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##4370310421 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: VIDEO CODING / MOTION ESTIMATION / BLOCK MATCHING

ALGORITHM / MOTION VECTOR PREDICTION / ADAPTIVE
THAVEESAK SAPPASITWONG : ASYMMETRIC DIAMOND SEARCH
ALGORITHM USING ADAPTIVE SEARCH CENTER FOR MOTION
ESTIMATION IN VIDEO CODING. THESIS ADVISOR:

ASSOC. PROF. SOMCHAI JITAPUNKUL, Dr.Ing., 121 pp. ISBN 974-03-1517-8.

Motion estimation is playing a significant role in digital video coding preocess. The
block-based motion estimation has been widely used in general video-coding standard. This
thesis proposed an adaptive asymmetric diamond search algorithm using adaptive search center
which exploits the correlation of motion vectors between adjacent blocks in order to set the
search pattern suitable with the case of motion object in each sequences. The proposed
algorithm focuses on computational complexity reducing in motion estimation whilst maintain
estimation accuracy. Simulation results show that this algorithm decreased an amount of
complexity while keeping satisfactory accuracies, MSE and PSNR. In the gentle motion
sequence, the proposed algorithm can reduce number of searchpoints from that of full search

algorithm up to 33 times while the smallest PSNR is 38.66 db.
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Luminance | Chrominance Temporal Bitrate
Application Aspect Ratio
Resolution Resolution (frames/s) (Mbit/s)
HDTV 1920 x 1152 960 x 576 16/9 50 1800
TV (broadcast) 720 x 576 360 x 576 4/3 25 166
TV (CD record) 360 x 288 180 x 144 4/3 25 31
Video phone 360 x 288 180 x 144 4/3 10 12.4
Mobile Video 180 x 144 90 x 72 4/3 5 1.6
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2.3 MyaanNNFoUNeL3)H (Spatial Redundancy Reduction)

g’ 9 a a Ya 9 v 9 da’
lumsaannudseun1elsgivesnIm ¥1AsgIH MPEG 1935madnsiadienugiu
suumsulasfanialnaneri (DCT-based Coding Technique) @13 DCT 2 HAUIA 8 x 8

E2
annsosulugdavesganin f(ij) Asl

v 0 H
Fuv) = cuewS Y £, j)co{wj co{wj @.1)
4 i=0 j=0 16 16
}/ A X=0
lag C(X) = V2 (2.2)
1 , X#0
mduszdnd pet Admunisulawdinggaaten Indidioaasuauiia nasiiniuou

2.4 MIAAANNTIBOUN 1A (Temporal Redundancy Reduction)
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2.5 msdszanamsinaeui (Motion Estimation)
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v ) e a A da A o g A oy
ANAN (residue)  NUUNATUITUAVUIUNUNITFALTINITAADUNDNMWOMUUINTTNAN

a 1 o 4 4 1
SIEER R (estimated picture) INNIND1D4 (referfence picture) SWAUNINNBTMIIAAUN [8]

Original image . Coded image or Residue
Intra-image
vy Encoder
Intra-image
Decoder
~h
Motion
< Frame <
Compensation
Memory
b . <t
Motion Motion Parameter -
Estimation
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motion estimation algorithms

S\ —

time-domain algorithms frequency-domain algorithms
matching gradient based
algorjthms algorjthms
phase matching in matching in
correlation wavelet  pCETdomain
(DFT) domain
block- feature-
pel recursive block recursive
matching matching

3111 2.3 Yszanyedimstszinamanfoui
2.6 MIFABEMSIAAOUN (Motion Compensation)
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2.7 9and3NUM3ITIgUEN (Block-Matching Algorithm: BMA)
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2.7.2 YunaUVRIBANDINUMSINGUAIN
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2.7.3 MIIAMANUAAWAIA
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2.7.3.1 MANVRANAIARIA3a0 1R (Mean Square Error: MSE)
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2.7.3.3 NATINAIFHYIAUANNUANAIS (Sum of Absolute Difference: SAD)
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2.8 nszvumslszanamstaaeuiesas? (Fast Motion Estimation Algorithms)
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2.8.2.6 M3AUH1311155 (Diamond Search Algorithm) [7]
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2.9 M3IATNTTOUSVRI5LIVYVID (Performance Measurement)
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AADSC DS
Sequences Th=1.40 Th=2.83
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 2.9609 = = 225 1.0
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 3.2562 = - 225 1.0
TSS 3.3146 0.8654 0.8906 25 9.0
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A131970 4.3 waaamsSeufeuans saUgYIeanes NULLUAN 9 wwaenuluaise A

v o W

o R =\ A A 1 o w . ) I ¥ V@ An Y
42 dMSUSWUMN Claire IMswasunnnNlIugumn Akiyo 114 laanuiuiuila

