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2.3 m3silszanamanasui (Motion Estimation)
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Decoding IPBPB
Display BBIBBPBBPBBP
Decoding IBBPBBPBBPBB
Display BIBBBbPBIBBII
Decoding IBPBBBBIBIBBI

Original image

Coded image or Residues

_ % } > Intra-image * >

- A Encoder

Intra-image

Decoder

}
P

Motion Frame
L h i
Compensation Memory
T

Motion <«

Motion Parameter

A J

Estimation

Multiplexer

[

~ < 9 v o Aa o A ~
ﬁJ“VI 2.1 Uﬁ@ﬂllﬂﬁlzl,!,ﬂiwllﬁlx‘lﬂﬁlﬂﬂiﬂﬁ YYINUIN AULUUNUNITUVOR

u

[

d’ ~ = 0 Yy 1o A Y Y w nYu a
fl]’lﬂ?jﬂ‘]ﬂ 2.1 NUASNIDNTSUUNTITNINIUUDIATUETN WUYIUTHTD mm"ljﬁ‘ﬂ’dllil JU

Y o Yy a o o iy 1y Y ] o {
1. mansamlsudans - dwmsulsun bideamsinswauvulsmaimnemsnaou
= . .. Y o 9 Y . o
7 (Motion Prediction) 32415 @851 H v U815y (Intra Frame Coding) HUURY

d‘ 1 = [ Q' 9 1 Y] d‘ 1 1 9 [y 1
NFUAGINUNIWUL - UAITITUANINW  (Image Code) @@ﬂllﬂ INDNIUTIUNTLUITH A YO
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@ [ 1 ] o ng o < 1 o I [ 1
yanutoududvesdynia  tazuenaniusianmnazgndenauuuny 13demtiienn
o 4 o o 3 a o o 4 o
$1(Frame Memory) torinduinIfdumsudradedmsy msvszanamsinasuinge 1)
2. madnsWamsundesmsmsisznamsnaoud - wsuilaqiu (Current Frame) A
9 9 [ 1 [ ] d‘ d' . . .
Aoamyvzdnsiaszgnasludedinves msdszanamsndouil (Motion Estimation) 1ag

il
a =)

[ Y o o [ v 4 4 1 1
dautivgriusuilogtiu huSeuieususuddanelda nnmesmandouiioonu

'
o A

4 4 { 1 I 1 Y] ] [V | [
nmwesmanasuizgnds hldidmmsdnswadyana edsosn lduwesdyain uaz
D (e A 4 . A A dayw
gﬂm"hJstumwm%mimaau% (Motion Compensation) {WONINITYALFINITIAADUN 14
A A~ o ~ . .
HanmMssasenIsinaouneonuuiy lsungnilszunar (Bstimated Frame or Estimated
Y ] Y
Picture) nasnniusungnilszmaazgnas linannnmlsuilagiv manuiouluuaas
A 9 1 1 = 1 o 9 a ~ 1 [
99N 18910 anuuanaNveazyadiznig wlsuilagiu uaz wlsudnds Fenddau
A A Aa 4 #
INADNIDANUNANDIANNAIN(Residue)
Y v 1 P A = a 9 - Y o 1 =
3. MINTHATIUNHADHIOANUAANAIAANA (Residue) - MFNTHAVOITIUNAD
o 9 % ] ) [ 9 a =\ A o = o 9 o
mmamnsarfedny msue1eas uie amianaliaesin msrseauuunielumlsy

(Intra Frame Coding)
2.3.1 auaAG WU (Basic Assumption)

A A Ao g A = o Y
ﬂﬁﬂ'ﬁ$3JTmm‘iLﬂaE)u‘VIﬂfJ‘i%“U”U‘ﬂT]Wﬁu1ﬂﬂi%u1m%qﬂﬁﬂl@dlﬂiiﬂﬂi]i]jJu NTNO N
a a ' 9 a2 _Aa . . =2 = 1q
EJﬂu’é)ﬂG]IﬂEJ’E)QIJ‘]JuzﬂLLUUﬂIENGUEm”aﬂiQM-L’m1 (Spatio-Temporal Information) %3801 “NT

lviaveuas” (Optical Flow) tmatlalumsdszanamamaouiidiulvajszeguuauuigiuag

Y
~

1l
' . Y A A D) A A a g
1. ANUAIT (Brightness) 1ednalinnfennaoaduniemsmaoui - auuagutiiiau

d' d' 1 d‘ nm Y a A' d' A 1
eazmsmsnasuuainnuained hi'ldmaannmsmasun Tagazdedns ma

