mos o t e story of 
9J0>X8j 6 RX� 9®qJ0>n Vj qj q0j8 >)J0 q@0X®: @ >J0!j 6 9X0q> RX88JRqJV q@J hqJ VJ 1 J RX� 9®qJ0 qX 6J©!RJ> 

such as terminals or modems, keyboards, and other peripheral devices also connected in 

this way. 

4.1.5 Parallel Port : 

We chose the parallel port to be the output station not the serial port for the 

project because we continuously take data from the serial port and if we need to have an 

out put such that activate the DC motor and in the same time take frames form the 

camera this wen making aloes for both output and input data, so we choose the parallel 

port. 

r oU FJqj !6JV Description of System Components: 

. . • bout the component that used to 
· @!> >JRq!X8 RX8qj !8> VJqj! 6JV VJ>R0!9q!X8 j 

develop our system. 
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r nUoh ­ 4w ­ j � J0j f 

The CMUcam was the basis of eye q0j R• kJ f e were given the CMUcam and told 
qX VJ>!:8 j >Q>qJ� j0X®8V !q qX qJ>q >X� J X) q@J Rj � J0j l> )Jj q®0J V 6!» >» f pJ J> j8 6!� !qj q!X8>o k J 
chose to design eye tracking which we felt would leverage the strengths of the 

cMUcaml. 

For our purposes we needed the camera to be able to track a moving eye a high 

enough frame rate so that we could get reasonably accurate enough information to 

determine the motion of the eye. The CMUcam tracks at a frame rate that appeared to be 

high enough to accurately track a moving eye within the parameters of our system. 

4.2.1.1 Tracking A Color For Eye and How Does the CMUcaml Do It 

Color tracking is the ability to take an image for eye background , isolate a 

particular color and extract information about the location of a region of that image that 
q@jq ·® are given a photograph that 

contains just that color. As an example, assume a QX 
. ere to ask you to draw box around 

contains a red ball sitting on a dirt road. If Someone w 
. would quite easily draw a rectangle 

anything that was the color red in the image, you ' 

around the ball. 

1¥ 



This is the basic idea behind RX6X0 q0jR •!h f 
8: o CX® V!V 8Xq 8JJV qR •8 X q@ 

XSYJRq [ j> j Sj66o CX® X86Q 8JJVJV qX @j ©J hc hX[ q@j q q@J $ Jj RX8RJ9q X)q@J 6R f 
the object in the picture. co or red m order to isolate 

In this section we will briefly address how q@J ­ 4wR e cam I actually uses the 
information in a camera image to perform color tracki ng. 

In order to specify color, you need to define a minimum and maximum allowable 

value for each of those three color channels. 

Every unique color is represented by a red, green, and blue value that indicates how 

much of each channel is mixed into that final color. The tricky part about specifying a 

color is that you need to define a range of allowable values for all three color channels. 

since light is not perfectly uniform and the color of an object is no perfectly 

uniform, you need to accommodate for these variations. However, you don't want to 

relax these bounds too much, or many unwanted colors will be accepted. - 

. h 1 channel is converted into a number 
Smee, in the case of q@J ­ 4w Rj� 6n eac co or 

b h h 1 with two numbers, 
Jq[ JJ8 h¥ and 240, you can bound eac R0 j88 J 

an upper and lower limit. 

1( 



If you have two limits for each f h Xq q@J q@0JJ R@j88 J6>n q@! 
can be used to constrain the J8q!0J RX6X0 ~ p5 means that six values 

r space that you wish t 
colors being represented by a cube where each . . . 

c 
track. If you imagine the 

>!VJ !> j V!))J0J8q RX6R f@ 
green and blue) then the six values ®>JV q ·E or R@j88 J6 e0JVn 

o se ect your color [ X®6V V0 
dimensional box inside aw a three 

once you have a bound for the color you · h 
. WIS to track, the CMUcaml takes these 

SX®8V> j8 V 90XRJ>>J> q@J !� j : Jo 

There are many ways to track colors in an image that b . can J x®!qJ RX� 96J<o The 
­ 4w Rj� 6 ®>J> a simple one pass algorithm that processes each new image frame from 

the camera independently. 

It starts at the top left of the image and sequentially examines every pixel row by 

row. 

If the pixel it is inspecting falls inside the range of colors that q@J ®>J0>9JR!)!JVn !q 

� j0 •> that pixel as being tracked. It also examines the position of the current tracked 

pixel to see if it is the top most, bottom most, left most or right most position of all the 

tracked pixel found thus far in the image. 

If it finds that the pixel is outside of the current bounding box of the tracked 

region, it grows the bounding box to contain this new pixel. Because the location of even 

a single tracked pixel can change the bounding box, the bounding box can sometimes 

fluctuate quite a bit from frame to frame. 