7 4 A o @ A4 Ayy o ax & v
NN MIINADUNATINUNINADS MTIAADUTN 19 1INvanos unuuNInaanosas 1y
@ AR 9 Aa 1 v o 9 9 o 9 d
ganoInuMIAUMIDINSIsHa Iaunasuuuliuas 1a Tagldmsisuinegagquinais
(AADS)  @11508A31UIUIAMIAUMIAININITMIAUMIUUINTT 55 5ua1 1ADeiooas 42

) A 3
Taslidns1MINLANINTI AD 29.54



4.3.1.3 wamsmaauﬁ’uqﬂmw Miss America

Number of SearchPoint

I (| T S——— S — | [ TY [ N (TS [T SS—— (T ) S——— |
i —— AADS
! ADSC
9000+ ADS i
! —— DS
i TSS
| - FSS
8000+ | 1
B 7000 T~ T iR Ry g e e
o il
= |
2 i
o it
36000
e S W NI e e T R WL
N e __w*-vw,‘__‘__',,_—::ﬁz;,-:-%ﬂ‘*’-‘-fw—- gt S -
5000 | 2 ¥
a000). | Ml SR e s i T N
o FEA . TR TS 1 l 1
20 25 30 35 40 45 50

Frame Number

3101 4.5(n) SIUYAMIAUIIVBBANDT NUFHAAI 9 IWONATOUNUSINNIN Miss America

Mean Square Error
T »T I | BT R o L T T T T T L

1L L | | | I
5 10 15 20 25 30 35 40 45 50

Frame Number

11 4.5(0) ManwAaNaIMAITouRdsYRIdaNes NUYHAA1 o Ionade U

819UNIN Miss America



66

PSNR
4? T T T T T T T T
§
i\
46 ;'|1
. i
45 X i _
44+ f { .
i .
o 43F b | ’. ::
= i ’ II :'
2 y| \ |
42 % |
g g
== Fs
anr | —— AADS
| ==~ ADSC 1
ar By
[ ; B, 758
30} | --- FS8§
38 | 1 S & B B 1 +i W | 1 1 1 i
8 10 15 20 25 30 35 40 45 50

Frame Number

517 4.5(n) Mo IEIMRAId Y IUI0AADH Y IVUTUNIUYDID AND3 NUFTAA Y

U

Lﬁﬂﬂﬂﬁ@UﬁUﬁWﬁUﬂTW Miss America

A @ af Y a T Y o 9 4
‘gﬂ‘l/l 4.5(n) 'é]aﬂ@iﬂuﬂﬁﬂuﬂumﬂl’iﬁl%i%uﬂuliJﬁﬂJﬂﬂﬂiIﬂfﬂ‘]fﬂﬁﬂiUﬂ1ﬂﬁgﬂﬂuﬂﬂa1\1

(ADSO)  suliswaugamsdumuandanindsmsh hildsuéogaguinas (ADps) usiilu
1 < [ :;' @ a a [

Aniouantooniniy - daneINuMIAUMILUINYTEA IaUUIAT (ADS) #11308AANS
AUNIA91NDANDI NUMIAUM WV UNYITITNA (DS) T 1aiiesas 8 tazdanosny ADSC

anldllszinaiosas 9
717 4.5(1) yaasmANURANAIAIAITURAY (MSE) ¥930an03 NUFHAAIN 9 1INHANIS

< 9 1 1 ax A Y A [ A A Aas Y
maa‘umu'lﬂm A1 MSE ﬂJENLLﬁﬁ&’)‘ﬁﬂﬁﬂﬂﬂﬂmﬂmﬂu WNea w1 alsunIsms AADS Gl‘l’iﬂ?

a o w A 1 ad A 3 9 o, @ Aq ¥ a ~ A
ANUNANAIANTAITDIURNAYTININIDTNITOU 9 LaNldY ﬁ’lWﬁUW\IilWlblﬂﬂ')uJWﬂWﬁ’lﬂf,IQVlQ'ﬂ o

5w 46 aliAn MSE uiies 8.04 Ui 4.5(n) uaasmonsaiumaidyaineanedyn o

!