Y ] [ Y
YOI IHUA (Optical Flow) 121AARINMSAR oI
2. dyveuvlsudreden liegdumsuilagiiuez il amms lvaveanda

9) a A ' 9 o a 3= o Y o
dudeuuagiuiaril oz ligndesauysailuganimasen uangmirly1dTagns 11y
a A ~ 1 A a & = Y
madamsUszanamandoun  Tugrmenssyiiduin madamssznamsmaeun 1ai
@ % [ [ I ax [l 9 an [ dy
msanfuedannne  aunsamie  Wudtlugqla 3 35 @il [ RaoKR and

Hwang,J.J.,1996; Furht,B ; Greenberg,J. and Westwater,R.,1997 ; Cheung ,C.K. ,1998 ]
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- 52euIBaumMIMI 11aveauad (Optical Flow Equation Method)
- s2iflouITmasinesEw (Pel Recursive Method)
Aax o Aa 1T 3
- sziflouiToaneTiumsinguaen (Block Matching Algorithm Method)

ad o

1 A A J 3 ax ™ a 9 = aR Y 1 I
MUNAWITNNANININITINID Iﬂﬂﬂ’)l’lﬂumﬂ‘b’ ITLUIVITOANVINUNITIVIYUADN
E

1 a a { aw a a J <
MziANVaNgaveInNuhetazlizaninmanga tazlunuitevodIneiwusaiuin

] Y = ad v Aa R R
VYUUU 578a210IAVDIITOANDINNUNIILVINVADN
= A .
2.3.2 5$!U€l‘U’Jﬁﬁ?»lﬂ15ﬂ1inl‘ﬁa‘ll®\‘ll!ﬁ\‘l (Optical Flow Method)
o a Y 9 = = a
ﬁiJﬂTﬁﬂWﬁulﬁaﬂlﬂQLLﬁQ@]\‘]ﬁllll@i?ilch’i mmmmmg@ﬁiunm ilgﬁJﬂTiL‘]Jﬁfluhl‘]J@nll

A A Y I 9 Y dy a v dy Y
NIINADUN Iﬂfﬂfﬁ Sc(x1,x2,t) WUMINTZAUANNTUNINATY NUAABZIA LS AIHIZADY

v i 4 2 o A
ADAAADN ANAUNIIN 2.1 Gml,ﬂuﬁumimi"lwmmmmmu

6SC(X;t)V](X;t)+85C(X;t) Vz(x;t)+wzo 2.1)
X1 OX 2 ot
vua i
dx1 dX2

Xit)=—— magv2(X:t) =——
VA(X;t) o (X51) o

S ! 9 Y
X Jumanuaund e iznauaie X1 tag X2
3 { o w
X1 ttag X2 L‘}Jummﬁmmwmmw MIUUWNUN 1 1ag 2 MUaIAY
PR o ' 2 J A ~ .
aﬁumﬂmmﬂumsmm vl Uag v2 “Nl‘]J‘L!L’JﬂLGI’Oiﬂ”liLﬂﬁi’]Ll‘V](Motlon Vector)

2.3.3 izlﬁﬂﬂaﬁlwaglﬂi’)‘ijﬁw_(Pel-Recursive Method)

o 3‘ . o 1 4 A ~ Y 11 Aq Y a
Gll‘!GUTJ'Juﬂ"ITVI']“]ﬂ(RecurSlon) fﬂ%ﬂﬁ‘]Jﬂ"ll')ﬂm’f)'iﬂTiLﬂ'ﬂ@UVIVI"]JQHL‘IJWQFHVIGl‘Hﬂ'NiJWﬂ-

waad TaedSumanuanms
d (X,t)=d_ (X, t)+u,,(X,t) 2.2)

o Y
fviva i
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N 3| ' J 4 { o w ° . {
d,(X,t) Wunmneesmanaeun ludwunsduin(teration)i a
N 3| ' J 4 { o o o . {
d, (X,t) dusmnmesmamdeuiludraumsiiuia(teration)i a-1

u,, (X,t) WuslSulganndrdumssiuani a-1 Tl a

v v
= o

[ "9 9 [} 9 1 4 A A Y 1
msﬂiummmummu Tumsmamnnmesmsnasun - N IHAIMIgATDINAN 1T

Q

W51 (Displaced Frame Different:DFD) (X, d)
e(X,d, ;) =Sc(X +d_,(x1);t+At) - Sc(X,t) (2.3)

A 91 dy Y] 1 Yy o 1 1 Y dy
wielamanuiisuainaumsananudneziie samavlsuuma u, (X,t) Al