. used to reduce some of that fluctuation. 
» X!>J )!6qJ0!8: e>JJ 8J<q 9j0 j:0 j 9@s Rj8 S© 
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The only other major piece of information th t . . . jqh> >qX0JV !> )· n 
d. f a sum \ the honzontal and 

vertical coor mates o the tracked pixels. At th . 
· JJ8V q@J !� j : J QX® Rj8 qj• J q@J 

horizontal sum and the vertical sum of the track d . h . e pixe s and divide each by the total 
number of tracked pixels, you get a value that h h 

5p p\ k 5 [ ere the middle of the tracked 
object is located. Because each tracked pixel X86Q q0!S o RX8q ®qJ> j small part to the final 
horizontal and vertical sums the middle ( often called th . e centric) of the tracked pixels is 
typically a much more stable measurement than the bounding box. 

Once all of the pixels in the image have been checked, the total number of tracked 

pixels can also be used in conjunction with the area of the bounding box to calculate the 

confidence of the tracked object. 

Noise filtering allows us to make the color tracking ranges larger so we can 

accommodate larger variations in the image pixel values without causing other random 

G©j0!j q!X8> in the image to be tracked. The idea behind noise filtering is that we only want 

to consider a pixel to be of the tracked color if it is part of a group of pixels that are 

within the color tracking bounds. 

Again in the CMUcaml we implement this in a way that only requires a single pass 
o o o o h • · ge q@J ­ 4w Rj� 6 � j !8qj!8> a X©J0 q@J !� j : Jo k@!6J 90XRJ>>!8: q@J 9!<J6> !8 j8 h� j 

· h · ls in the current row before RX®8qJ0 [ @!R@ • JJ9> X) q0j R• X) @X[ � j8 Q >Jx®J8q!j6 9p<J] 

the current pixel were within the tracked 

color bounds. 

@J ®00J8q 9!<J6 is marked as j tracked 
p) that value is above the noise filter value then t e c 
9!<J6o 
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Fig 4.1 color tracking 

r oUohoU , X[ VXJ> q@J ­ 4 wRj � 6 VX W0j � J F!))J0J8R!8: f 

Frame differencing is a method of identifying changes in a series of images. 

Given multiple images at different times from the same or similar view points, it is 

possible to compare them in order to isolate objects that may have moved. 

Using the CMUcaml 's frame differencing functionality is a good way to 

¥c 



Vetect and track such motion in a scene h • nstead of sto · . . f l 0!8: j8 J8q!0J !� j : Jn q@J 
­ 4w Rj� p stores an abstraction of the image u • . . ' 

fi y5!8: j >!� !6j0 90XRJ>> qX RX6X0 q0j R•!8: n 
The CMUcaml will generate or compare th • . 

e image on a lme by line basis as it 
receives the data. 

d<j � 96Jf 

The CMUcam 1 internally represents a reference image as an array of 8 by 8 bytes. 

Each element of this array stores the average of a corresponding region on the main 

camera image. The default setting uses the green or intensity channel, but this can be 

changed for situations where one channel clearly shows more variation than the others. 

When a new image is read in, it is also converted into an array X) u<u SQqJ>o To look for 

a change, each block in the 8x8 grid is subtracted from the corresponding reference 

image block. 

If there is more than a specified threshold, a change is flagged. The rest of the data, 
. · 1 t 'd t' 1 manner to the way it is in color >®R@ j > � !VV6J � j> >o !> Rj 6R®6j qJV !8 j8 j6� X>q hVJ8qhRj 

l 
tracking. 

r oUoU 5J0!j 6 Port : 

and send to computer. 
Serial port used to received image from camera 
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The serial port is an Asynchronous port which transmits one bit of data at a time, 
>®j 66Q RX88JRq!8: qX q@J w2" · ­ @!9o 

Serial Ports are commonly found on the majority of PC Compatible computers. 

w>®j 66Q 0J)J00JV qX j > j F7} X0 F7U1 RX88JRq!X8n SXq@ X) [ @!R@ j V@J0J qX q@J " 5#UvUR 
interface standard and defined in p5\ Uhhc j8 V p5\ r } cUo F represents the shape of the 
connector if placed vertically as shown in the below illustrations. 