= ~ ! Y o 4 g & A A
51Jﬂ')ulﬂ‘§EJ‘U!,‘I/lfJ‘]J53W’JNﬂ'lW{5]Llll,ll‘Uﬂ‘llﬂTIN‘VIﬁ"JN"Uuﬁ]1ﬂﬂi§i°]J'le!ﬂ'l§'ﬂ'liﬂigll'lﬂ!ﬂ'l‘i&ﬂa’E]‘Llﬂ

v 2 ' '
Aw8aneINuA1g 9 suNTian1 PSNR Hoani10anos numsAuniuunimuauniiga ao wlsun

46 %93 PSNR #1031 0.994 db



A157199 4.4 M3lTeuNeUANTTOULVDITANDITNUA ) VOIAIWUAIN Miss America

67

Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 3.8664 - - 225 1.0
TSS 3.9967 0.7705 1.1863 25 9.0
FSS 3.9571 0.7630 1.2087 17.94 12.54
DS 3.9191 0.7643 1.2145 14.35 15.68
ADS 3.9214 0.7553 1.2337 13.22 17.02
ADSC 3.9178 0.7555 1.2350 13.10 17.17
AADS 3.9646 0.7471 1.2479 10.51 21.41
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 23.2540 - - 225 1.0
TSS 27.5192 0.8172 0.8405 25 9.0
FSS 27.1974 0.8162 0.8311 18.28 12.31
DS 25.2929 0.8470 0.6856 15.12 14.88
ADS 25.5169 0.8398 0.7030 13.98 16.09
ADSC 25.3227 0.8460 0.6853 13.07 17.21
AADS 25.9876 0.8261 0.7327 11.62 19.36
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43.1.5 wamsmaeuﬁ’uqﬂmw Salesman
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 7.5549 - - 225 1.0
TSS 8.0533 0.9897 0.0241 25 9.0
FSS 7.9499 0.9911 0.0198 17.08 13.18
DS 7.7152 0.9941 0.0150 13.13 17.14
ADS 7.7840 0.9926 0.0171 12.21 18.43
ADSC 7.7428 0.9932 0.0160 12.17 18.50
AADS 7.7752 0.9919 0.0165 7.08 31.79
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 12.1271 - - 225 1.0
TSS 13.8378 0.9150 0.2200 25 9.0
FSS 13.4861 0.9244 0.1835 17.72 12.70
DS 12.8470 0.9467 0.1448 14.18 15.86
ADS 12.8771 0.9456 0.1464 13.22 17.02
ADSC 12.6791 0.9531 0.1321 12.57 17.91
AADS 12.8674 0.9428 0.1410 8.94 25.17
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4.3.1.7 Naﬂ]iﬂﬂﬂﬂﬂﬁﬂ‘qﬂﬂ]ﬂ Foreman
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 24.8782 - - 225 1.0
TSS 33.0779 0.7991 0.8686 25 9.0
FSS 30.4993 0.8203 0.7329 18.44 12.20
DS 28.5719 0.8547 0.6472 14.98 15.02
ADS 28.5535 0.8537 0.6434 13.94 16.14
ADSC 27.5551 0.8819 0.5343 12.74 17.66
AADS 28.6014 0.8604 0.5916 10.16 22.14

~ I~ =1 o == [ A Yo o dyd
MINN 4.8 Llﬁﬂ\1fﬂilﬂﬁfJULT]fJiJﬁ?Jiiﬂu%m@ﬂ@ﬁﬂ@iﬂll@n\‘] 9 lll'ﬁﬂﬂfﬁWﬂllﬂ'lWUl“]Ju

v H 4 1
AMNUVDI WD MATMINYUNAY WU AAnwAanaIadasdoundsliageuinmile

= ~ v o w A [ AL Yo S A A 42‘ [
WSeuNeUNUMAUNNNRIUL Dane5Ny AADS A R RG Rt T SN TR VRTATISIAY, 22.14



43.1.8 wamsmaeuﬁ’uqﬂmw Trevor

9000

8000

7000

SearchPaint
()]
(=)
o
o

5000

4000

3000

QU

Number of SearchPoint

+ ¥ ¥ ¥ T T T T ] T

—d — e~
L A e e . e

AH ey ﬁ*_*.ﬂwww'*#WW+*H%*m*H*ﬁ + V‘KMM

> F /I = N = P A YR LY L% 1 1 l
5 10 15 20 25 30 35 40 45 50
Frame Number

519 4.10(n) wIUAMIAUNIVEIDANDT NUFUAAN 9 LIENATOUAUAIAUAN Trevor

Mean Square Error

T

T T T T T T T T T T
i —+— FS

o —— AADS o

~- ADSC ]

~—— ADS :

—=— DS

———F55

-~ FS5

L L

S 10 15 20 25 30 35 40 45 50
Frame Number

17 4.10(v) MANuAaNEIMAIToURAEYBIBANDI NUFHAAI 9 Ionade U

81AVNIN Trevor

80



81

355+

35

34.5

PSNR

34

335

a3l |

5 10 15 .20 .25 30 35 40 45 50
Frame Number

317 4.10(m) ABas@IMMGIT YA VLI TR INUTUNINVBIOANDTNNFHAAN

WeNAADUNUSIAUNN Trevor

A o ) & ¥ o A A v o
5‘]J°I/l 4.10(n) Llﬁﬂ\ﬁ]11!’Ju‘Qﬂﬂﬁﬂuﬂ”lcmﬂi’)u"lﬂﬂﬁiﬂlﬁllﬂ INIIENTAADUNUBILAASING