U (X,t) = —%vd le2(x.d,)] 2.4)

Tagh
<3| o a va 4
V4 Wi @ Uiiansns@eud(Gradient Operator)

o w o

3 (D] 9 [ Y 1 9 9 (R~ 1 ') = =1
) W1 MBINNIVRAALEIAUNITATUIY O1A1FIIN1ININ %zglimmuhlﬂamﬁaﬂmam

7 < 1

a 1 [ 13 1 a o' 1 @
Tamawﬂwmﬂqq LL@]fgl}']fs{TJﬁuﬂfﬂ$@]!flsl}"l%}1lmﬂiWLﬁaﬂillagﬁﬂTﬂﬂﬂJNﬂWﬁWQQTﬂ'}T ATUNAN

YDIMTAAMUNTIASUA (Gradient Descent)
234 dane3NumMsiguaen (Block Matching Algorithm: BMA)

ax dyc\' An A Yo a 9 v o 1 o
a‘ﬁmsunJua‘ﬁm'lﬂiummuﬂuﬂl%ﬂummiuumsgmm3'1‘1J TumsviAmnmesms
A ~ 1 I = 9 9 A [
IAADUN ”lmwmﬂummgm MPEG 1, MPEG 2 ilag Huud Tiulu MPEG 4 @e visovziiu
A 9 asn dy 9 [ 9 [ o‘ 1 Aas
W1AT91U H.261/262/263/263+/263++ MR85 U FanugUsou lumsmuIna1nIg
ou inauuds waglinnuaugasgninanududeulumsfaezamniwnmslszuna

1 A,

A ~A A 1 9 Qa/l dy 1 = = v Y v
NANIATOUNNANIN LAY ‘Vlﬁu‘ﬂzﬂﬁ"l'lfl\ﬂﬂﬂﬁglﬂﬂﬂiuﬂ')ﬂlﬂﬂﬂ‘lﬂ
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2.4 9and3NUM3ITIYUEN (Block Matching Algorithm)

241 aUNAFIUYIIDANDINNMIINIUADN (The Assumptions of Block Matching
Algorithm)
= < = o A A a 2 [ 1 @ =
yadnnyaluvden@erny szmaoud lllufemaRernudrevinameg du @ 1

J A A a @ a dy 13 a A <] =) 1A a
IMDINITIAADUNAYINU) aumgmu%z"lmﬂuﬁ]muauaaﬂmmﬂiwmmﬂﬂ HASTUUNTIU

4
2 A <

o3| a <] 1 [ J ] :
wilueSannluievuavesudenanas uavinavesudenidoslnaneaunisnenazuen
' ' 3 ) ) 3 < ] A A
nezganuvouaazuaonla Tagna lluaenvinaanaz liwavesmsiszanamsinaouinig
' an A [l ] 1< < 13 < o
1 (szdevatouse luldldiheniiluvdaenudiiluged) vuavesuasnialife 8xs
1ag 16x16 pixels)
o o A Ao q o a= Y 1 Y Yuk gy
Paveduqnilnoanesnumsdhguaenlsaulaaaulaun
v d’ c!' o . = d'
- e luninaeun I uNunUsZIDYEINN  (Translation)  Iufimsnlasu
uilasundn M3INYUUDIIAY (Rotation) , NTVYY (Scaling) 1AL (Zoom)
1 o < c?/’ o ]
- anwevesnmdanyazitlugduuu@einalunal tagmedumis vueany
Nszaunasluamasi lifimsalasunlag
o ra d? =) dy %
- hilidegIndmedulunmuio  msweld  (uncover)  wpImvidipanad

(Background)

2.4.2 TuMdUNSZLIUNSVBIDAND3 NNNISINGURDN(Block Matching Algorithm Process)

NxN

~ 1 I
719 2.2 Msuiavaenvounlsy YA NxN
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1 o I <3 1 H [ Y
puanwlusuilegtiu eeniluvaendesq i lifimsdounuiu (non-overlapped block)
1 v A ' < o o A
VAN NG 8N DAoNTag1fu (Current Block) Adg1# 2.2
a 4 4 1 1 < a <
Usziiunmmes mandeunveaunazudon Iagdravannuasnlueda (Previous Block)

E4 H
aunsz1uMIasae i Tasiosangilii 2.3

2.1 f‘imuﬂmauLﬂmmiﬁ'ummaqmsLﬂﬁ'auﬁmaamazuﬁaﬂﬂﬁ]@ﬁu Fuiluvouiun
VOIUIAYBIANABIMIINADLT  veuwARGuNT  Whd1enIAM(Search
Window) mummewmmqmiﬂmyjﬂm'lﬂuﬂnﬁl Fi £ 7 pixels fadogaly
ﬂﬁ 2.4 Lﬂuﬂmmqmiﬂummmﬂ * 4 pixels