The number 9 I 25 indicating the number of pins found on the connector. DB9 
Serial connections are now commonly found on modern PCs where DB25 is commonly 
found on older computers. 

r nUov ­ X� 9®qJ0 device: 

When the image received by computer after transfer by serial port the user run 

the java program is built for determine the position of object by more one algorithm 
fo q@J ·!q!X8 j8 V Q 9X>!q!X8 q@J � X®>J R®0 like histogram algorithm and determme t e x pos1 IO 

cure moving in monitor of computer. 
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,J Ol'erall System Design : 

CMUc am Schematic 
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Figure ( 4.3) cMUcam Schematic 
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Chapter Five 

Software 

5.1 Software Needed. 

1oU W6X[ R@j 0q j 8V 26: X0!q@� >o 
5.3 Code Listing. 

1or gj R• j : J> w>JVo 
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­ @j 9qJ0 W!©J 

Software 

In this chapter we will talk well talk about software needed for the project 

and any other topics related such as, code, algorithms, flowcharts and how these 

component are work to gather to give us the specific function of the project. 

5.1 Software N ceded: 

fo v)q[ j0J 0Jx®!0JV for the project in order to 
Here we well talk about q@J � j! 8 >X 

. ate and testing the code. work correctly and � j• J !q Jj> Q to us to ere 

¥( 



1ohoh k !8VX[ > Bg f 

Rally the software the basic q@! o 
o 8: !8 X®0 proj t b 

operating system for the pc that c th ec , ecause we need an 
j00Q J j 996!Rj q!X8 >X)q[ j0 e. 

1ohoU 4 !R0X>X)q Visio: 

This program help us to draw the needed flowchart and bl • VT ) · 6XR• V!j:0 j� )X0 q@J 

project ' as we know these thing is important in order to understand the function of 

the project and how the code of the project are work. 

5.1.3 Java Virtual Machine: 

We must have new version of java virtual machine, this software is important 

for our project because our project application interface program is written in java 

language so, we need this software in order to run our application . 

¥u 



1ohor $­ 0Jj qX0 g0Xf 

This program is one of many program 
used qX [0 !q q@ · o . 1 e e Java code we R@X>J !q 

because we learn the Java language in our stud in . . ' 
. . . . Y q@J ®8!©J0>!qQ ®>!8: this program 

>X [ J j0J )j�! 6!j0 [ !q@ !qo 

1oho1 $4W Demo: 

This program help us in the testing state for the camera, and its java applet 

application that support multimedia device such as camera, microphone, specially 

you can used it when your device is connected through serial com . 

5.2 Flowchart and Algorithms: 

p8 o 11 qj6• about the basic flowchart for the system and other >JRq!X8 [ J [ J 
. thm used !8 the tracking !8 the camera 

flowcharts also we well talk about the algon 

we are used in our system . 

¥} 



1nUoh 7j >!R W6X[ R@j 0q WX0 q@J 5Q>qJ� f 

This flowchart show clearly how th 
e systems are k . . fo [ X0= j8 V Sj >!R j Rq!X8 q@J 

system perform j)qJ0 XRR®00!8: j8 V specific event. 

After starting the applet application [ J qj• J l!j6 )0 o e an 6!66q6 ame, this frame help 
us to select the cooler we want to track the camera st th • • • 1 d . ~ qX0J J !8!q!j6 < j8 Q [ !qR@ 
mean the canter of the cooler (object) because the cooler we want to track it should 
be cooler homogenous. 

The camera >qj0q qj•! 8: )0j� J> rapidly and start processes each frame 

individually ,and send the new x and y to applet application after each frame , the 

applet application take the new value of the x and y and compare them to initial 

values of x and in order . 

p) the values are equal no operation are perform , else the applet application 
· q@! operation importance is to test if the are entered into second RX� 9j0J X9J0j q!X8n 5 

New value of the x and y are in the range of sensitive area that make the 

parallel port give eclectic signal • 

or are change its location to the 
. the ran e the mouse curs 

p) the values j0J !8 : o allel the alarm circuit are 
1 · tion screen j8 V !8 9j0 

8J[ < j8 V Q ©j6®J !8 q@J j 996Jq j 996hRjq >qJ� [ J66 >qj0qo 
j66J6 9X0q so the alarm sys 

sourced by electrical signal from the par 

( c 



And if the new values X) < j8 V y are not equal the applet application just 
the mouse Cursor to 8J[ < j8 V y location and these operation are performed � X©Jl 

. unless we end the program . 0Jj V!6Q 

( h • 



HJq !8!q!j 6 )0j �J )0X � q@J Rj � 

Rj8 q0jR•!8: 
)®8Rq!X8 

p8qJ08j 6 
90XRJ>> 

d8V 90X:0j � 

W!: 1oh Sj> !R flow chart for the system 
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1oUoU · 0j R•!8: 26: X0!q@� f 

There many algorithm for tracking ' here we want to qj6• about the tracking 
j6: X0!q@� q@j q j0J ®>JV SQ q@J Rj� J0j n q@J j6: X0!q@� !0 v0qj 1P 1Sqj!Po q@ , unpo j8 RJ h> qX o tain e new 
value of x and from the current frame that taking by the camera . 