U

1 a3 @ ! J 1 o a ' @ a
moluamliFannin 510 4.10w) uaasn1 MSE voudagdanasiy Wy 8anesny AADS

' a o w { 1w a 4 (] 1 <} o
sl,ﬁ’mmmmwmﬂmmﬁmm'ﬁaqqﬂmaaﬂeiﬁuﬁu 9 Laﬂﬁ}i’]ﬂ f’JfJNllﬁﬂ@'l"lll mmu@@maﬁ’um

=1

s Y o o ~q Y a = A A L2 A Y
nldhanasldun dmsusuilianuranaiageiiga ae wlsui 25 Falia1 MSE iy 32.67
517 4.10(a) udasdan PSNR voauaazdanes iy laomsuiiia1 PSNR fiesniidanasiy

v & A 2 = £~ o1
MIAUNUUNIRNANINNG A AD 339 25 B9 PSNR 1112198 0.379 db

~ ' ' 2 7 A A o s A AA
ANTNWN 4.9 ‘WU'J'lﬂ'JUJ‘H1%3Lﬂu1uﬂ1iWUL3ﬂlﬁﬂiﬂ'li!ﬂﬁ@u‘ﬂ@i\‘lﬂ']JL’JﬂW]@iﬂﬁmﬁ@u‘VWl

a a

Y 1 Y A o Ay Y o w A A Ay A 1 < Ao w
memm‘lﬂmﬂmmJw"lﬂ“lumﬂumwmﬂaauﬂmau 9 ’EIEJNllﬁﬂGnll NITNANAUNIN  Trevor

@

2 ' ' [ v
Hiagranerumelunmmaoun Tl ludemisiuandanu iildmenuranaasideaeuniegs

Y [

o 4 A da o ax Ao g 44 2
] NUAMMUNIN Carphone SFIUNITIAADUNLTY BANDINY AADS Nﬂ@ﬁ’]ﬂj’]ﬂlﬁjﬂlwumulﬂu

=
o

27.04



A15199 4.9 M3lTeueuaNTTOULVRIBANDITNUA | VBISIAUNN Trevor

82

Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 24.5515 - - 225 1.0
TSS 26.1816 0.9139 0.4710 25 9.0
FSS 25.6364 0.9160 0.4637 17.41 12.92
DS 24.9950 0.9284 0.4383 13.68 16.44
ADS 25.1470 0.9241 0.4475 12.71 17.70
ADSC 25.0618 0.9242 0.4470 12.45 18.07
AADS 25.3288 0.9230 0.4482 8.32 27.04
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 12.8570 - - 225 1.0
TSS 14.3864 0.8388 0.7950 25 9.0
FSS 13.8972 0.8422 0.7363 17.85 12.60
DS 13.7454 0.8465 0.7402 14.16 15.90
ADS 13.8966 0.8420 0.7497 13.11 17.16
ADSC 13.6444 0.8436 0.7387 12.76 17.64
AADS 13.6224 0.8409 0.7392 9.40 23.94
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 3.2900 - - 225 1.0
TSS 3.3120 0.8543 0.7377 25 9.0
FSS 3.3044 0.8508 0.7447 17.59 12.79
DS 3.3068 0.8507 0.7461 13.77 16.34
ADS 3.3072 0.8474 0.7526 12.80 17.58
ADSC 3.3064 0.8472 0.7573 12.72 17.70
AADS 3.3296 0.8447 0.7593 8.68 25.93
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Algorithm | Average MSE | Prob. | Average Distance | Average Searchpoints | Speed up ratio
FS 64.0622 - - 225 1.0
TSS 81.5568 0.8153 0.9215 25 9.0
FSS 77.6466 0.8542 0.6786 18.29 12.30
DS 72.3526 0.9160 0.4306 14.48 15.53
ADS 74.9374 0.9119 0.4409 13.47 16.71
ADSC 74.5298 0.9179 0.4225 12.74 17.67
AADS 74.1246 0.9167 0.4076 9.18 24.50
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ADAPTIVE ASYMMETRIC DIAMOND SEARCH ALGORITHM
FOR BLOCK-BASED MOTION ESTIMATION

Thaveesak Sappasitwong, Somchai Jitapunkul, Atit Tamtrakarn,
Punnachit Kitti-punyangam, Supavadee Aramvith and Hatairat Kortrakulkij

Department of Electrical Engineering,
Chulalongkorn University, Bangkok, Thailand

ABSTRACT

Based on the correlation of motion vectors
between adjacent blocks, an adaptive asymmetric
diamond search algorithm (AADS) for block
based motion estimation is proposed. The
proposed method exploits adaptive search pattern
depend on predicted motion vector. In addition,
the accuracy of the prediction is improved by
changing initial search center position.
Simulation results show that the proposed
algorithm can reduce search points up to about
50% compared to the regular diamond search
while keeping the picture quality similar to other
fast search algorithms.