2.2 ﬁmumemwﬁgﬁmiﬁ’um -Search Area) UU5u0AR (Previous Frame) 19
Lﬁ@ﬂfqﬂﬂugﬂWU adudumisderfugaguinavesudeniligiui is18
aglunszuIn iufims s lueda Tvnamiiy (N2w) x (N+2w)

mﬂﬁu.’N&N

v

a = 1w <] %
f]iJ‘W‘L!‘VI ‘L!L‘lt‘lillE)ﬂﬂﬂu‘l]uTﬂm'lﬂ‘]JiJﬁ@ﬂ’ﬂi]i]‘]Ju (NxN)

Tasnudonilagifud

2.3 nlSeuneuuae

-

& 4
wunuwsuluoan aaﬂmﬂmi’ﬂiumtmm%ﬂﬁuﬂﬂmmaeﬂ"lﬂmmma 21
/) ‘ ‘
U VIUJ‘L!MI»’]J"],ﬂ ‘Epﬂﬂﬂuﬂmmﬂmiﬂum) la@ﬂﬂ1!3ﬂlﬂﬂiﬂ13
.AJ.AS’

maauw Tlﬁl‘l'iﬂ'lﬂ Nﬂlﬁﬂ?‘lﬂu( ist

¢
UBUINABIN

1 < Y
Bn Measurement) i“"l’T’JN‘Uaﬁlﬂ‘i'ji]i;Uu e

I

[

uaaﬂummmamm m‘m’f@ L“]JNFHFJ{:HGI’EJﬁﬂ'li!ﬂﬁﬂuﬂ%ﬂﬁﬂaﬂﬂ‘l’lﬁ'm\?fgl}uﬂ'l

= / \"-&-

N+2w

N x N Pixels

of current frame

71N 23 miLﬂiEJ‘]J!“VIEHJmiL‘IHﬂ‘]JaFJﬂ
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4 3 2 -1 0 1 2 3 4

71/ 2.4 naamsAumIIIG I 4 pixels
Y LY d A a
2.4.3 M3 IHADNAIMIIAGIUT

@ i o 4 3 4 2 ' A
Tudhsamsdenmnaesmsinaouil 52U dWoyannmesMsAdouN (Motion
1 1 J 4 A 1
Vector Data : MVD) UAUMSAIAIINADI MTAADUTN (Motion Vector : MV) Tﬂameﬁ'mganﬂ-
J 4 { 1 @ 1
MOIMIIAABUN (MVD) 92 nduazis WAl Una1ea 121817 (Variable Length Coding :

VLC) a4 lua1s1an 2.3

M13797 2.3 : SHARNENNAINTAEE IS UTaYANNIADS MIAADUN

(VLC for Motion Vector Data)

MVD VLC Code MVD VLC Code
-16,16 0000 0011 001 0 1

-15,17 0000 0011 011 1 010

-14,18 0000 0011 101 2,-30 0010

-13,19 0000 0011 111 3,-29 00010
-12,20 0000 0100 001 4,-28 0000 110
-11,21 0000 0100 011 5,-27 0000 1010
-10,22 0000 0100 11 6,-26 0000 1000
-9,23 0000 0100 01 7,-25 0000 0110
-8,24 0000 0101 11 8,-24 0000 0101 10
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-7,25 0000 0111 9,-23 0000 0101 00

-6,26 0000 1001 10,-22 0000 0100 10

-5,27 0000 1011 11,-21 0000 0100 010
-4,28 0001 111 12,-20 0000 0100 000
-3,29 0001 1 13,-19 0000 0011 110
-2,30 0011 14,-18 0000 0011 100
-1 011 15,-17 0000 0011 010

v 9 J A ~ [ ' 1 1 U 4 A ~
ATVBYALINIABINITLAADUN WUMANMUUANANIZHIN - ANINNDTNITIAADUNVDY

<3 o o 1 o A ~ < 1 Y [ 4 A ~
Uﬁ@ﬂﬂﬁ]ﬂﬂu NUANINEBDINTIAADUNUDIUADNNDUYI U Tﬂﬂﬂ?ﬂlﬂyjﬂlﬁﬂlﬂ@ﬁﬂ"lﬁlﬂaﬂu‘ﬂfﬂg
9 @ 1 I " 9 4 A A
LYNUITUAEMULARSUNY X HAE y (L‘]Ju MVDx 8% MVDy) ATVBUALINIABINIILAADUN

