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ABSTRACT

Up until today, video compression algorithm has been applied in various video applications
ranging from video conferencing to video telephony. Motion Estimation or ME is deemed
as one of the effective and popular techniques in video compression. As one of its
techniques, the Block Matching Algorithm or BMA is widely employed in majority of
well-known video codes due to its simplicity and high compression efficiency. As such, it
is crucial to find different approaches of fast BMAs as the simplest and straightforward
BMA is not a good fit for implementation of real-time video coding because of its high
computational complexity. The aims for this study is to develop and design a new hybrid
search pattern and strategy for new fast BMAs that can further improve the ME process in
terms of estimation accuracy and video image quality, searching speed and computational
complexity. There are 6 main designs that the algorithms proposed namely the Orthogonal-
Diamond Search Algorithm with Small Diamond Search Pattern (ODS-SDSP), the
Orthogonal-Diamond Search Algorithm with Large Diamond Search Pattern (ODS-LDSP),
the Diamond-Orthogonal Search Algorithm with Small Diamond Pattern (DOS-SDSP), the
Diamond-Orthogonal Search Algorithm with Large Diamond Pattern (DOS-LDSP), the
Modified Diamond-Orthogonal Search Algorithm with Small Diamond Pattern (MDOS-
SDSP), and the Modified Diamond-Orthogonal Search Algorithm with Large Diamond
Pattern (MDOS-LDSP). These 6 algorithms are divided into 3 main methods namely
Method A, Method B, and Method C depending on their search patterns and strategies. The
first method involves the manipulation of the diamond pattern in the process, the second
method includes the manipulation of the orthogonal steps, and lastly, the third method is
the modified version of the second method to improve the performances of the algorithms.
Evaluation is based on the algorithm performances in terms of the search points needed to
find the final motion vector, the Peak-Signal to Noise Ratio (PSNR) of the algorithms, and
the runtime performance of algorithm simulations. The result shows that the DOS-SDSP
algorithm has the lowest search points with only 1.7341, 4.9059 and 4.0230 for each
motion’s content respectively; meanwhile all the algorithms acquired similar and close
PSNR values for all types of motion contents. As for simulation runtime, the results show
that Method B has the least simulation runtime and Method C has the highest simulation
runtime compared to others for all video sequences. The finding suggests that an early
termination technique should be implemented at the early stage of the process, and mixing
the selection of the mode is able to improve the algorithm performances. Therefore, it can
be concluded that Method B gives the best performance in terms of search points reduction
and simulation runtime while Method C yields the best for PSNR values for all types of
motion contents.



