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ABSTRACT

The three step search (TSS) algorithm has been widely used as the motion
estimation technique in some low bit-rate video compression applications, owing to its
simplicity and effectiveness. However, TSS uses a uniformly allocated checking point
pattern in its first step, which becomes inefficient for the estimation of small motions. A
new three-step search (NTSS) algorithm is implemented in this project. The features of
NTSS are that employs a center-biased checking point pattern in the first step, which is
derived by making the search adaptive to the motion vector distribution, and a halfway-
stop technique to reduce the computation cost. Besides that, the performance of NTSS
will compare with the others Block Matching Algorithm (BMA) when the simulation
process is done.
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ABSTRAK

Algoritma tiga langkah carian (TSS) biasanya digunakan sebagai teknik
penganggaran gerakan dalam aplikasi pemampatan video berkadar bit rendah kerana
kemudahannya dan keefektifannya. Walaubagaimanapun, TSS menggunakan paten titik
pencarian yang seragam dalam langkah pertama, di mana tidak efektif dalam
penganggaran pergerakan yang kecil. Algoritma tiga langkah carian baru (NTSS) telah
dicadangkan di dalam projek ini. Ciri-ciri oleh algoritma NTSS ini ialah ia
menggunakan kecenderungan corak titik tengah pada langkah pertama, di mana ia
diterbitkan dengan membuat pengubahsuaian dalam pengagihan vector pergerakan, dan
teknik perhentian setengah jalan untuk mengurangkan kerumitan pengkomputeran.
Selain itu, pencapaian oleh algoritma NTSS ini akan dibandingkan dengan algoritma

yang lain selepas simulasi dijalankan.
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CHAPTER 1

INTRODUCTION

To achieve high compression ratio in video coding, a technique known as
Block Matching Motion Estimation has been widely adopted in various coding
standards. This technique is implemented conventionally by exhaustively testing
all the candidate blocks within the search window. This type of implementation,
called Full Search (FS) Algorithm gives the optimum solution. However,
substantial amount of computational workload is required in this algorithm. To
overcome this drawback, many fast Block Matching Algorithms (BMA’s) have
been proposed and developed. Different search patterns and strategies are
exploited in these algorithms in order to find the optimum motion vector with

minimal number of required search points.
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One of these fast BMA’s, which is proposed to be implemented in this
project, is called New Three Step Search (NTSS) Algorithm. The student is
required to implement the algorithm in MATLAB and then compare its
performance to FS algorithm as well as to other fast BMA’s in terms of the peak
signal-to-noise ratio (PSNR) produced, number of search points required and

computational complexity.

1.1 PROBLEM STATEMENT

Substantial amount of computational workload is required during the
execution of FS algorithm; however this drawback can be overcome by many
types of fast BMA which have been proposed and developed. Different search
patterns and strategies are exploited in these fast BMAs in order to find the
optimum motion vector with minimal number of required search points.
However, there is a need to determine which of these fast BMAs perform the
best as well as to identify the most suitable algorithm for different types of video

sequences.

1.2 OBJECTIVE

The objective of this project is to implement the NTSS algorithm in
MATLAB and to compare its performance to FS algorithm as well as to other
fast Block Matching Algorithms such as Diamond Search (DS), Four Step
Search (4SS), Cross Search (CS) and Cross Diamond Search (CDS).
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1.3 SCOPE OF PROJECT

This project will be focusing on three main areas of study, which are
literature review on video coding, BMAs and NTSS, the development and
implementation of NTSS algorithm using MATLAB platform and also
performance analysis of NTSS to FS algorithm and NTSS to other BMAs.

1.4 THESIS STRUCTURE

The following thesis contents are divided into five chapters.

The first chapter of this thesis is a brief introduction on the project being carried
out such as objective of the study, problem statements, the scope and structure of the

project.
In chapter 11, the BMA will be discussed in details such as on video compression,
coding technique, motion estimation and the general ideas of other fast BMASs that

have been implemented.

Subsequently, the methodology of the project will be discussed in chapter 111 of

this thesis including the literature reviews and the techniques that was carried out.

In chapter 1V, the NTSS Algorithm will be discussed in details such as on
concept of the algorithm and the motion estimation for NTSS.
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Chapter V is the discussion on simulation results obtained by using MATLAB

and results comparison to the other algorithms.

Finally, Chapter VI will conclude this thesis with a critical review and

recommendation for future works.
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CHAPTER 2

LITERATURE REVIEW

2.1  Video Compression

Representing video material in a digital form requires a large number of
bits. The volume of data generated by digitizing a video signal is too large for
most storage and transmission systems. This means that compression is essential

for most video applications.

Table 2.1 shows the uncompressed bit rates of several popular video
formats. From this table it can be seen that even QCIF at 15 frames per second
(i.e. relatively low-quality video, suitable for video telephony) requires 4.6 Mbps

for transmission or storage.

There is a clear gap between the high bit rates demanded by
uncompressed video and the available capacity of current networks and storage
media[1].
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Table 2.1 Uncompressed bit rates

Luminance Chrominance | Frames per Bits per
Format resolution resolution second seconds
(uncompressed)
ITU-R 601 858 x 525 429 x 525 30 216 Mbps
CIF 352 x 288 176 x 144 30 36.5 Mbps
QCIF 176 x 144 88 x 72 15 4.6 Mbps

Uncompress video generally exceeds network bandwidth capacity and
requires too much space in disk storage. Consequently, it is not practical to
transmit video without using compression. Video compression is design to
minimize the average number of bits used to represent the video sequence in
digital form by maintaining the quality of sufficient video even with little
apparently loss in quality.

Compressing video is essentially the process of throwing away data for
thing that we can’t perceive. Compress video is called to make the files become
smaller and easier to store. Video can be compressed without impacting the
quality because it will affect the part that the human’s can’t perceive. The main

idea for the video compression is to get the right balance of quality and size file.

Video compression can be performed in two different methods which is
lossy and lossless. For lossless method, each pixel is kept unchanged, resulting in
identical and bit for bit image after decompressed. While for lossy method, the
resulting video compression is different from original but it is still good enough

to use. Lossy method is commonly used in most cases.
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