, -
AMamnnauMIae ladl

MVDXx = MVx(n) - MVx(n—1) 2.5)
MVDy = MVy (n) - MVy(n —1) 2.6)

Tagn
1 4 A ~ < o %
MVX(H):ﬂ1L3ﬂ1ﬂ65ﬂ13lﬂﬁ’E]H‘Vl"ll@\?llﬁf]ﬂﬂi]ﬂqﬂu

1 4 A ~ < 1 Y
MVx(n-1)=A1UINNBINITIAADUNUVDILADNNDUH U
2.4.4 MIIAANUNLUADVADN (Block Distortion Measurement : BDM)

Ronlymsianieudendonnilond < 2 TnUURIN  [RaoKR  and
Hwang,J.J.,1996; Furht,B ; Greenberg,J. and Westwater,R.,1997 ; Cheung ,C.K. ,1998 ; Marichal,
X., 1998 ]

2.4.4.1 MANVAANMIANAIT0URRY (Means Square Error : MSE)

E4
[

< Ay Y o 1q Y A A Aa a =1
Lﬂumm’eﬂ%miﬂ1mmqazm“lwﬂszummwmﬂ%%uam JU

MSE(i,j)=Min(X(m,n)—xR(m+i,n+ N 2.7

M
xNm=
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Tagn
I <3
M x N 111 vuiavesuaon
. LA & ' = A 1 Y 1 k4
1U8Z § MRS —w D +w (w ADAIUVUIAVDINHUINWNNITAUN )
.. 1< 1 a o w = A J A A Y ..
MSE(i,]) WU NUAANAIANIAITOUNAY IWOAUINANDTNITIAADUN tNINV( i ,j)

X(m,n) Wumanuduvesnmilagiiuign (m n)

X"(m,n) LﬂummmﬁmmmwaNmmﬂ (m ,n)
a [y c! H
2.4.42 MANNAANAATHY52UNAY (Mean Absolute Error : MAE)

Tlszansamlndifedny mAanaiasidsdeunas ualdmssiuiadindidey

mmumié’fﬂfr
M N
MAE(i, ) = == ZZ]X(m,n)—xR(mH,mj)\ (2.8)
m=1 n=1
Taeh

I <3
M x N 111 vuiavesuaon
. .o A 09}1 1 =
iuay j UMAA —w D9 +w

.. 1< 1 a @ ¢ A A 1 J A A 1w ..
MAEC(i,j) Lﬂummmwﬂwmﬂﬁummmaa DAUINEDTNITIAADUN LNINV(i, | )
X(m,n) Wumanuduvesnmilagiiuin (m n)
X"(m,n) Lﬂummmg%mmmwaNmmﬂ (m ,n)

E4
Y v

Aa 9 A J A A < = o A v A
HONYIN ﬁ@\?cb'u@"ll'l\iﬂuﬂ!ﬂu:nuUllslclfﬂull'lﬂ NENNAIINDUS AIU[B. Furht, 1997 ]

2.4.4.3 Maximum Matching Pel Count (MPC) 150 Pel Difference Classification (PDC)

9/
Ad

AA o [ @ < A A
MPC Un i’]ﬂ?ilﬂiﬁ]‘ﬂmﬁlﬂlma ﬂmmwammgmmmmﬂuiu uaaﬂmaaﬂnﬂu

@A (Candidate Block) tay uaenilagifu (Current Block) ¥InaNutana19tiosndn an

I <3 Y] 3
%mﬂaﬂu (Threshold) Al 1 uavinanuuanaannn Aliuily o Tas MPC

A o ] A A v 9 1 A 1 A < < d?’
ABVIUIUAVDIYIAT NAWNUUBYNI t 84 MPC ll”lﬂwnclﬂ ANUNUDUUDIUADNNUINUVYY

4
Y% [

Y
MU @3AUUY MPC Iaauaun1sadil

o—
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~ MPC(k,Luv) =2 > T(k+il+ju,v) (2.9)
Tagh (2.10)
1 if (I, (st)-1, ,(s+nt+V)[ <t
t T(st;uv)= (s i . )‘ W uan
0 ,otherwise

yanlaeu

2.4.4.4 Cross Correlation Function

-2

299U Cross Correlation Function NA1auauns

M N ~
ZZ Xm,nxm+i,n+j

M,(@, j)= v/ = = T R 2.11)
PIPIST RDINI
m=1n=1 m=1 n=1

{ ' 1 = < o Ao ]
Tagi X, AvsaveIn1nnNaINvegadiu vaenilogiu ndwmua (m, n) uag X, . Ao