ABSTRAK

Sehingga hari ini, algoritma pemampatan video telah digunakan dalam pelbagai aplikasi
video yang terdiri dari persidangan video untuk telefoni video. Anggaran Gerakan atau
ME dianggap sebagai salah satu teknik berkesan dan popular dalam mampatan video.
Sebagai salah satu teknik ini, Blok Sepadan Algoritma atau BMAs secara meluas
digunakan dalam majoriti kod video terkenal kerana kesederhanaan dan kecekapan
mampatan yang tinggi. Oleh itu, adalah penting untuk mencari pendekatan yang berbeza
untuk BMAs cepat yang paling mudah disebabkan kerana BMA cepat tidak sesuai untuk
perlaksanaan video pengekodan di masa nyata kerana kerumitan pengiraan yang tinggi.
Tujuan kajian ini adalah untuk membangunkan dan mereka bentuk pola carian dan
strategi hibrid baru untuk BMAs cepat baru untuk memperbaiki lagi proses ME dari segi
ketepatan anggaran dan kualiti imej video, kecepatan pencarian dan kerumitan pengiraan.
Terdapat 6 reka bentuk utama algoritma yang dicadangkan iaitu Ortogon-Diamond
Search Algoritma dengan Diamond Carian Corak Kecil (ODS-SDSP), Ortogon-Diamond
Search Algoritma dengan Diamond Carian Corak Besar (ODS-LDSP), Diamond-Ortogon
Cari Algoritma dengan Diamond Carian Corak Kecil (DOS-SDSP), Diamond-ortogon
Cari Algoritma dengan Diamond Carian Corak Besar (DOS-LDSP), Diamond-Ortogon
Cari Algoritma dengan Diamond Carian Corak Kecil (MDO-SDSP) dan Diamond-ortogon
Cari Algoritma Ubah Suai dengan Diamond Carian Corak Besar (MDO-LDSP). 6
algoritma ini dibahagikan kepada 3 kaedah utama iaitu Kaedah A, Kaedah B dan Kaedah
C yang bergantung kepada pola dan strategi carian. Kaedah pertama melibatkan corak
berlian yang dimanipulasi semasa proses, kaedah kedua pula melibatkan langkah-langkah
ortogon yang dimanipulasi dan akhir sekali, kaedah ketiga adalah versi dari kaedah kedua
vang diubahsuai untuk meningkatkan prestasi algoritma. Penilaian adalah berdasarkan
kepada prestasi algoritma dari segi titik pencarian yang diperlukan untuk mencari vektor
gerakan akhir, Puncak-isyarat kepada nisbah bunyi (PSNR) algoritma dan prestasi
runtime simulasi algoritma. Hasil kajian menunjukkan bahawa algoritma DOS-SDSP
mempunyai titik pencarian terendah dengan hanya 1,7341, 4,9059 dan 4,0230 bagi setiap
kandungan gerakan masing-masing;sementara itu, semua algoritma memperoleh nilai
PSNR lebih kurang sama untuk semua jenis kandungan gerakan. Untuk kecepatan
simulasi, keputusan menunjukkan bahawa Kaedah B mempunyai kecepatan simulasi paling
rendah dan Kaedah C mempunyai kecepatan simulasi yang paling tinggi berbanding
dengan yang lain untuk semua video. Dapatan kajian menunjukkan bahawa teknik
penamatan awal perlu dilaksanakan pada peringkat awal proses dan juga membenarkan
pemilihan mod untuk meningkatkan prestasi algoritma. Oleh itu, dapat disimpulkan
bahawa Kaedah B memberikan prestasi yang terbaik dari segi pengurangan titik
pencarian dan simulasi runtime, sementara Kaedah C adalah yang terbaik untuk nilai
PSNR untuk semua jenis kandungan gerakan.

i



ACKNOWLEDGEMENT

Alhamdulillah, Here, I was grateful and like to express my heartfelt gratitude and
appreciation towards some individuals who have been assisted me throughout my project,
New Fast Block Matching Algorithm Using New Hybrid Search Pattern and Strategy to
Improve Motion Estimation Process in Video Coding Technique. The completion who
made it possible and who constant support has crowned our efforts with success. First and
foremost, I would love to convey my sincere acknowledgement to my supervisor Dr Abd
Majid bin Darsono from the Faculty of Electronic and Computer Engineering Universiti
Teknikal Malaysia Melaka for his vital supervision, advice, support, suggestion and
encouragement towards the completion of this thesis. Million thanks to all my peers, my
beloved father, mother and siblings for their constant moral supports throughout the
completion of this thesis. Lastly, thank you to everyone who had been of the utmost parts

of this project.

Thank you.

il



TABLE OF CONTENTS

DECLARATION
APPROVAL
DEDICATION
ABSTRACT

ABSTRAK
ACKNOWLEDGEMENT
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATION
LIST OF PUBLICATIONS

CHAPTER

1. INTRODUCTION
1.1 Project Overview
1.2 Problem Statements
1.3 Objectives
1.4 Scopes of Research
1.5 Flow of Research
1.6 Thesis Organization

2. LITERATURE REVIEW
2.1 Overview of Video Compression
2.1.1 Block Diagram of Video Encoder and Decoder
2.2 Video Coding Basic
2.2.1 Spatial and Temporal Sampling
2.2.2 Frames and Fields
2.3 Introduction of Motion Estimation

2.3.1 Differences of Motion Estimation and Motion Compensation

2.3.2 Motion Estimation Approaches
2.3.3 Motion Estimation Techniques
2.4 Principle of Block Matching Algorithms (BMAs)
2.4.1 Parameters of Block Matching Algorithms (BMAs)
2.4.1.1 Block Size
2.4.1.2 Search Range