Now we well talk about how colour is being tracked, the way is simple the 

algorithm is used called colour Blob q0j R•!8: oq@J RX6X®0 blob tracking algorithm 

allows the user to enter minimum and maximum bound for each of either the three 

" H7 X0 YCrCb channel values . 

Each pixel in the buffer is compared against the user specific bound . the 

coordinate of pixel that fall within the colour bound are compared against precisely 

stored coordinate to generate abounding box . 

. th amera the microcontroller compare each pixel to As the data >q0Jj� � 8 J c 
�!8 and max colour value as well as wither matching pixels the CMU camera and 

al ul 1 d b the following formula produce a confidence measure c c j e C 

@!8 ixle / SX<Gj0Jj U1¥ confidence b8®� G� j qR] p£ g 

d b urnming all the x and y . . blob is also calculate y s 
· @J RJ8q0J X) j8 !VJ8q!)!JV i1 Q q@J 8®� SJ0 X) VJqJRqJV 9!<J6>o 

. I and diving that Q e RXX0V!8j qJ> X) q@J � j qR@JV 9!<J6> 
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W!: 1oU RXX6J0 blob tracking 

The center of an identified blob is also calculated by summing all x and y 

coordinates e of the match pixel and dividing that value by the number of detected 

pixel. 

The above illustrating representation j8 uBu SX®8V!8: box with j vv 3S6XS3 
n @J0J the RJ8q0!XV Rj6R®6j q!X8 [ X®6V look as the follows: 

Centriod_x b eUi vi rsvbU( y} bv 

Centriod_y b eUi vi rsvbU( y} bv 

o o o o 6XRj qJV j q (3 ,3) and is represented by dark 
5X q@J RJ8q0!XV !> q@J !66®>q0jq!X8 h> pc 

pixel. 
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1ov ­ XVJ Listing: 

In our system, we choose to design . t . $ 1 m ava Language because we have 
good background in it through our study !8 th h t . e as courses and j6>Xn !q @j ©J some 
library that support image processing and how to d h 'th • Jj n [! q !� j : J o 

1ovoh · @J Agent Painter: 

This application used the thread !8 java language , so when we stopped the 

R®0>X0 X8 >X� J !qJ� qX !8qJ0©j6 X) q!� J q@J Yj ©j j 996!Rj q!X8 R@JR• !) q@J q!� J X) q@J 
thread is end and then if the location is don't change the function of the mouse on 

that item is processed, such that click or released . 

First we built the painter and then we connected the x and y coordinate that 

the painter is used with eye tracking x and y coordinate output so its take its new 

value of coordinate from the tracking process, the new thing in the painter is the used 

of threads. 

1ovoU · @J desktop application: 

Thi 1. · · · ·1ar to the painter in using thread system but the > j 996!Rj q!X8 h> >h� ! 
d th desktop application we used some 

deferent between them is that when we use e 
. · . . d some command to be processed in the 

[ !8VX[ > )®8Rq!X8 such q@j q R6!R• >qj0q it nee 

same windows . 
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1ovov F­ 4 XqX0 ­ XVJf 

In this section we write the code for the needed operation form the motor , 

rotate left and rotate write and don't do any thing this code is done by activate tow 

parallel port pines and the value of these pines is control the function of the motor, so 

if we entered (0,1) vale the motor is rotate forward and ifwe enter the value is (1,0) 

the motor is rotate backward j8 V !) [ J J8qJ0 (0,0) the motor don't do any thing. 
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Chapter 5!< 

Implementation and System Testing 

6.1 Implementation. 

6.2 System Testing. 
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­ @j 9qJ0 5!< 

Implementation and System Testing 

¥oh p� 96J� J8qj q!X8 

In this chapter we will talk about the most important tasks in our system to 

work as needed, which is implementation and system testing. 

¥ohoh 5Jqq!8: up the Required Software and Hardware: 

Here we will demonstrate the required software and hardware that must be 

setting to implement our system. 
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¥ohoU 5Jqq!8: Up The Ha d r ware and 0 9J0j q!8: 5Q>qJ� >f 

The hardware e ui xq q9� J8q> 8JJVJV ) or the operation of this syst em are: 

• A personal computer. 

• CMU cam version one typ . e SIX. 

• Breadboard. 

• Relay. 

• Transistor (NPN). 

• Resistors ehccnUUc U Jj R@s o 

• DC Motor 

• Optocupler ( 4N25) 

• · 0j8> !>qX0 e»g» 37FUr v­ 3s j8 V eg»g 37FUr r ­ 3s 

• 2 hUm 9X[ J0 supply and connection wires. 