+, ntj
1 1 = < A A 2 Ao J A A g 1 .. 1
wmmmmmmwwmﬁgﬂﬁiu vaenimonu lueds N4 nNwosmMsmaoumum @i, j) A

9
[

dy d‘ aa A 1 o 1 o 1 Y = [ a 9
AU I lagdsH NANVLUN UGG LANITAIUIVADUUINYIN i]\i"l,llﬂ’f)fluﬂﬂelﬂf

2.4.4.5 Minimax

= o

[~ v @ 1 dy A o o & &
W @27amanuney NYeaAIUIUNTAINIUH U HLITIgNU T Ty [Chen

U

M. and Chen, L., 1995 ] iiteaas1iurumssinalumsdszunamamnasuinme 1aulu

HUVNA1959 (Real-time)

ad
IBNII
T . v 1 [ v J I a
111 Maximum "U@Qﬂ?‘ﬂ’ﬂlﬂlﬁﬂ@nﬂﬂli’)\153ﬂﬂﬂlﬂﬂﬂﬂallﬁagﬂ"l}ﬂﬂﬂﬁ@ﬂiu!‘i/\lill’fg]l"lﬂﬂﬂ

E4
=

IS LA s A A 3 Aq Y o A A
'lﬁuﬂﬂ'IULﬂu G(I,J) la@ﬂl']ﬂlﬂ’f]'iﬂ']ﬁlﬂa@umﬁnﬂﬂa@fW]Gh’Tﬂ'] G @]']qu@ INDAANAUBDN

Do

v v
=

oy suniu 019191 Maximum 2 a1 iien)Seudieulumsmial G Adinga
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=S
3]

e

' Y] ° o Y 9 s s g 2 A
- ggaannususoulumsiiuia mlradeesauds (Hardware) laeuuunn 114910
Tudesldmsuarnmiou MAD ualdmsnlssumeuunu
[ L4 4 a o
- MNENY 3159135 (Hardware) HUU1Ia1954 INFIZM5SAIUINaNaduIn
9 . . . 3 o
- ﬂmmwaﬂmmﬂmﬂ% Matching Criterion 111 MAD 1sgina 0.6-4 1esisud

v
yolay
dgl 9

£4
o wa A 1 @ [~ 1
- aﬂymzﬁuummﬁﬁ%muag vanEaEYeIN WL UoE1911N

=

, . h ' .
245 nﬂmasmsmﬁauﬁgmnﬂ"?aqﬂa (Half Pixel Motion Vector)

s A = o v = g D] £
N1ITVTINADINITLAADUN ﬁm15am“l14azmmmmui%“l% ﬂ']i‘]J'in"Iﬂ!LL‘UUﬂS\‘]

' 9
1A @ (Half Pixel Estimation) A21uaz188a a3 3ad gy Tagn1sdseuinan

=

(Interpolation) M3 1% N13sguIuUIATIIAA (Half Pixel Estimation) %381 a1 ué

a

A 2 = v SY )] o A & 1w
INNUTINUYU GluellmglﬂEJ'Jﬂuﬂ@@\11%ﬂ1591u3mlWNN1ﬂmu&quﬂu

AUADY
7 4 A Yot Y Q
1. vnnweimsmaeun laglaasnisnnaaulng
o 4 4 {
2. Ufulse nnwesmamaeui 1dlay

Y
s A

2.1 msdszanmawnyludiiies (Biinear Interpolation) ion1A1v0IAT AN UL

QOO

VOO

OIOL0,
@ O

a

~ [ A =%4 as =&
ETJ‘VI 2.5 aNHULMTAdNYIATAIITUVVATIIAT

€

43Ut 2.5

1988170 pixel ﬁ'ﬁaéué’a AIU9FV1IND pixel fiduaan
Taeii b = (A+B+1)/2
c = (A+C+1)/2
d = (A+B+C+2)/4
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QaJJ 1 Y 1 d { Q' ¥ H
2.2 intiuldm manuieudouden (BDM) 910 8 gafiiuiun (gadvnlugdin 2.5)

=

1 3 J
W30I30n119ANTAUNMUUATIYAT (Half Pixel Search Point) 50UAUDY 1INIADS

A A Ay Y 9y A Y 4 adq Yo dy J I o A
NITAADUN m”lﬂiuma 1 Lﬁ@ﬂi}iﬂﬂ?iﬂuﬂ'lllﬂﬂﬂiﬂﬂﬂﬁ‘i/lsl‘ﬂ AN NUINIUNDUDNATN

