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ABSTRAK 

 

 

 

Pada masa kini, penggunaan penglihatan stereo di dalam industri atau sukan semakin 

meningkat dari satu peringkat ke satu peringkat. Visi stereo juga boleh digunakan 

dalam industri seperti sistem robotik, orang pengesanan dan sebagainya. Malah, 

penglihatan stereo juga boleh digunakan untuk membantu doktor seperti pakar bedah 

dan doktor gigi. Untuk kertas ini saya memilih untuk menggunakan pemprosesan 

mendalam video menggunakan penglihatan stereo dalam permohonan sukan seperti 

bola sepak, bola jaring, badminton dan lain-lain Sebagai contoh dalam bola sepak, 

projek ini dibina untuk membantu mereka yang mempunyai masalah dalam 

pengurusan bola sepak dan juga pembentukan bola sepak. Kesulitan sentiasa berlaku 

dalam bola sepak adalah dalam untuk menganggarkan jarak antara pemain dalam 

pembentukan bola sepak. Ini Tujuan projek ini adalah untuk membangunkan satu 

sistem penglihatan stereo untuk permohonan sukan dan menganalisis peta perbezaan 

dalam pengukuran jarak objek. Dalam projek ini, ia memperkenalkan salah satu 

aplikasi yang banyak Matlab dan sistem penglihatan juga stereo. Akhir sekali, projek 

ini memberi tumpuan terutamanya kepada compability daripada Matlab dengan 

menilai dan menganalisis video yang direkodkan pada permainan. Pertunjukan Hasil 

eksperimen bahawa teknik penglihatan stereo yang hampir sama seperti peta jurang, 

ekstrinsik, imej pembetulan dan lain-lain. 
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ABSTRACT 

 

 

Nowadays, the using of stereo vision in industry or in sport are growing from one stage 

to one stage. The stereo vision also may be used in industry such as robotic system, 

people tracking and so on. Even, the stereo vision also may be used to help a doctor 

like surgeon and dentist. For this paper I choose to use a depth video processing using 

stereo vision in sport application such as football, netball, badminton and etc. For 

example in football, this project is built up to help those who have trouble in soccer 

management and also the formation of the football. The difficulties always occur in 

football is in to estimate the distance between player in football formation. This aim 

of this project is to develop a stereo vision system for sport application and analyse 

disparity map in object distance measurement. In this project, it introduce one of the 

many application of Matlab and also stereo vision system. Laslty, this project focuses 

mainly on the compability of Matlab by evaluating and analysing the video that 

recorded at the game. The experimental result show that the stereo vision technique 

matching such as disparity map, extrinsic, rectification image and etc. 

 

 

 

 

 

 

 

 

 

 



 

v 
 

 

 

DEDICATION 

 

 

Alhamdulillah, praise to the Almighty Allah S.W.T 

This thesis is dedicated to: 

 

 

My beloved family,  

My Parents, 

My Supervisor, 

My Lecturers 

And all my friends 

Thanks for their encouragement and support 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

vi 
 

ACKNOWLEDGEMENT 

 

 

 

Alhamdulillah, thank you Allah of His blessing, I finally complete and finish my final 

year project successfully. 

 

During the process to complete my project objective, I do a lot of researched either by 

using internet, reading past year thesis, reference books and journal. With the guidance 

and support from peoples around me, I finally complete the project due to the time 

given. Here, I want to give credit to those who helped me to achieve what I had 

achieved in my final year project. 

 

First and foremost, I would like to express my deepest gratitude to Ahmad Fauzan Bin 

Kadmin for giving me an opportunity working, kind, encouragement and suggestion 

under him supervision throughout this project. Without his continued support and 

interest, the project would not be like what it likes look today. May Allah bless and 

reward him for his sincere, endeavour and contribution in the way of knowledge. 

 

Special thanks to my peers, my friends to had been providing me remarkable ideas to 

improve the project. I also want to thanks to my beloved parents because without them, 

I will not be able to do well in my final year project. They did give me a lot of support, 

both from money and moral support to help me continue for what I had started on. 

May Allah bless and reward them for their sincere, endeavour and contribution in the 

way of knowledge. 

