Chapter 1

Introduction

A video signal is represented by a sequence of image frames.frame rate of a video

signal is defined as the number of frames produced or trateshper second. For typical
consumer applications such as mobile video communicadi@fames per second (fps) is
adequate. Also, it could be as high as 60 fps for very high eqmiications or as low as

10 fps or 15 fps for video conferencing applications. Apgticns based on video signal
involve a huge amount of data whose storage and commumqatiges a difficult problem.

On the other hand, as the time difference between any twesase frames of a video sig-
nal is very short (ranging from 1/10 second to 1/60 seconggxeing upon the frame rate),
the contents of the neighboring frames are quite similaer&fore, significant temporal re-
dundancy is present in any video signal, which may be elitesh&dy video compression

technology so that transmission and storage of video irdtion become more efficient.

This introductory chapter starts off with highlighting theed to develop an efficient de-
sign for low power Motion Estimation (ME) module for a videooading system. Among
all the modules required for video compression, the ME medwlolves the highest com-
putational intensity, and hence consumes the largest @mbpower [1]. Power consump-
tion is very critical for the present-day video applicasmuch as portable videophone and

digital camcorder, which are typically operated by battgoyver [2]. After a brief back-
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ground on the need for video compression, the motivatiohefpresent work is clearly

stated. The chapter ends by giving an outline of the prebsestd.

1.1 Need for Video Compression

With continuous progress of communication and memory g¢mgland consequent de-
crease in cost per transmitted bit and cost per stored L#, perhaps not immediately
obvious why video compression is necessary. Video comioressis two important ben-
efits. First, video compression makes it possible to usdaligideo in transmission and
storage environments that would not otherwise supportmpcessed video. For example,
even at low frame rates and/or small frame size, the currgetriet throughput rates are
not sufficient to handle uncompressed video in real time Mgreover, a Digital Versa-
tile Disk (DVD) can store only a few seconds of uncompressddwat television-quality
resolution and frame rate, and so DVD-Video storage woutdaractical without video
and audio compression. Second, more efficient use of trasgmiand storage resources
are possible by video compression techniques. For an blalfiaed bit-rate transmission
channel, it is always more practicable to send a high-réisoleompressed video or multi-
ple compressed video channels rather than to send a siogieebolution, uncompressed
video signal. Therefore, in spite of ongoing advances iregf® and transmission capacity,
video compression is likely to be an essential componentdgosencoding system for

many years to come.

The main principle behind video compression is the expioitaof redundancy (both
spatial and temporal) of data and the deficiencies of the hwrgual system [4]. The
compression which results in loss of any information is &dms the lossy compression.
On the other hand, there is no loss of information in losstesspression. Most practical
video compression techniques are based on lossy compregswhich more compression
is achieved with the penalty that the decoded signal is regitidal to the original. The

principal goal of video compression is to minimize the wesgin the files and to maximize
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the quality of the reconstructed video signal. As alreadytoeed, there is a very high
amount of temporal redundancy present in a given video segué he change in the scene
contents between the frames is due to the motion of the abojgesent in the frame. The
principal idea behind achieving reduction of temporal reghncy is to encode a frame
first and to treat it as the reference frame and to predict timsexutive frames based on
this reference frame. The prediction step is termed as th@omestimation. Motion
Compensation (MC) follows ME. Both motion estimation and mottompensation form
the heart of a video encoding system. In order to facilithte interoperability between
compression at the video source and decompression at thieaties, there is a demand
for an international standard for the coding methods. Assaltemodern video coding
standards like MPEG-4 and H.264/AVC have been developed [5]