2.4.1.3 Subjective and Objective Quality Measurement Metrics

2.4.1.3.1Subjective Measurement Metrics
2.4.1.3.20bjective Measurement Metrics
2.4.1.4 Test Video Sequences and Picture Format
2.5 Overview of Fast Block Matching Algorithms (Fast BMAs)
2.5.1 Heuristic Search
2.5.2 Inter-block Correlation
2.5.3 Hierarchical / Multi-Resolution Search
2.6 Reviews of Established Fast BMAs
2.6.1 Full Search Algorithm (FS)

v

PAGE

ii

iii

iv
vii
ix
Xiv
xviii

AN B W W =

11
12
12
13
14
16
16
18
22
22
23
23
24
26
29
30
31
33
35
37
38



2.6.2 2-Dimensional Logarithmic Search Algorithm (TDL)

2.6.3 Three-Step Search Algorithm (TSS)

2.6.4 New Three-Step Search Algorithm (NTSS)

2.6.5 Four-Step Search Algorithm (4SS)

2.6.6 Orthogonal Logarithmic Search Algorithm (OLS)

2.6.7 Diamond Search Algorithm (DS)

2.6.8 Hexagon-Based Search Algorithm (HEXBS)

2.6.9 Hexagon-Diamond Search Algorithm (HDS)
2.7 Fixed Size (FSB) Versus Variable Size (VSB) Motion Estimation
2.8 Summary

METHODOLOGY
3.1 Design of Algorithms
3.2 Flowchart of Design Process
3.3 Method A: Orthogonal — Diamond Search Pattern
3.3.1 Structure
3.3.1.1 Orthogonal and Small Diamond Search Pattern
3.3.1.2 Orthogonal and Large Diamond Search Pattern
3.3.2 Flowchart of Algorithms Proposed
3.3.3 Experiment Setup
3.3.3.1 Matching Cost Function (MCF)
3.3.3.2 Video Sequences
3.4 Method B: Diamond — Orthogonal Search Pattern
3.4.1 Structure
3.4.1.1 Small Diamond and Orthogonal Search Pattern
3.4.1.2 Large Diamond and Orthogonal Search Pattern
3.4.2 Flowchart of Algorithms Proposed
3.4.3 Experiment Setup
3.4.3.1 Matching Cost Function (MCF)
3.4.3.2 Video Sequences
3.4.3.3 Threshold
3.5 Method C: Modified Diamond — Orthogonal Search Pattern
3.5.1 Structure
3.5.1.1 Small Diamond and Orthogonal Search Pattern
3.5.1.2 Large Diamond and Orthogonal Search Pattern
3.5.2 Flowchart of Algorithms Proposed
3.5.3 Experiment Setup
3.5.3.1 Matching Cost Function (MCF)
3.5.3.2 Video Sequences
3.5.3.3 Adaptive Technique
3.6 Summary

RESULTS AND DISCUSSIONS
4.1 Simulation Results and Analysis
4.1.1 Method A
4.1.2 Method B
4.1.3 Method C
4.2 Comparison with Established Algorithms
4.3 Comparison between Proposed Algorithms
v

39
40
42
44
47
49
51
52
55
58

59
59
60
61
61
62
63
64
67
67
67
68
68
68
70
71
73
73
73
74
74
74
74
75
76
79
79
79
80
80

81
81
82
87
93
100
101



4.4 Summary

5. CONCLUSION AND FUTURE WORKS
5.1 Conclusion
5.2 Contributions of Research Project
5.3 Future Works

REFERENCES

vi

103

104
104
105
106

107



TABLE

2.1

2.2

23

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

LIST OF TABLES

TITLE
Standard Video Applications and Bandwidths (Metkar and Talbar,
2013)
Common Formats of Video and its Raw Data Rates (Metkar and
Talbar, 2013)
Video Sequences with Their Respective Classes (Manap et al.,
2010)
Average Number of Search Points for All Algorithms
Average PSNR (dB) for All Algorithms
Speed Performance for All Algorithms
Average Number of Search Points for All Algorithms
Average PSNR (dB) for All Algorithms
Speed Performance for All Algorithms
Average Number of Search Points for All Algorithms
Average PSNR (dB) for All Algorithms
Speed Performance for All Algorithms
Comparison Average Number of Search Points for Method A, B
and C