 

 

 

 

 

 



 

vii 
 

TABLES OF CONTENT 
 
 
DECLARATION ......................................................................................................... i 

APPROVAL ............................................................................................................... ii 

ABSTRAK ................................................................................................................. iii 

ABSTRACT ............................................................................................................... iv 

DEDICATION ............................................................................................................ v 

ACKNOWLEDGEMENT ........................................................................................ vi 

LIST OF FIGURES .................................................................................................. ix 

LIST OF TABLE ..................................................................................................... xii 

CHAPTER 1 ............................................................................................................... 1 

1.0 Introduction ................................................................................................... 1 

1.1  Project Background ....................................................................................... 1 

1.2  Problem Statement ........................................................................................ 2 

1.3  Objective ....................................................................................................... 3 

1.4  Project Scope ................................................................................................. 3 

1.5  Project Methodology ..................................................................................... 4 

1.6  Thesis Structure ............................................................................................. 5 

CHAPTER 2 ............................................................................................................... 6 

2.0  Introduction ................................................................................................... 6 

2.1  Stereo Vision System .................................................................................... 6 

2.2  Stereo Vision Development ........................................................................... 7 

2.3  Distance Estimation in Stereo Vision .......................................................... 11 

2.4  Stereo Vision in Sport Application ............................................................. 19 

CHAPTER 3 ............................................................................................................. 21 

3.0  Introduction ................................................................................................. 21 

3.1  Project Overview ......................................................................................... 21 



 

viii 
 

3.2  Project Flow Chart ....................................................................................... 22 

3.2.1  Block Diagram of the System .............................................................. 24 

3.3  Hardware Implementation ........................................................................... 26 

3.3.1  Camera Stereo ...................................................................................... 26 

3.3.2  ZED Stereolabs .................................................................................... 27 

3.4  Software Implementation ............................................................................ 27 

3.4.1  Stereo Vision Matlab............................................................................ 27 

3.5  Project Scope ............................................................................................... 28 

3.6  Testing Parameters ...................................................................................... 29 

3.7  Gantt Chart .................................................................................................. 33 

CHAPTER 4 ............................................................................................................. 35 

4.0 Introduction ...................................................................................................... 35 

4.1 Prototype of Project .......................................................................................... 35 

4.2 Image Matching Processing ............................................................................. 36 

4.2.1 Before and After Rectification ............................................................. 37 

4.2.2  Disparity Maps .................................................................................... 39 

4.2.3  3D Point Cloud .................................................................................... 41 

4.3 Video Processing ......................................................................................... 42 

4.3.1 Video Depth Processing For Sport (Netball) ............................................. 42 

4.3.2 Extrinsic Parameters Visualization ...................................................... 43 

4.3.3 Rectified Video Frames........................................................................ 44 

4.3.4: Grayscale Images ...................................................................................... 45 

4.3.5 Disparity Maps ..................................................................................... 46 

4.3.6: Reprojection Means Error .................................................................... 47 

4.3.7 3D Point Cloud ..................................................................................... 48 

4.3.8 Detection People .................................................................................. 49 

4.3.9 Distance Detected In Video ................................................................. 50 



 

ix 
 

4.4 Video Depth Processing In Single Movement ............................................ 51 

4.5 DISCUSSION ............................................................................................. 57 

CHAPTER 5 ............................................................................................................. 59 

5.1 Conclusion ................................................................................................... 59 

5.2 Future Work ................................................................................................ 60 

REFERENCES ......................................................................................................... 61 

APPENDIX ............................................................................................................... 63 

 

 
 
 

LIST OF FIGURES 

 

Figure 2.1:Binocular Vision ......................................................................................... 7 
 
Figure 2.2: Schematic of system setup (Chen & Zhao, 2010) ..................................... 8 
 
Figure 2.3: Result on this paper (Sun, Jeon, Lim, & Lim, 2010) ................................. 8 
 
Figure 2.4:Physical set up of Logitech QuickCam Pro 9000 web cameras (Sutton & 
Green, 2010) ................................................................................................................. 9 
 
Figure 2.5: Basic architecture of the target computing platform (Mattoccia, 2013) .... 9 
 
Figure 2.6: FPGA Stereo video processing system (Yuan, Haodong, Liwei, 
Mingcheng, & Teng, 2013) ........................................................................................ 10 
 
Figure 2.7: Disparity maps generated using different region based algorithm (window 
size followed by algorithm implemented). (Gundewar & Abhyankar, 2014) ........... 11 
 
Figure 2.8: The scheme of binocular vision distance measuring system (Hou, Cui, 
Geng, Yuan, & Hou, 2011) ........................................................................................ 12 
 