=S

@ % 4 { % ) .
EI@ L‘]Juﬂnf]ﬂm@ﬁﬂﬁlﬂaﬁ)u‘ﬁlmﬂ‘ﬂ?\iﬂﬂﬁ (Half Pixel Motion Vector)
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2.5.1.1.1 Three Step Search (3SS) [Koga ,J. and liunuma, K. ,1981]
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gﬂﬁ 2.9 Logarithmic Search

2.5.1.1.3. Orthogonal Search Algorithm (OSA) [Puri, A. ; Hang, H.M. and Schilling ,

D.L.,1987]
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317 2.10 Orthogonal Search

2.5.1.1.4. Block Based Gradient Descent Search (BBGDS) [Cheung ,C. K. ,1998]
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gﬂﬁ 2.11 Block Based Gradient Descent Search
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2.5.1.2.1. Cross Search Algorithm (CSA) [Ghanbari , M., 1990]
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2.5.1.2.2 Four Step Search (4SS) [Po, L.M.; Jain, A.K., 1996]
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2.5.1.2.3. One Dimensional Full Search Algorithm (1DFS) [ Chen ,M. ; Chen, L. ;
Chiuch,T. ,1994]
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waInnaaal luunany [Chen ,M. ; Chen, L. ; Chiuch,T. ,1994]
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2.5.1.2.4. One at a Time Search [Kumar,S. ,1994]
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2.5.1.2.5. Center-biased Orthogonal Search (CBOSA) [Po, L.M. ; Cheung, C.K., 1996]
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2.5.1.2.6. dana3numsauziwegs (Diamond Search : DS) [Zhu, S. ; Ma K. ,1997]
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2.5.2.3 Adaptive Search Area Adjustment Using Spatio-Temporal Correlation [Oh, H.S. ;

Lee,C.H. ; Lee, HKK and Jeon,J.H., 1999]
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2.5.2.4. Adaptive Search Length (ASL) [Pickering, M. R. ; Arnold, J. F. and Frater, M.

R.,1997 ]
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4.5.4.2. One Bit Transform [Natarajan, B. Bhaskaran, and V. Konstantinides, K ,1997]
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2.5.4.4. Successive Elimination Algorithm (SEA) [Li,W. and Salari, F. ,1995)

Y
Hanugndeuioummuums AU N uARBINIIILIUMIRIUINToeNI1 9an
ax A ) £ A o o g Ay ia T o q Yy 1
p3fiutiazasveaumsTuNuieanaas uauuaoni Ll Tomanaziludigasen w1l#

o 1 [ <] 0911
g]}'ﬁ]\iﬂ1u3mﬂ'] MAD 9939 1U3UVADNNINNA
= = o 0
(nlnsllﬂﬂﬂﬁuﬂ]ﬁﬂﬁlmuﬂ1§ﬂﬂﬁﬂ§]1u3u

mn‘ngyﬁmmaﬁuﬂwiﬁwiﬁ"lﬁaﬁnﬂwiﬁ(z.15)
NG OFTF0—xj=yt=DISIFG, 1) - Fi-X]-yt-D] @19

d' 1 d' o ) dyd
Tagian f(i,j,t) a ammmmnmmm pixel NAWNUA (1)) lunart gumsiinu

=)

E4
MINBNINY 2 oauMItno

N A DI S SR T 212|f(ut)—f(u X j-yt-1 (216

i=1j=1 i=1 j=1 =

220t~ yt—l)lrzz |f (i, jt)|<zz 0. 0-fGoxj-yt-1 @17

i=1 j=1 i=1 j=1 i=1j=1

N N ' ' '
wiitun Y. > [ (i, j,t) - -x,j -y,t -1)| e MAD #l nmmesmsAdeuf
i=1 j=1
N

N
Ay (xy) waz smuald DD [f(i,j,t)] Ao Sum Norm (R) nIeWas VDA
i1

4 ' 1 <
ANYIAVOIAIANVAINYINN (31U 1 Vden



52

N N '
ZZ | f(i —x,j—-y,t —1)| Ao Sum Norm w83 Candidate Block Nfu114 (x,y) 9

i=1 J=_‘]_

Goneiin M(x,y) 1901 R tag M(x,y) unuad i/ lueaumsn2.16 uag 2.17 azldn
R - M(x,y) < MAD(x,y) (2.18)

M(x,y) - R < MAD(X,y) (2.19)