The operating systems that must be installed on the PC is Microsoft Windows 

Bg ® 9n 8» v 0X)J>>!X8j6o 

( } # 



¥ohov 5Jqq!8: Up The system software: 

The software packages that this system is built on are: 

• Microsoft Windows XP Professional. 

• Java Virtual 4 j R@!8J eYU>V•hor oUGhr so 

• Java creator. 

• Input/output packages for serial and parallel ports. 

¥ohor 2Rq®j 6 System Implementation 

A simple prototype of the project is shown in )!:®0J e¥ohs 

It shows the following parts: 

1$ 
•• 

5J0!j 6 
gX0q 

F­ 4 XqX0 

p89®q 
­ 4 w Rj � 

g j 0j 66J6 gX0q 

\ ®q9®q 

[! 8VX[ 

e of the project 
W!: ¥oh >!� 96J prototyp 

uc 



• PC that we used in the project which [ J S®!6q q@ $ p · · d th 
J 6j©j l0X:0j� !8 !q j8 J 

X9J0j q!X8 >Q>qJ� ®>JV !8 X®0 90XYJRq !> k !8VX[ > Bg n 

• Serial Port: which is the input port used, it receives the signal from the CMU 

camera and sends it to the PC, the data is fetched by the software (Java 
application). 

• CMU Cam: which gets the 9!Rq®0J )0X� q@J moving object to be tracked 
every O .23 second . 

• Parallel Port : are used as out put for this project , the pins of port are reactive 

when the cursor receive specific area in applet screen . 

• DC Motor : and used to control the window application so that close and 

open according to the signals come form the parallel port . 

6.2 System Testing: 

anent in single way and 
1k b t the testing for each comp Here we well ta a ou 
q@J !qJ:0j qJV [ j Q o then testing the >Q>qJ� !8 J hc 

uh 



¥oUoh ­ 4w Rj � J0j Testing: 

First of all we should connect the came 
Vj qj>@JJq j8 V its port and its p ra correctly after underst d . X[ J0 9X0q the j8 !q 
+@J " 5#UvU >J0!j6 port and its i th ' camera have there port and we 11 s e normal pc port . we use 

The following figure sho th . w e senal cable for c . 
and the computer port · RX88JRq!X8 SJq[ JJ8 the camera 

!0X®8V 
Ng­ · 0j 8>� !qn 5RJ8!< " JRJ!©J 

g­ " JRJ!©Jn 5RJ8!< · 0j8> � !q 3l# ° OY= p ( 
0 
0 
° 

h 1 

,;::=:::. 
00 
° 
0 0 

f 
r2I 

W!: ¥oU 6J©J6 shifted serial port 

We must be carefully when we connect the power to the camera because its 

very sensitive and the wrong way my be destroy the camera, after do these steps we 

can move to next state which is getting frame form the camera • 

uU 



You well receive an qJffq! s mg applet jT 6! 
this code is called ( JMF D ) . PP icatton for the cam o · $J� XsYj ©j frame de . era when you buy it 
j S!6!qQ qX have single frame ~ th mo this application . pX0 !J camera . give you the 

- -- oooo .,.;.--· - l 

o
3b oo G· · · ° ·yf#°·° ·lTf°off·#o # ooo ##on##f#o 1 •.-.•.·.•.·.·.·.·.·.·. 

] : Jq®g !<J6 ] hnnn· · n· · oo nonf Gffno· #f · · h 
+ 

>j ©J $gH + a w 

g6fhj >d 0!f!Xh6!£c q@fh 96j QJ0)!0>f 

W!: ¥ov $4W Demo applet application for the camera. 

You first chose initiate player , to test if the camera are connect of not to the 

pc ,if you correctly connect the camera you we have the massage in the teat area box 

as ("Player initialized ") . 

Then you can chose the following SXqqX� e3: JqW0j� J3sn q@!> bottom save the 

image in the buffer of the camera, and in the same time you can see the selected 

!� j : Jo 

uv 



You can chose e3: Jq9!<J63s bott om to take th d . • · th • J< j8 C coordinate for ant pixel 
you R@X>J !q !8 !J image, at least QX® e3>j ©J)0j 

· )j� J3s bottom to save the frame to you 
pc q@J >J0!j6 RX� o 

In our project we pass this stat in excellent lt . resu , so test that our Rj� J0j h> 
work correctly . 

¥oUoU F­ Motor Circuit: 

The following figure is the way to connect this circuit and the power input 

for this circuit is come from the pc parallel port , we can use anther power supply to 

resource this circuit if we need to use high voltage device , more than ( 4-5) volt 

parallel port voltage . 