1. INTRODUCTION

The memory and bandwidth requirements of
full-motion video are almost impractical. Video
coding is an necessary process for several visual
communication applications. Fortunately, the
high correlation between successive frames of a
video sequence makes it possible to achieve high
compression by reducing - the temporal
redundancy. Motion estimation (ME) has proven
to be effective to exploit the temporal
redundancy of video sequences and is therefore a
integral part of the ISO/IEC MPEG-1, MPEG-2,
MPEG-4, CCITT H.261 and ITU-T H.263 video
compression standard [1]. The block-matching
algorithm (BMA’s) is‘most commonly used to
implement standardized block-based coding
schemes which-searched the best match block of
the current frame from the candidate blocks
inside the search window in the previous frame.
The Full Search (FS) algorithm can find the
optimal matching block by exhaustively
checking all candidate blocks within the search
window. However. its computational
requirement is too large. To overcome this
problem, many fast block-matching algorithms

have been developed, such as 2-D logarithmic
search (LOGS) (21, three-step search (TSS) [3],
nesw  three-step search (NTSS) [4], four-step
search (FSS) [5], new diamond search (DS) [6],
block-based gradient descent search (BBGDS)
[7], and etc. These fast BMA’s have different
search patterns and search strategies for finding
the motion vector with much less number of
search points compared to the FS algorithm.

In most video sequences, motion objects
usually cover several blocks, so the motion
vector of the spatial neighbor blocks may be very
closely. In addition, the continuity of the motion
in the temporal domain makes motion vectors of
the temporal neighbor blocks may be highly
correlated. In this paper, we proposed a motion
estimation algorithm that exploits new diamond
search pattern which adaptively select shape of
the search pattern. Besides that, the predicted
motion vector helps the motion estimation to
start search at a better position so that the
average search point could be further reduced
and-increase chance to jump out of the local
minimum point.

This paper is organized as follows. In the
following section, The proposed algorithm is
described. Simulation results are shown in
section 3. Finally, in section 4, the conclusions
are given.

2. ADAPTIVE ASYMMETRIC DIAMOND
SEARCH ALGORITHM (AADS)

Due to the fact that the motion vector in video
sequences are highly correlated to its neighbor’s
motion vector. Some linear prediction of motion
vectors utilizing spatial neighbor blocks are
proposed [8]. Based on the spatial-temporal
motion vector correlation, the prediction by the
use of temporal neighbor blocks is included [9].

Our proposed algorithm has two stages. The
first stage is a motion vector prediction.
The second stage is an adaptive asymmetric
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Fig. 1. The neighboring blocks in the motion
vector prediction stage.
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Fig. 2. Two search patterns which selectively
used. (a) Large Asymmetric Diamond Search
Pattern: LADS (b) Small Diamond Search
Pattern: SDSP

diamond search algorithm using adaptive search
center.
Stage 1. Motion vector prediction

Let b, is the current block that is being
processed of the t'th frame. The other
neighboring blocks is shown in figure. 1.

Let B:[Z7I~I« b, so b Dy b/—l.:SJ
:[bo b, b, b, /)4] QD)

denote the neighboring blocks used in prediction
process. And A :[ao a, d, a, u:‘] means the

weighting matrix of the neighboring blocks B,
with the normalization

i a =1 (2)
i=0

The determination of the search pattern is depend
on type of motion in each block. Two type of
motion are as follow:

Type 1. gentle motion (stationary or quasi-
stationary) by the criterion

If 'b, — bOH < Ro , Vie [O, 4], then
b/ =sign(-)x /[ab.s‘(b
(3)

+0, 5 +/)/,/z)/3-0+0.35]

1=l
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is the predicted motion vector, where sign(-) is a
sign function, assign from the sign of
by +b iy +b iy, l[] denote rounding toward

zero (rounds to the nearest integer toward zero)
Type 2. fast motion, which satisfies

Hb, —bou >Ry, die [0,4] , then
bl = I[}LB r l (4)

Stage 2. AADS algorithm
As illusstrated in fig.2, The proposed
algorithm is summarized as follows:

Step 1.(a) While the motion is type 1, eq.(3) is

used to predict motion vector. Small
pattern is selected.
(b) While the motion is type 2, eq.(4) is
choosen. A search point opposite to the
angle of predicted motion vector is
omitted. LADS pattern is used. This
pattern is hold until the motion vector is
obtain.

Step 2.MAE of the original search center (0,0)
and the position found in prediction stage
is compared. The point which obtains the
minimun BDM is chosen as the search
center.