Figure 2.9: Two images recorded from a laterally displaced camera. The 
displacement of the objects provides relative depth information. (Holzmann & 
Hochgatterer, 2012).................................................................................................... 12 
 
Figure 2.10: Object detection result on stereo. (Mustafah, Noor, Hasbi, & Azma, 
2012) .......................................................................................................................... 14 
 



 

x 
 

Figure 2.11: Block diagram of overall system.(Pathade, Kadam, Kulkarni, & 
Teredesai, 2011) ......................................................................................................... 15 
 
Figure 2.12: Example implements a stereoscopic method to calculate the speed of a 
ball in every hit (Sekkas et al. 2015). ......................................................................... 20 
 
Figure 3. 1: Flowchart for overall 
project……………………………………………………………………………….23 

Figure 3. 2:Block diagram for the process 
flow………………………………………………………………………………….24 

Figure 3. 3:Flow chart the process of utilizing stereo camera in measuring 
distance……………………………………………………………………......…….25 

Figure 3. 4:Stereo 
camera……………………………………………………………………………….26 

Figure 3. 5: ZED stereo 
camera………………………………………….………………………………..…..27 

Figure 3. 6: Illustrate the 
project…………………....................………………………………………………28 

Figure 3. 7: System 
architecture……..…………………………………………………………………..29 

Figure 3. 8: Left and right image 
sample……………………………………………………………………………...30 

Figure 3. 9: Composite 
image…………………………………...………………….………………………30 

Figure 3. 10: Source code of composite 
image……………………………………………………………….………….…..30 

Figure 3. 11: The blob-like detection in both images left and 
right………………………………………………………………………..……….31 

Figure 3. 12: : Source code of blob-like 
detection……………………………………………………………………………31 

Figure 3. 13: Epipolar constraint 
removing………………………………………………………………………..…..32 

Figure 3. 14: Rectification 
images………………………………………………………………………...…….32 

Figure 3. 15: The Gantt chart of project 
planning………………………………………………………………………..….34 

Figure 4. 1: Complete protoype of stereo vision using 
ZED……………………………………………………………………….……….35 



 

xi 
 

Figure 4. 2: Image of 3D point 
cloud……………………………………………………………………………….41 

Figure 4. 3: Extrinsic parameter 
visualization…………………………………......………………………………….50 

Figure 4. 4: Rectified video 
frame………………………………………………………………………………..50 

Figure 4. 5: Disparity 
map……………………………………………………………………….………...51 

Figure 4. 6: Mean reprojection 
errors…………………………………………….……………………..…………..51 

Figure 4. 7: People movement 
detected………………………………………………………………….………….52 

Figure 4. 8: 3D cloud 
point……………………………………………………………………..…………..52 

Figure 4. 9: Video 
processing…………………………………………………………………………53 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

xii 
 

LIST OF TABLE 

 

 

Table 2. 1: Object height measurement (Mustafah et al.2012): Object height 

measurement……………………………………………………………………….133 

Table 2. 2:Object in left and right images with disparity and distance of the target for 

four test. (Mahammed et al. 2013)…………………………………………………..15 

Table 2. 3:Comparison distance between stereo vision and ultrasonic of distance 

error (Panich 2010)………………………………………………………………….16 

Table 2. 4:Comparison between journals in stereo vision development……………17 

Table 2. 5:Comparison between journals in distance estimation……………………18 

Tabel 4. 1: Image before 

rectified…………………………………………………………..………………….36 

Tabel 4. 2: Image after 

rectified………………………………………………………….…..…...………….37 

Tabel 4. 3: Image of disparity 

maps………………………………………………………………….….………….38 

Tabel 4. 4: Image of 3D point 

cloud……………………………………………………………..…..….…………..40 

Tabel 4. 5:Extrinsic of 

video………………………………………………………….….…………..……..42 

Tabel 4. 6: Rectified video 

frame…………………………………………………………...……….………….43 

Tabel 4. 7: Grayscale image before 

disparity……………………………………………..………………..…………….44 

Tabel 4. 8: Disparity 

map…………………………………………………….....………………………….45 



 

xiii 
 

Tabel 4. 9: Reprojection 

error…………………………………………………..……………………………46 

Tabel 4. 10: 3D pint 

cloud………………………………………………………………….…………….47 

Tabel 4. 11: Image of detection 

people……………………………………….…………………………..………….48 

Tabel 4. 12: Frame of video processing that detected 

distance……………………………………………………..……………….……..49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xiv 
 