)n #}[kJ 

C 

W!: ¥or F­ motor system circuit 

ur 



¥oUov ­ XVJ Testing : 

The code testing is dive in tow art d . 
. p co e to active parallel port witch 

responsible for the output part of the pro· t th $JRqn hJ RXVJ )®8Rq!X8 !> q@J )X66X[! 8: 
when the mouse curser enter specific area in th • o J j 996Jq screen the parallel port we be 
j Rq!©J 

We can do that by suppose that thi · · · · · s j0Jj h> j8 unage m the applet application 

and save this image into two diminution array when we entered this area we have 

active parallel port . 

The second part of the code is to act as an input for the 9Jn q@J jenral work of 

the camera it to give us the new coordinate for the object, when we take these va;ues 

we can use mouse event that are support injava language to move the cursor along 

the java applet screen. 

We test the code for every part and it work correctly in our project, we have 

data in the parallel port and we have an input as two diminution array from the 

camera. 

u1 



¥oUor p8qJ: 0j qJV 5Q>qJ� · J>q!8: f 

Here we well try to test the complet t 
e sys em to gather , we well connect the 

camera as we mention !8 the last and connect th 1 . . 
e a arm crrcwt to the parallel port we 

well do the following steps !8 order: 

■ Start the applet application for the project 

■ Start on the power of camera , after check the power connection 

• Connect the alarm system to the parallel port 

• Locate the camera in suitable place in front of the eye of the user 

■ Take frame for the poll of the eye of the user in its first stare 

■ Select this ball as an object for tracking 

■ Call the tracking function for this object 

h e j8 j RR®>j S6J 0J>®6q for our work in this 
In the final we can say that , we av . 

)R q@J 8X8 >qX9 JQJ � Xq!X8o 
state , although we have noise that RX� J RX0� 

u¥ 



Chapter Seven 

Conclusions and Future work 

( oh W®q®0J work. 
( oU ­ X8R6®>!X8>o 

u( 



­ @j 9qJ0 5J©J8 

Future D 1 eve opment and C I . one USIODS 

In this chapter we will qj6• about f some o the difi • 
be done over our system in th fu mo canons that can e ture, and the conclusion that we derived it. 

( oh W®q®0J work: 

Our system can be modified on the future in many ways to achieve 

more technical systems, some of this modifications are. 

• Improving the system to be deal with more motion of the mouse cursors but 

VX >®� X) : J8J0j6 � X®>J )®8Rq!X8 >®R@ j> 0!:@q R6!R• j8 V 6J)q R6!R• j8 V 

select and other general mouse action • 

uu # 



• Improving the >Q>qJ� R®0>X0 qX SJ f J 0JRJ!©JV j 66 q@ . e tracked screen pixel. 

• We improve the system t b o e worked with . 9®S6!R 90X:0j� such ffi j> Xf !RJo 

• We can improve the sy t s em to reduce q@J j� X f 
8J[ ©j6®J RXX0V!8j qJo }®8q X) 8X!>J X8 8J[ < j8 V Q 

• We can improving the system h d ar ware to deal · h 
the DC motor and d wit more device rather than 

. d o more complex applications rather than open and close a 
[08 ow. 

( oU ­ X8R6®>!X8> f 

By ending the implementation of this system, we become familiar with the 

component that used on it, we learn many things to implement the system, some of 

these are: 

• We programming our system in java language, so we become specialist in 

java programming and we also now that the language is newer and important 

in our days . 

• The main idea of our project qj6• about image processing , so we become 

familiar with image processing such as image comparing ,how to fined the 

histogram ,deal [! q@ the image as an integer array · 

u} 
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j p8 X®0 90XYJRq [ J !8qJ0)j RJ SJq[ JJ8 q@J Rj� J0j !89®q j8 V q@J : J8J0j6 � X®>J 
function using serial port connection, so we now become familiar we the 
hardware connection using this port . 

■ We become familiar with principle of tracing system, so we can in the future 
design complex system that using tracking principle such as robots tracking 
system. 