Comparison Average PSNR (dB) for Method A, B and C

vii

PAGE

29

82

84

87

88

90

93

94

97

99

101

102



4.12 Speed Performance for Method A, B and C 103

viii



FIGURE

1.1

2.1

2.2

23

24

2.5

2.6

2.7

2.8

2.9

2.10

2.11

LIST OF FIGURES

TITLE
Flow Chart of Proposed Project
Block Diagram of Video Encoder (Nayak, 2008)
Block Diagram of Video Decoder (Nayak, 2008)
Interlaced video sequence (Richardson, 2003)
Encoder / decoder of video compression system (Haskell and
Puri, 2012)
Methods of Motion Estimation: (a) Global; (b) Pixel-based; (c)
Block-based; (d) Object-based (Marques, 2011)
Previous and Current Frames of (N x M) in (M+2q x N+2q) of
Search Window and the MV (Sun et. al., 2009)
Principle of Block Matching Algorithm (Wang, 2005)
Motion vector in forward and backward motion estimation
(Metkar and Talbar, 2013)
Example for PSNR: (a) Original; (b) 30.6 dB; (c) 28.3 dB
(Richardson, 2003)
The Blurred Background Image (PSNR = 27.7 dB) (Richardson,
2003)

Unimodal Surface Error With a Global Minimum Error Point

X

PAGE

10

10

13

15

17

20

20

21

27

28

32



2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

(Nie and Ma, 2002)

Non-Unimodal Error Surface With a Multiple Minimum Error
Point (Nie and Ma, 2002)

Typical MV Candidate Selection Procedure (Chalidabhongse et.
al., 1997)

The concept of low-pass pyramid (3 levels) (Pesquet-Popescu et.
al., 2013)

Hierarchical Block Matching Algorithm (HBMA) of Three
Levels (Marques, 2011)

Full Search (Brute Force Technique) (Mistry, 2008)

2-D Logarithmic Search Pattern and Strategies (Metkar and
Talbar, 2013)

Search Pattern and Strategies of Three-Step Search (TSS)
(Metkar and Talbar, 2013)

Search Pattern and Strategies of New Three-Step Search (NTSS)
(Basari and Ahmad, 2010)

The 4SS Search Patterns Steps (a) Step 1, (b) Step 2 or Step 3 (¢)
Step 2 or Step 3 (d) Step 4 (Po and Ma, 1996)

Two Different Search Paths of 4SS (Po and Ma, 1996)

Search Pattern and Strategy of OLS (Soongsathitanon et. al.,
2005)

A Fitting Search Pattern Support-Circular Area With a Radium of
2 Pels. All Possible Checking Points Within The Circle Shown by

The 13 Crosses (Pandian et. al., 2011)

33

34

36

37

39

40

42

44

46

46

48

50



2.24

2.25

2.26

2.27

2.28

2.29

2.30

3.1

3.2

33

3.4

3.5

3.6

3.7

3.8

Two Search Patterns Gained From Figure 2.19 are Employed in
The DS Algorithm (Pandian et. al., 2011)

Hexagon-Based Search (HEXBS): (1) Large and (2) Small
Hexagonal Pattern (Zhu et. al., 2002)

Distribution Law of The Optimal Point (Wang et. al., 2010)
The HDS Search Pattern (Manap et. al., 2010)

Common Forms of The Search Path (Wang et al., 2010)
Macroblock in 4:2:0 Format (Richardson, 2003)

Macroblock Sub-Partitions (Patwary and Othman (2010)
Flowchart of Research Project

Orthogonal — Diamond Search Algorithm With Small Diamond
Search Pattern (ODS-SDSP)

Orthogonal — Diamond Search Algorithm with Large Diamond
Search Pattern (ODS-LDSP)

Flowchart of Orthogonal — Diamond Search Algorithm With
Small Diamond Search Pattern (ODS-SDSP)

Flowchart of Orthogonal — Diamond Search Algorithm With
Large Diamond Search Pattern (ODS-LDSP)

Diamond — Orthogonal Search Algorithm With Small Diamond
Search Pattern (DOS-SDSP)