LIST OF ABBREVIATIONS, SYMBOLS AND 

NOMENCLATURE 

 

 

SAD - Sum of absolute differences 

3D - Three dimension 

2D -   Two dimension 

CCD camera - charge coupled device camera 

FPGA - field-programmable gate array 

FIFO -  First in – first out 

DDR memories - Double data rate memories 

SIFT -  Scale-invariant feature transform 

ZSAD - Zero-mean sum of absolute differences 

ZSSD - Zero-mean sum of squared differences 

ZNCC - Zero-mean normalized cross-correlation 

RGB  Grayscale Image (Red Green Blue) 

SURF  Speed-Up Robust Features algorithm 

 

 

 



 

1 
 

 

 

 

CHAPTER 1 

INTRODUCTION 

 

 

1.0   Introduction 

This section focused on preparing the entire report content including the graphical 

illustration which can be found in appendices. This chapter focuses on the project 

introduction, background, problem statement, objectives and project scope regarding 

the project. The development of depth video processing using stereo vision technique 

in sport application will be explain more in detail. The problem statement states the 

reason why this project is being directed. At the point, toward the end of the section 

the association of the proposal will be clarify. 

1.1  Project Background  

Stereo vision is a computationally costly process that breaking point exact 

ongoing execution. However, this is more often than not because of substantial 

resolutions in top of the line cameras. At the point when ease web cameras are traded 

for high determination cameras, a viable constant stereo framework can accomplish 

ongoing execution. The accuracy of the difference of depth disparity information 

depends on the stereo camera adjustment and correction. For the most part in stereo 

vision framework the two cameras are essential. It means, these camera ought to have 

a similar trademark. The selection will depend on the same size of pixel and 

manufacturer. 
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Stereo vision is well suited to applications that require locating objects or 

obstacles, and this location data can be used to guide the movement of a robot or 

robotic arm. For navigating auto-nomous vehicles, depth information is used to 

measure the size and distance of obstacles for accurate path planning and obstacle 

avoidance. Stereovision systems can provide a rich set of 3D information for 

navigation applications, and can perform well even in changing light conditions. 

A stereo vision system is also useful in robotic industrial automation of tasks 

such as bin-picking or depalletization. A bin-picking application requires a robot arm 

to pick a specific object from a container that holds several different kinds of parts. A 

stereovision system can provide an inexpensive way to obtain 3D information and 

determine which parts are free to be grasped. It can also provide precise locations for 

individual products in a crate. 

For this project, a stereo vision system have been developed in sport 

application. Most popular now, the famous one sport in Malaysian are football and 

badminton. So, for this project it was apply in UTeM sport such Sukan Antara Fakulti 

(SAF). In this project, it was chosen a netball sport to apply in stereo vision technique. 

Besides that, this application can be applied to the others sport. 

In this project, the stereo vision are being applied in the sport application using 

stereo camera ‘ZED’. It also can detect player between player distances from camera. 

Based on the received measurement, it can helps people especially a coach or manager 

to build up their team formation and a strategy.  

1.2  Problem Statement 

Nowadays, the usage of stereo vision system in industry or in sport are growing 

from one stage to one stage. The stereo vision are most used in industry such as robotic 

system, people tracking and so on. Even, the stereo vision also may be used to help a 

doctor like surgeon and dentist. For this paper, a stereo vision sport application for 

especially in netball are being chosen. This is because netball one of the popular sport 

that everyone known. This is because the movement of game in netball are softener 

movement than other sport. Besides that, the often problem that occurs in netball is the 

difficulties to estimate the player between player distance in formation.  
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The other problem that can be happen is the dissatisfaction of team/coach and 

tactical/strategy in game. This project, will helps player to measure difficult estimation 

in sport. The solution is a device are used to estimate the distance between players will 

be developed. In addition, there are the problem of out positioning in netball. With this 

stereo camera or stereo vision system it can alert the player that they are out of position.  

1.3  Objective 

The project is implemented in order to achieve the following objectives which are: 

 

a) To develop a stereo vision system for sport application 

b) To analyses disparity map in object distance measurement 

 

 

 

 

1.4  Project Scope 

The scope of this project is to study the basic of stereo vision system from 

several publishes papers and books and also internet as well as to study the coding 

used to analyze the images and estimate the distance of the capture image from stereo 

camera. This project focus mainly on how to apply what that have been learn about 

the stereo vision, Matlab algorithm and an application. 