} c 
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Rn eUs R (2) 

(1) 
E +p 

E (3) E (3) 
SC06960 
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hcc m 
uc 

hcc m ep # \ s uc m mR>X ­ X66JRqX0#7j >J mX6qj : J E - _ ) 

1 - RX6a!X#� !>J0 mX6qj : J 6X1± A mRJX 
¥ - 

2 mJ>X d � !qqJ0#7j >J mX6qj : J e6J # 
hc 

A 6J ­ X66JRqX0 ­ ®00J8q 
U [ 6R ­ X66JRqX0 Peak ­ ®00J8q - ¥1 · R 7j >J ­ ®00J8q oc o¥1 qX h1c - Is 

­ g X8 · Xqj 6 F!>>!9j q!X8 j q · n L U1 
h1c 
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o $ 8Rq!X8 J 
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0, d" 42 I F2· 2 

" J>!>qj 8RJ $®8Rq!X8#Rj >J 
" J>!>qj 8RJ $®8Rq!X8#j � S!J8q 4 j < 

4 j < 
ho} U 
¥Uo1 
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°C/W 

ELECTRICAL CHARACTERISTICS e· Rj>J b U1 ­ ®06 · o 
8 J>> Xq@J0[ !>J >9JR!)! Vs J ## Parameter >Q� SX6 Test Conditions Min. Typ. Max. Unit I ­ X66JRqX0 ­ ®q#X)) mJJ b 0j qJV mRX 6Rd> 

­ ®00J8q em>J b 0) cor � 2 - ­ X66JRqX0 ­ ®q#X)) mJJb 60 m 6R0X 
­ ®00J8q ep> b 0) co( � 2 - d � !qqJ0 ­ ®q#X)) ­ ®00J8q md b 5 m 6d7X 
e6Jb 0) h � 2 

mRd\ e>®>st ­ X66JRqX0#d � !qqJ0 6Jb 30 � 2 
5®>qj !8!8: mX6qj : J )X0 BD243B/BD244B uc m ep> b 0) for BD243C/BD244C hcc m 

mRde>j qst ­ X66JRqX0#d � !qqJ0 6Jb 6 2 p>b h 2 ho1 m 5j q®0j q!X8 mX6qj : J 

mj Jt 7j >J#d � !qqJ0 mX6qj : J 6Jb 6 2 mJJb r m U m 

@0d F­ ­ ®00J8q Hj !8 6Jb 0.3 2 mJJb r m vc 
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p8R@ ] 
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Fp4 o p 
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A 
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• 
1/4" c C3088 3o###33UPP With Digital Output 

JJ0j6 FJ>R0!9q!X8 
° 11te C3088 is j 6yr ° RX6X0 camera module with di . 
cMOS image sensor OV6620. Combining CMO gital output. It uses Om . . . n !J0!!R> � j• !> R>X>>l ! nnnnn333Q XJj 33n3n3° > j 996!Rjq!X8o l5X6®q!X8 )X0 !@0 PnEl 33 k q x®j6!qQ ©!VJX 

jhe digital video port supplies a continuous 8116 . 
)®8 

• @ S!q#[ !VJ j� J0j hRq!X8>n >®R as exposure gam . e image data stre . abl ' � jn : j !8n [ @!qJ Sj6 am. All 
windowing, j0J programm J q@0X®: @ p­ !8qJ0)jRJ i e ance, RX6X0 � j q0!< ­ o n 

1ncombine with OVSl 1+, USB controller chip, it will b . e easily fonn a USB 
Features: camera for PC application. # 
Ychnv( ¥ 9!<J6n CIF/QCIF format 
>� j66 size : rc < Uu �� 
hj8 >f )br o}�� e\9 q!X8j6s 
:yh¥ S!q video Vjqj of ­ ­ p"¥\ hn ­ ­ p"¥1¥n £© port 
Read out - progressive 
Data )X0� j q # C­0­S r fUfUn GRB 4:2:2, RGB 
l­ !8qJ0)jRJ 
k !VJ VQ8j� !R 0j8: Jn j8 q! S6XX� !8: n £J0X >� Jj0!8: 
Electronic exposure / Garn / White balance control 
Image enhancement - brightness, contrast, gamma, 

saturation, sharpness, window, etc 
Internal/ external synchronization scheme 
Frame exposure / line exposure option 
Single SV operation 
Low power consumption ( <1 OOm W) 
Monochrome composite video signal output(SO ,£ s 

!© J©k r ( !! ll8 j> >T >X» 6 9 j 0�' 9j bx! iqq!£88qYn 
. . 

L: q rn 
d n o} nn l c8$Q {k 2d )oe# l • 0Yo28Qy!T 30!ooooo## l·)¥- } n(( ·- » 

2 •••••••••••••••• 32 
•••••••••••••••• 31 

Soecification 

[B 

Imager \ m¥¥Ucn ­ 4 \ 5 !� j: J >J8>X0 
Array Size 356x 292 pixels 
Pixel size 9.0x82µm 
5Rj88 !8: Progressive 
Effective image area 3.lmmx25mm 
Electronic Exposure 500:1 
Gamma Correction 0.45/0.55/1.0 
SIN Ratio 48dB 
Min Illumination 3lux@Fl.2 
FPN <0.03% Vp-p 
Dark current LcoU 82yR� 
Dynamic Range 72dB 
Operation Voltage 5VDC 
Operation Current uc� k 2Rq!©J 

30 µW Standby 

Lens (Optional) F4.9mm, F2.8 

PCB Layout (Top side) 

Application Example 
' Video Conferencing 

PC Multimedia 
' Video Phone 
' VideoMail 
' Still Image 
' Machine Vision 
' Process control 

Note· E l . · va uation Board is available )X0 ­ vcuu 

Pin Description 

h#u C\# C·( Digital output Y Bus. 