Step 3.(a) If small pattern is applied, if the
minimun block distortion (MBD) point is
located at the center, it is returned as
motion vector; if not, go to step 4(a).

(b) If LADS is used, If the MBD point is
located at the center, go to Step 5;
otherwise, go to Step 4(b).

Step 4.(a) The MBD point in the previous search
step is repositioned to form a new
pattern. The position of MBD point found
in this step is the final solution.(one
iteration is allowed)

(b) If the MBD point is located at the
center, go to Step.5; otherwise, iterate this
search step.

Step 5.Change the search pattern to SDSP. The
MBD point is selected to be the motion
vector.

3. SIMULATION RESULTS

Simulation results using the luminance
component of the first 50 frames of various
sequences. The size of each frame is 176 X 144
pixels. The block size is fixed at 8 X 8. The
matching algorithm is proceed within 15 > 15
search window. The mean absolute error (MAE)



distortion function is used as the block distortion
measurement. For the blocks in the first row and
column, they have no prediction and use
conventional diamond search as the search
algorithm.
We compare AADS with other well-known
algorithms such as FS, TSS, FSS and DS, as
given in Table 1, using the following criteria.
1) Average MSE per pels: This shows the
distortion per pixels between reconstructed
frames and original frames.
2) Probability of finding motion vector as that of
FS: This displays probability of the algorithms to
obtain the same motion vector as those found
using FS algorithm.
3) Average distance from motion vector of FS
per block: This measures the Euclidean distance
between obtained motion vector and that of FS.
4) Average number of search points per motion
vector: This can be represents the complexity of
algorithm. In addition, speed up ratio which is
the ratio of the number of search points obtained
from FS and algorithm is included.

we can see that the proposed algorithm
reduces the number of search points in the search
procedure. For a stationary or quasi-stationary
sequence such as “Akiyo”, the proposed
algorithm reduces the number of search point
while MSE is almost the same as that of full
search algorithm. For the sequences with large
displacement and fast motion, for example,
“Carphone™ and “Foreman”, AADS works very
well in term of accuracy and computation
complexity as shown in fig. 3. Besides that, we
show the 12" frame of the original and
reconstructed images which has the largest
distortion of 2.59 dB in fig. 4.

4. CONCLUSION

In this paper, we proposed an adaptive
asymmetric diamond search algorithm to reduce
complexity of motion estimation procedure. This
algorithm exploits spatial-temporal correlation to
predict motion vector and adapt search pattern
suitable with each sequence. Simulation results
show improvement in speed up ratio up to 21
times of FS, while quality is almost that of other
fast search algorithm.

115

6. REFERENCES

[11 P. Kuhn, “dlgorithms, Complexity Analysis and
VLSI  Architectures for MPEG-4  Motion
Estimation,”  Kluwer Academic Publishers,
Netherlands, p.17, 1999.

‘[2] J. Jain and A. Jain, “Displacement measurement

and its application in interframe image coding.”
[EEE Trans. Commun., vol. COMM-29, pp.
1799-1808,

Dec. 1981.

[3] T. Koga, K. linuma, A. Hirano, Y. lijima and T.
[shiguro, “Motion compensated interframe
coding for video conferencing,” Proc.Nat.
Telecommun. Conf., New Orleans. LA, Nov. 29-
Dec. 3 1981, pp. G5.3.1-5.3.5.

[4] S. Zhu and K. K. Ma, “A new three-step search
algorithm for block motion estimation,” [EEE
Trans.Circuits Syst.Video Technol,Vol. 4. pp.
438-442, Aug. 1994.

[5] L. M. Po and W. C. Ma, “A novel four-step
search algorithm for fast block motion
estimation,” /EEE Trans. Circuits Syst. Video
Technol., Vol.6, pp. 313-317, June 1996.

[6] S. Zhu and K. K. Ma, “A new diamond search
algorithm  for  fast block-matching motion
estimation,” /EEE Trans. Image Processing, vol.
9, pp. 287-290, Feb. 2000.

[7] L. K. Liu and E. Feig. “A block-based gradient
descent search algorithm for block motion
estimation in video coding.” [EEE Trans.
Circuits Syst. Video Technol., Vol.6, pp. 419-
423, Aug. 1996.

[8] Lijun Luo, Cairong Zou and Xiqi Gao. “A New
Prediction Search Algorithm for Block Motion
Estimation in Video Coding.™ [EEE Trans.
Consumer Electronics, Vol. 43, No. 1, Feb. 1997.

[9] Ming-gang Liu and Chao-huan Hou, “A Fast
Block-Matching Motion Estimation Algorithm
Based on Spatial-Temporal Motion Vector
Correlation.”™  ~ Proc. 2001 International
Symposium on Intelligent Multimedia, Video and
Speech Processing, Hong Kong. May 2001,



Table 1.