It is clear from the above discussions that motion estimagiploits the temporal re-
dundancy present between successive frames and tries tvedhe same in an efficient
way. Motion estimation, which is computationally very ingéve, involves about 80% of
the total computational power of the encoder [1]. Block MatghAlgorithm (BMA) is
one of the most efficient and popular techniques for miningizhe temporal redundancy
present between frames due to its simplicity [6, 7, 8]. I8 teichnique, the current frame
is divided into blocks of size 1616 pixels known as the Macroblocks (MB), and for each
MB in the current frame one searches for the best matched Mitwa search range)
in the reference frame. Motion Vector (MV) is defined as thepliicement between the
MB in the current frame and the best matched one in the rederélame. In full search
method, one tries to find the best match by searching witheretitire search window in
the reference frame which is formed by the given search rf@lgeHowever, since this
method typically computes the MVs for all the possible MBsaleal in the search window,
the computational cost is very high. Hence, a large numb&stfsearch algorithms have
been developed [10, 11, 12, 13, 14, 15]. These fast searohtalgs reduce the compu-
tational time as well as the hardware overhead to a consideextent. However, a major

drawback associated with these fast algorithms is thatokey the search may be trapped
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in some local minima, thereby producing suboptimal results

1.2 Motivation Behind the Present Work

The present day video compression standards like H. 264 eadizeé a compression
ratio of the order of 200:1, whereas the previous standée$1.261 used to provide com-
pression ratio of the order of 98:1 only [16] for the same wvidmiality. Therefore, the
modern video coding standards provide a substantial anodumiprovement in the coding
efficiency compared to the previous standards. The codimgogédls for hardware systems
of higher complexity. Motion estimation has been identif@sdthe main source of power
consumption in the video encoding systems. Although magstimation based on BMA
entails simple arithmetic computations, it involves a hag@unt of memory access which
involves considerable power consumption and also afféetoverall speed of operation
[17]. Consequently, there are not many existing implementatwhich take care of low
power consumption and high speed of operation at the sanee Design of an architecture
for ME, which can take care of the high memory bandwidth regjuent, is crucial for an
efficient video encoding system. This is what has been atesirip the present work - to
design hardware structure for ME with low power requirersei@everal techniques have
been adopted in this work to design ME architectures withaoga, low power consump-
tion and high speed of operation to meet the real time requérgs for the modern video
coding/processing applications. One of them is to use fstch techniques for ME in-
stead of the full search strategy. Due to computationallagiyy motion estimation based
on full search is generally preferred for Very Large Scategmation (VLSI) implementa-
tion. Although the computational time of these fast sealgbréghms is much smaller than
that required of the full search algorithm, the search data for these fast search algo-
rithms is irregular which makes the memory access mechamiera complex than that of
the full search algorithm. Moreover unlike the full searddpoaithm, the processing order
of these fast search algorithms is not predefined but dynawhich makes the controlling
unit much more complicated than that of the full search atigor. These factors pose con-

4
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siderable challenges for designing VLSI architecture$dstrsearch ME algorithms. Many
techniques have been applied to reduce the overall powsuogstion of the ME modules
by reducing the required memory bandwidth. This is achidwededucing the redundant
data access for different search locations. Additionalighly parallel architectures have
been developed to increase the overall speed of operatichddVIE process. The work
recorded in this thesis has therefore focused on the desigrde@velopment of fast ME
architectures characterized by high processing speedpdover, and low area making it
suitable for portable video application devices that apeclly operated by battery power
and involve real time operation. Thus the major directiong/hich the present work has

progressed are as follows:

e Design a power efficient ME architecture for fast ME based mconstrained center

biased diamond search algorithm

e Implement the Fast Two Step Search (2-SS) algorithm antecekrchitecture for
half-pixel ME

e Develop a new algorithm and architecture for quarter-pMElbased on the statisti-

cal distribution of MVs at quarter-pixel locations

e Conceive a new ME method by combining fast search techniquteslBT and its

implementation on hardware

e Design, analyze, and implement an ME technique based o fpixecation and

adaptive search pattern.

1.3 Major Contributions of the Present Work

In the research work embodied in this thesis, effort has bi@ested towards develop-
ment of low power architectures for implementing fast MEaaithms, which can be ap-

plied for real-time video compression with high video gtyabut low cost. In the present

5
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thesis, fast and efficient ME algorithms have also been dpeel. A brief account of the

work described in the present thesis is given as follows.