9 gk F» Power down mode 

hc "5 · Reset 

11 5F2 l­ 5J0!j 6 data 

12 W\ FF Odd Field flag 

13 >­ I g­ 5J0!j 6 clock input 

hr ,"d W 
Horizontal window reference output 

h1 2H»F Analog Ground 

h¥ m5C» 
Vertical Sync output 

h( 2H» F Analog Ground 

hu g­ I { 
Pixel clock output 

19 
dB­ I { 

External Clock input (remove crystal) 

Uc vcc Power 5®996Q 1mF­ 

Uh 2H»F Analog Ground 

UU vcc Power 5®996Q 1mF­ 

Uv#vc w©X#wm( 
Digital output UV bus. 

vh GND 
Common ground 

vU 
m·\ 

Video Analog \ ®q9®q e( 1U � X8XR@0X� Js 



L 
0\ " \ Io2 

.. o,coNDUCTOR TECHNICAL DATA >J 5W 
: XSj6\9 qX!>X6j qX0 

: og!8 Fpg Optoisolators 
9j 8>!>qX0 \ ®q9®q 

r » U1y2n r » U¥n r » U( j 8V r »Uu VJ©!RJ> RX8>!>q X) j : j 66!®� ·!V 
n�j !!: V!XVJ X9q!Rj66Q RX®96JV qX j � X8X� ©R >RX8 !>an333- 

)0j6 >!q qX0 

jJ qJRqX• nnn N\9qX!> 6jqX ·­ @X!0 ±)X 0 4J n>q dRX8X� !Rj6 l9qX!>X6j qX0 e hc!RJ q X0 p yJV!®� 59JJVn 5[ !qR@!8: 2996!Rjq!X8> 
q> X0 J<RJJV> 266 $dFd­ " J: !>qJ0JV 59JR!)!Rjq!X8> n 4 JJ 
0VJ0 VJ©!RJ> that are tested and marked per VOE 0884 requirements th 

• ;~ "V'' must be included at end of part number. VOE 0884 is a test optlon.e 

AJ>plicafiOOS 
n HJ8J0j6 g®09X>J 5[! qR@!8: ­ !0R®!q> 
n p8qJ0)jR!8: j 8V RX®96!8: >Q>qJ� > X) V!))J0J8q 9XqJ8q!j 6> j 8V !� 9JVj 8RJ> 
n hyc p8qJ0)jR!8: 
n 5X6!V 5qjqJ " J6j Q> 

®y O. E® >y©l ® O¥ 
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Tracking Algorithm :

There many algorithm for tracking h . . ' ere we want to talk 
algorithm that are used by the came th . about the tracking ra, e algonthm' . 1mportan '
value ofx and from the current frame th ce is to obtain the new 
s te at takin) b_ g Y the camera . 

Now we well talk about how color is being tr k d . . . · rackec,the way is simple the
algorithm is used called color Blob tracking th 1 . . . e co or blob tracking algorithm allows 
the user to enter minimum and maximum bo dfc ·un or each of either the three RGB or 
YCrCb channel values. 

Each pixel in the buffer is compared against the user specific bound . the 

coordinate of pixel that fall within the color bound are compared against precisely 

stored coordinate to generate abounding box . 

As the data stream in the camera the microcontroller compare each pixel to 

min and max colour value as well as wither_ matching pixels the CMU camera and 

produce a confidence measure calculated by the following formula 

confidence = num_matching_pixle / box_area 256

d b umming all the x and Y
The centre of an identified blob is also calculate Yst;-% that by the number of detected pixels .
coordinates of the matched pixels and diving'2a! ?Y



----------
00 1 2 3 4 5 
1 6 7 

a,

2 

3 

4

5

6

7

The center of an identified blob is also calculated by summing all x and y

coordinates e of the match pixel and dividing that value by the number of detected 

pixel. 

The above illustrating representation an 8X8 bounding box with a 33 "blob",

here the centriod calculation would look as the follows: 

Centriod x = (2+3+4)*3=27/9=3 

Centriod_y = (2+3+4)3=27/9=3

(3 3) and is represented by dark So the centered is the illustration is located at ' . 

pixel. 