116

Performance Comparisons of FS, TSS, FSS and AADS using “Foreman” sequence.

Average MSE | Prob. | Average Distance | Aver. Search Points | Speed up ratio
FS 25.09 - - 225 1.0
TSS 33.08 0.997 3.16 25.00 9.0
FSS 30.05 0.997 3.49 18.44 12.2
DS 28.57 0.998 4.70 14.98 15.0
AADS 32.94 0.996 2.91 10.67 21.1
Table 2.

Performance Comparisons of FS, TSS, FSS and AADS using “Carphone” sequence.

Average MSE | Prob. | Average Distance | Aver. Search Points | Speed up ratio
FS 23.42 - - 225 1.0
TSS 27.52 0.998 5.82 25.00 9.0
FSS 27.20 0.998 1591 18.28 12.31
DS 25.29 0.997 - 5.32 15.12 14.88
AADS 27.41 0.997 4.58 10.88 21.09
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Figure 3. Simulation results of “Foreman”
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Figure 4. Performance evaluation of 12" of
“Foreman” sequence (a) an original image (b)a
reconstructed image of AADSC algorithm.
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Abstract: In this paper. we present an adaptive asymmetric diamond search (AADS) for block based motion
estimation. The proposed method exploits adaptive search pattern based on the predicted motion vector. In addition,
the accuracy of the prediction is improved by changing initial search center position. Simulation results show that the
proposed algorithm can reduce the number of search points up to about 50% compared to the regular diamond search
while keeping the picture quality similar to other fast search algorithms.

1. INTRODUCTION

Due to limited channel bandwidth and very large
sizes of uncompressed video, video compression
plays a significant role in video coding systems.
Motion estimation (ME) has proven to be effective to
exploit the temporal redundancy of video sequences
and is therefore a integral part of MPEG-1, MPEG-2,
MPEG-4, H.261 and H.263 video compression
standard [1]. The block-matching algorithm (BMA),
the most commonly used in the standardized block-
based coding schemes, searches the best match block
of the current frame from the candidate blocks inside
the search window in the previous frame. The Full
Search (FS) algorithm can find the optimal matching
block by exhaustively checking all candidate blocks
within ~ the search  window. However, its
computational  requirement = is = expensive. = To
overcome this problem, many fast block-matching
algorithms have been developed, such as 2-D
logarithmic search (LOGS) ([2], three-step search
(TSS) [3], new three-step search (NTSS) [4], four-
step search (FSS) [5], new diamond search (DS) [6],
block-based gradient descent search (BBGDS) [7],
and etc. These fast algorithms use different search
patterns and search strategies to find motion vector
with much less number of search points compared to
the FS algorithm.

In most video sequences, motion vector of a
block is highly correlated to the motion vectors of the
adjacent blocks and also the motion vector of the
temporal neighboring blocks. In this paper, we
propose a motion estimation algorithm that exploits
new diamond search pattern which adaptively selects
shape of a search pattern. Besides that, the predicted
motion vector helps the motion estimation to start
search at a better position so that the average search
point could be further reduced and increase the
chance to jump out of the local minimum point. This
paper is organized as follows. In the following
section, the proposed algorithm is described.
Simulation results are shown in section 3. The
conclusions are given in section 4.

2. ADAPTIVE ASYMMETRIC DIAMOND
SEARCH ALGORITHM (AADS)

Due to the fact that the -motion vector in video
sequences are highly correlated to its neighbor’s
motion vector, 'some linear- prediction of motion
vectors utilizing spatial neighbor blocks are proposed
[8]. Based on the spatial-temporal motion vector
correlation, the temporal neighboring blocks are used
in the motion vector prediction [9]. Our proposed
algorithm has two stages which are described as
follows:
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Figure | The neighboring blocks in the motion vector
prediction stage.

Stage 1. Motion vector prediction

Let b,; is the current block in the M frame. The
neighboring blocks are shown in Figure 1. Let
B:lb b1 b biix iy J

:[bo b, b, b, b4] (M

denotes the neighboring blocks used in prediction

1=l

process. Define A :[C’o a, a, a, 04] as the
weighting matrix of the neighboring blocks B, with
4
the normalization: Z a, =1 2)
i=0
There are two search patterns, large asymmetric
diamond search (LADS) pattern and small diamond
search (SDS) pattern, as shown in Figure 2. The
determination of the search pattern is based on
motion types in each block. Two types of motion are
defined as follows:

Type 1. The motion is gentle motion (stationary or
quasi-stationary)

it b, —by|<R,,
bl =sign()x Iabsb, |, +b, , +b,,,)/3.0+0.35] (3)

.as the predicted motion vector, where ‘sign(:) is-a

Vie[0,4], then  assign,

sign function for b, +b,;; +b, ;5. I[] denotes

rounding toward zero, i.e., rounding to the nearest
integer toward zero.