For this project, it will take place in a university place. It only involve in study 

literature, design, coding in Matlab and hardware. This project will only focus on the 

process of stereo vision is usually defined as finding a match between features in left 

and right images. It also design the stereo vision system with filter system. On this 

project, it also reconstruct 2D-3D images and other matching algorithm and also 

measure the distance. 
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1.5  Project Methodology 

In this project, there are several procedures that must be followed. Initially, 

information about stereo vision system and also measurement distance using stereo 

vision system technology are identified. Then, more information about the stereo 

vision system is gathered from the journals, internet and also articles. Next, the 

researches continues with the search on the basic concept of stereo vision and also find 

a coding about to estimate the distance and also calibrate the image.  

After completing the report of chapter 1, 2, 3 this project will continue to on 

how to design/modelling the stereo camera that will set up in field that focused on 

soccer field and implement the image into Matlab coding to estimate the distance 

between players. Next, to get a set of images it will start to evaluate the error between 

the images of left and right. If the images are not converge each other, then the system 

will adjust the value of the camera evaluation until they converge. The value of 

parameter will be used as result on this project. The result of this project is the distance 

estimation between the players. 
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1.6  Thesis Structure 

Chapter 1:  

The first chapter introduce brief idea of the project. It focused on the overview of the 

project, detailing the objectives, the problems statement, scope and outcome of the 

project. 

Chapter 2: 

Project background is discussed in this chapter. It only concentrated on the literature 

review that described all the information that was referred as a reference in order to 

finish up the project. Basically literature review will contain the facts or other aspect 

that we need that correspond to the project that will be built. This chapter also defined 

terms used in this project and discussed the concept of the research and how it is related 

to the theory. 

 

Chapter 3: 

Chapter 3 described the methodology used in this project. The schedule and 

methodology that needed to be completed and the detailed reports of studies that were 

done to achieve the aim of the project are presented. The methodology is the important 

aspect as it is the beginning process of planning. If the methodology are not organized, 

only then will encountered the problem in the project. 

Chapter 4: 

This chapter is about the result and discussion. All the simulation, data collection and 

analysis obtained will be discussed in detail. The results will be compared with the 

objectives outlined in order to arrive to some hypothesis and conclusion. 

Chapter 5:  

Chapter 5 after through all the process and successful to achieve the objectives as 

stated in the earlier chapter. The project can be concluded and explain the detail in this 

chapter. Other than that, a future recommendation includes improving this project for 

the future improvement and upgrade. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

2.0  Introduction 

This chapter presents literature review on the development of depth video 

processing using stereo vision technique in sport application. The development of the 

different depth video processing using stereo vision technique in sport application that 

aim to help people to know the measurement or distance between players. The 

advantages and disadvantages of each stereo vision technique are also presented and 

compared. This chapter also presents the development of stereo vision technique 

system that will be utilized in this project. 

 

2.1  Stereo Vision System 

Stereo vision technology is the extraction of 3D information from digital 

images, such as obtained by a CCD camera. By comparing information about scene 

from two vantage points, 3D information can be extracted by examination of the 

relative positions of objects in the two panels. Human being with two eyes that work 

together have stereovision. Human being generally come equipped with two eyes and 

one head.  
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Figure 2.1:Binocular Vision 

 

Both eye capture its own view and the two separate images are sent on to the 

brain processing. When the two images arrive simultaneously in the back of the brain, 

they are united into one picture. The mind combines the two images by matching up 

the similarities and adding in the small differences. The small differences between the 

two images add up to a big difference in the final picture. The combined image is more 

than the sum of its parts. It is a three-dimensional stereo picture.  

Here are a few examples of application that depend on stereo vision: 

 Baseball player 

 Architect 

 Dentist 

 Surgeon  

2.2  Stereo Vision Development 

Jiechun Chen and Liping Zhao (2010) has develop a stereo vision based 

attitude measurement system for aircraft model in wind tunnel. This paper investigate 

a stereo vision-based attitude measurement system for aircraft model in wind tunnel. 

To measure the attitude of an aircraft model, a cooperative object mounted on the 

aircraft model is firstly used to generate two bidirectional collimated laser beam, and 

then the laser beam are projected onto the surfaces of two screens. A pair of binocular 

stereo vision measurement system is used to measure the 3D coordinates of the laser 

spots on the wall surfaces. Once the 3D coordinates of the laser spots are measured 

accurately, the attitude of the aircraft model in wind tunnel can be determined. The 