Diamond — Orthogonal Search Algorithm With Large Diamond
Search Pattern (DOS-LDSP)

Flowchart of Diamond — Orthogonal Search Algorithm With

Small Diamond Search Pattern (DOS-SDSP) and With Large

xi

50

52

53

53

54

55

57

60

62

63

65

66

69

70

71



3.9

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

Diamond Search Pattern (DOS-LDSP)

Flowchart of Modified Diamond-Orthogonal Search Algorithm
With Small Diamond Search Pattern (MDOS-SDSP) and With
Large Diamond Search Pattern (MDOS-LDSP)

Comparative Average Search Points for “Akiyo” Sequence (Slow
Motion)

Comparative Average Search Points for “Coastguard” Sequence
(Moderate Motion)

Comparative Average Search Points for “Tennis” Sequence (Fast
Motion)

Comparative Average PSNR (dB) for “Akiyo” Sequence (Slow
Motion)

Comparative Average PSNR (dB) for “Coastguard” Sequence
(Moderate Motion)

Comparative Average PSNR (dB) for “Tennis” Sequence (Fast
Motion)

Comparative Average Search Points for “Akiyo” Sequence (Slow
Motion)

Comparative Average Search Points for “Coastguard” Sequence
(Moderate Motion)

Comparative Average Search Points for “Tennis” Sequence (Fast
Motion)

Comparative Average PSNR (dB) for “Akiyo” Sequence (Slow

Motion)

xii

78

82

82

&3

85

86

86

89

89

90

91



4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

Comparative Average PSNR (dB) for “Coastguard” Sequence
(Moderate Motion)

Comparative Average PSNR (dB) for “Tennis” Sequence (Fast
Motion)

Comparative Average Search Points for “Akiyo” Sequence (Slow
Motion)

Comparative Average Search Points for “Coastguard” Sequence
(Moderate Motion)

Comparative Average Search Points for “Tennis” Sequence (Fast
Motion)

Comparative Average PSNR (dB) for “Akiyo” Sequence (Slow
Motion)

Comparative Average PSNR (dB) for “Coastguard” Sequence
(Moderate Motion)

Comparative Average PSNR (dB) for “Tennis” Sequence (Fast

Motion)

xiii

92

92

95

95

96

98

98

99



LIST OF ABBREVIATION

CD : Compact Disk

DVD : Digital Video Disc

ME : Motion Estimation

BMA : Block Matching Algorithm

FSA : Full Search Algorithm

PSNR : Peak Signal-to-Noise Ratio

RDO : Rate-Distortion Optimization

MC : Motion Compensation

ISDN : Integrated Services for Digital Network
PSTN : Public Switched Telephone Network
CD-ROM : Compact Disc, read-only-memory
HDTV : High Definition Television

CIF : Common Intermediate Format

QCIF : Quarter Common Intermediate Format
CCIR : Consultative Committee for International Radio
VLC : Variable Length Coder

DCT : Discrete Cosine Transform

MPEG-1 : Moving Picture Experts Group 1
MPEG-2 : Moving Picture Experts Group 2

Xiv



MPEG-4 : Moving Picture Experts Group 4

ITU-T : ITU Telecommunication Standardization Sector
H.26x : ITU-T video compression standard
2D-MV : Two-Dimensional Motion Vector
MV : Motion Vector

AVC : Advanced Video Coding

MCF : Matching cost function

SAD : Sum of Absolute Difference
MSE : Mean Squared Error

MSD : Mean Squared Difference

MAD : Mean Absolute Difference
ITU-R : ITU Radiocommunication Sector
2D : Two-dimensional