Type 2. The “motion is fast ‘motion, which
satisfies ”b, 7170“ >R,. Jie [0,4], then

bl = Il/lB"ll 4)

Stage 2. AADS algorithm is summarized as follows:

Step |: If the motion is type 1, eq. (3) is used to
predict motion vector with SDS pattern. If the
motion is type 2, eq.(4) is chosen with LADS
pattern. A search point opposite to the angle of
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(a) (b)

Figure 2 Two search patterns. (a) Large Asymmetric
Diamond Search Pattern: (LADS) (b) Small Diamond
Search Pattern: (SDS)
predicted motion vector is omitted. This
pattern is used until the motion vector is

obtained.

Step 2: Mean absolute error (MAE) of the original
search center (0,0) and the position found in
prediction stage are compared. The point
which has minimum block distortion (MBD),
t.e., minimum MAE, is chosen as the search
center.

Step 3: (a) If SDS pattern is used, and if MBD
point is located at the  center, it is a motion
vector; otherwise, go to step 4 (a).

(b) If LADS is used, check the MBD point is
located at the center, go to Step 5; otherwise,
2o to Step 4 (b).

Step 4: (a) The MBD point in the previous search step
is repositioned to form a new pattern. The
position of MBD point found in this step is the
final solution (only one iteration is allowed).
(b) If the MBD point is located at the center,
go to Step 5; otherwise, iterate this search step.

Step 5.Change the search pattern to SDS. The MBD
point is selected to be the motion vector.

3. SIMULATION RESULTS

Simulation ~results using the luminance
component of the first 50 frames of various
sequences. The size of each frame is 176x144 pixels.
The block size is 8x8 pixels. Search window of 15x15
pixels is used. MAE is used as the block distortion
measurement. For the blocks in the first row and
column, they have no prediction and use conventional
diamond search as the search algorithm. In the

simulations, we use /1:[0.4 0 03 03 O],
and R(;:\/E.

We compare AADS with other well-known
algorithms such as FS, TSS, FSS and DS, as shown in
Table 1 and 2, for Salesman and Akiyo sequences,
respectively, using the following criteria:



e Average mean square error (MSE) per
pixels: This shows the distortion per pixels
between original and reconstructed frames.

e  Probability of finding motion vector as that
of FS: This value represents probability of
the algorithms to obtain the same motion
vector as those found using FS algorithm.

e  Average distance from motion vector of FS
per block: This measures the Euclidean
distance between obtained motion vector
and that of FS.

e Average number of search points per motion
vector: This value represents the complexity
of algorithm. In addition, the speed-up ratio,
which is the ratio of the number of search
points obtained from FS and algorithm, is
included.

We can see that the proposed algorithm can
reduce the number of search points of up to ~50% in
the search procedure compared to DS scheme. Figure
3 shows the MSE and the number of search points for
the sequences with large displacement and fast
motion, “Carphone”. We can see that AADS works
very well in terms of accuracy and computation
complexity. Besides that, the comparison of the 23"
frame between an original and reconstructed image
with the largest value of MSE of 47.19 is shown with
a little noticeable visible distortion in Figure 4.

4. CONCLUSION

In this paper, we proposed an adaptive
asymmetric diamond search algorithm to reduce
complexity of motion estimation procedure. This
algorithm exploits spatial-temporal correlation to
predict motion vector and adaptively select suitable
search pattern for each sequence. Simulation results
show our proposed AADS has less  computational
complexity than other fast search algorithms, while
maintaining almost about the same quality.
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“Table |

Performance Comparisons of I'S, TSS, FSS and AADS schemes using “Salesman” sequence.

Average MSE | Prob. Average Distance | Average Search points | Speed-up ratio }
FS 7.5549 - - 225 1.0
TSS 8.0533 0.9897 0.0241 25 9.0
FSS 7.9499 0.9911 0.0198 17.08 13.18
DS 7.7152 0.9941 0.0150 13.13 17.14
AADS 7.9618 0.9890 0.0196 7.15 31.48
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Table 2
Performance Comparisons of FS, TSS, FSS and AADS schemes using “Akiyo” sequence.
Average MSE | Prob. | Average Distance | Average Search points | Speed-up ratio
FS 2.9609 - - 225 1.0
TSS 3.0057 0.9992 0.0012 25 9.0
FSS 3.0057 0.9992 0.0012 17.00 13.23
DS 29711 0.9994 0.0012 13.01 17.29
AADS 3.0920 0.9979 0.0027 | 6.73 33.42
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Figure 4 Performance evaluation of 23" of
(b) “Carphone” sequence (a) an original image (b) a

reconstructed image of AADS algorithm.

Figure 3. Simulation results of "Carphone’ sequence
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