The first component of the work is concerned with developiigh{performance ar-
chitecture for the Unrestricted Center Biased Diamond Se&f€iBDS) algorithm. In the
present architecture, external memory access has beade@isy reduced by adopting an
intelligent data arrangement. As a consequence, poweuogstgn is low for this design

which can suit real time low bit rate video applications.

The present work next deals with sub-pixel ME which involixes steps, namely Half-
Pixel Motion Estimation (HPME) and Quarter-Pixel Motiontiasation (QPME). The pro-
posed HPME architecture is based on the fast two step sekyctitlam [69] that serves
to reduce the number of search points at half-pixel locatidrhe proposed design imple-
ments HPME for variable block sizes as prescribed by modeeowoding standards such
as H.264.

This thesis also proposes a QPME algorithm which exploresribst likely quarter-
pixel locations while skipping the unlikely ones. It als@poses the corresponding QPME
architecture which, in conjunction with the HPME architeet, can serve as part of a com-
plete low-power H.264 video coding system. Results of imgetimg the above architec-
tures demonstrate area and power reduction compared totivertional sub-pixel ME
structure while maintaining the desired quality of the restcucted image. The proposed

sub-pixel ME architecture is deemed appropriate for rea fprocessing of HDTV frames.

The work recorded in this thesis goes on to address implatientof fast ME architec-
tures based on One-Bit Transformation (1BT). The 1BT based MiEssivith converting
an image frame with 8 bits/pixel representation into a hrfierme with 1 bit/pixel format.
Next, while carrying out ME on these binary frames, BooleanRX@peration is used to
find the number of non-matching points, which replaces tha 8LIAbsolute Differences
(SAD) as the matching criterion. The power efficient ardtitees proposed in this thesis

use Diamond Search (DS) algorithm to perform fast ME on 1Biés. By taking the
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advantage of high speed, the proposed architectures caadetmrun at a reduced clock
frequency subject to a constraint on the frame size and fratee FPGA implementations
of the architectures reveal that the average power dissipean be substantially reduced

by lowering the clock frequency.

The present work also proposes a variable block size ME igthgomvhich is executed
in two stages. At the first stage, ME is performed using pixehd¢ation, while at the
second stage, ME is performed using full pixel resolutiothvain adaptive search pattern.
For the sake of comparison, the proposed Fast Two StagelSg&8S) algorithm as well
as the conventional full search algorithm has been appledifferent benchmark video
sequences. In the architecture proposed to implement thaeaddgorithm, reduction of

power is ensured by introducing a novel memory manageméeense.

1.4 Outline of the Dissertation

The present thesis has been organized as follows:
Chapter 1: The objectives and scope of the thesis and the motivatioth®mwork are
presented in this chapter. It also specifies the overallritutions made in the proposed
work.
Chapter 2: This chapter presents a survey on diverse research aegivtiated to the exist-
ing algorithms and architectures for integer and sub-p€| different matching criteria,
one bit transformation based binary ME algorithms and MEetam pixel truncation.
Chapter 3: This chapter describes in depth the implementation of an ktBitecture
based on UCBDS algorithm. The synthesis results for the peapaschitecture have also
been included.
Chapter 4: An architecture for realizing the HPME algorithm is propd$e this chapter.
A fast algorithm and its architecture for implementing QP ke also been described in
this chapter.

Chapter 5: In this chapter, VLSI architectures have been proposeh@implementation
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of fast ME based on a combination of DS and 1BT.

Chapter 6: A two stage fast algorithm for VBSME based on pixel truncati@as been
proposed in this chapter. A suitable low-power architexfar implementing the proposed
ME algorithm has also been described in this chapter.

Chapter 7: This chapter summarizes the overall contributions andltsesd the work

recorded in the thesis, and identifies some future reseamttidns in the relevant fields.
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