3D : Three-dimensional

fps : frame per second

MB : Macro-block

Cb : Chrominance

Cr : Chrominance

GOB : Group of Block

TDL : 2-D Logarithmic Search

TSS : Three-Step Search

CS : Cross Search

NTSS : New Three-Step Search

4SS : Four-Step Search

XV



DS

CDS

NCDS

KCDHS

HDS

OS/OSA

MOS

EMOS

ARPS

MPBM

HBMA

OLS

LDSP

SDSP

HEXBS

HSP

FSB

VSB

VBSME

ODS-SDSP

ODS-LDSP

DOS-SDSP

: Diamond Search

: Cross-Diamond Search

: New Cross-Diamond Search

: Kite-Cross Diamond Hexagonal Search
: Hexagon-Diamond Search

: Orthogonal Search

: Modified Orthogonal Search

: Enhanced Modified Orthogonal Search
: Adaptive Rood Pattern Search

: Mean Predictive Block Matching

: Hierarchical Block Matching Algorithm
: Orthogonal Logarithmic Search

: Large Diamond Search Pattern

: Small Diamond Search Pattern

: Hexagon-Based Search

: hexagonal pattern

: Fixed Size Block

: Variable Size Block

: Variable Block Size Motion Estimation

:Orthogonal-Diamond Search Algorithm with Small Diamond Search

Pattern

: Orthogonal-Diamond Search Algorithm with Large Diamond Search

Pattern

: Diamond-Orthogonal Search Algorithm with Small Diamond Pattern

Xvi



DOS-LDSP : Diamond-Orthogonal Search Algorithm with Large Diamond Pattern

MDOS-SDSP  : Modified Diamond-Orthogonal Search Algorithm with Small Diamond
Pattern

MDOS-LDSP  : Modified Diamond-Orthogonal Search Algorithm with Large Diamond
Pattern

dB : Decibel

Xvil



LIST OF PUBLICATIONS

Hamid, N.A., Darsono, A.M., Manap, N.A., and Manap, R.A., 2014. Performance Analysis of
Orthogonal — Diamond Search Algorithm for Motion Estimation. 2014 International
Symposium on Technology Management and Emerging Technologies (ISTMET 2014).

pp.306-310.

Hamid, N.A., Darsono, A.M., Manap, N.A., Manap, R.A., and Sulaiman, H.A., 2014. A New
Orthogonal — Diamond Search Algorithm for Motion Estimation. International Conference on

Computer, Communications, and Control Technology (I14CT) 2014. pp.467—-471.

Hamid, N.A., Darsono, A.M., Manap, R.A., Manap, N.A., and Sulaiman, H.A., 2015.
Adaptive Diamond Orthogonal Search Algorithm for Motion Estimation. /EEE Conference on

Computer, Communication and Control Technology (I4CT) 2015. pp.498-501.

Hamid, N.A., Darsono, A.M., Manap, N.A., and Manap, R.A., 2015. A new diamond search
algorithm for fast block matching motion estimation. ARPN Journal of Engineering and

Applied Sciences, 10(4), pp.1751-1755.

Hamid, N.A., Darsono, A.M., Manap, N.A., and Manap, R.A., 2015. Performance Evaluation

of Orthogonal-Diamond Search of Block Matching Algorithm for Video Coding. Jurnal

Xviii



Teknologi (Science & Engineering), 76(1), pp.61-66.

Darsono, A.M., Hamid, N.A., Manap, N.A., Manap, R.A., and Hashim, N.M.Z., 2015.
Adaptive Diamond Search Algorithm for Motion Estimation. Journal of Telecommunication

Electronic and Computer Engineering, 7(2), pp.50-60.

XiX



CHAPTER 1

INTRODUCTION

This chapter presents an overview on the research background of the project and
covers the problem statements, objectives and scopes of the research. This chapter briefly
describes the flow of this research. The organization of this thesis is also briefly described

at the end of this chapter.

1.1  Project Overview

Telecommunication technology has made significant advancement especially in
multimedia communication where a wide range of emerging applications has been
developed such as video conferencing through wired and wireless medium, data storages
like CDs, DVDs, and so on. Technology nowadays has reached its state of maturity but the
research is still ongoing in order to achieve further improvements. Metkar and Talbar
(2013) stated that the amount of uncompressed video data is too large for limited
bandwidth or storage capacities thus it is also crucial to minimize the data size by utilising
the video compression.

In video compression, Motion Estimation (ME) is considered as one of the popular
and effective methods of reducing the temporal redundancy between successive frames of
a video sequence. ME estimates the motion by finding the motion vectors of the objects in
an image sequence. ME consists of two basic approaches namely, the pixel-based ME and

block-based ME. The former is to determine the motion vectors for every pixel in the