3 9
1 o

10391niin11uAeIn13A1 MAD Aia1d 1N ga a9y MAD(x,y) Aelin1desni
4 o 4 { & ° < A
MAD(m,n) ) MAD(m,n) Ao MAD mamﬂmaimimﬁauﬁfﬁqgﬂmwu@Glﬁ’gﬂui;mméfumm
9y o I ¥
M3 Aur 1 ldeaums

R - MAD(m, n) < M(x, ¥) = R + MAD(m, n) (2.20)

v A []

HU @Lﬁﬂﬂ?l&’)ﬂl Sum Norm ﬂlﬂﬁﬂa@ﬂﬂﬁ’ﬂﬂﬂﬁﬂi ez Ivuaa1 MAD LﬁiJGI'H

A

) , -
1IN NNREITMIINABUTIM.gA(M, N) FINUALAD 3XENITDSIHUAVD LA YD M(x,y) 1150

< A A A % A A g YAy I A A
Sum Norm U84 Uaonniaonil ny mnﬂmasmimaaumﬂu (X, y) u],ﬂ AP UadNNLaon

4
%

wwdenlail sum Norm lieglureuwaveseaunis (2.20) Alkdaudeniiueenlil]diae

Tae'liidoas 11 MAD #adaaldnsfiuinmun

Y
~

Aa a o AR dg} (] <3 o 1
Ysz@N5nmvoI0anes NNt zIuegnun1UE 2 lumsd A1 Sum Norm uaz
J 4 $ 4 1 Vo ) Y] <3 {
nsaen namesnsnasuNaLaa(m, n) el laa1 MAD(m, n) in1d1 q hldda udend
wonwieen 11 1ds 1w

2.5.4.4.1 35aam3a11438 Sum Norm 493 Vasnitasnin

2nd Block
1st Block (W-N)th Block
1st Row Strip
2nd Row Stfip b
I
(H-N)th Row Strip
Z
A4
< W >
N

gﬂﬁ 2.23 N34 Column LWﬂaﬂmimu’Jm Sum Norm



53

° [ Y a o 9 @ Y '
nsaansfmiuIn Sum Norm 11118 TaedTnisideyanduu14Ina (Data Reuse)

o J I { o y
TagA1uaa1 Sum Norm va93amilu Column angali 2.23 Al
9

al o 1 v 3 . egj
1.1 auudai gad Nerualu wihanmsdun gndadlu uauuoa (Row Strip) Nanua H

a

] I Y
au N uouund 93 2.23 dalu 1 uauun 92l N 12 (Row) 31niuazAuama
Y

1 [ 4 z = 1 Y] d A =\

Sum Norm Usnay ABauY (Column) mwm“lu LUDULUDI HILADE ADANU HISTY
Vo ~ o A 1 v 7 d

ﬂ’JUJEIQ!‘VHﬂ‘U N 380 Sum Norm U84 ABANU 114 UDULDI N 1 UAADANU L‘lJl.l C11 ,

[

¢ S
C.»Ciyonnnoy Cyyy M@ZI580 Sum Norm a4 tovned Tu asaui 1 213w c,,, C,,,

k4 [
Cyy vonor Cpy W lidiuamni . C,y . C,y ..., Cy A0 I8 11UNS

Y Y
Auraianua WIN-1) a5e d1msu C,, amsadiuamldsin C, = C,,— f(1,1) +
f(N+1,1) wae C,, = C,,—f(1,2) + f(N+1,2) A13AIUIY Column Y99 Row Strip A9 9

2y g o _— . 2
VIHADINITNITAIUIN 2W AT A0 1 Row Strip ANHUIIUIUNTATUIUNINUAL
& =
WU WN-1) +2W(H-N- 1) 53
' < A A Y v ' o Ay ¥
1.2 9241 Sum Norm vedusiazuaannaenu 1 lasldnasinvesnineduiianig o 7 1a

o Y 9 ' ay < A A I 5
mmm"lmm U FUUAADINITHT Sum Norm Ud ‘]Jﬁf]ﬂ‘ﬂlﬁf]ﬂlluﬂuﬂ'ﬁﬂﬂl!ﬁﬂ

(uude) Faunuaie SN, Iag

SNﬂ = C11 + C12 + C13 = + C1N (221)

SN, = SNy -Gy + Gy (2.22)

A o S A a o Py ) o &
19U Sum Norm ﬂlﬂﬂﬂﬁ@ﬂﬂ!ﬁ@ﬂu’]ﬂ\iﬂﬂﬂﬁlu 1T UDULLDA ﬂﬂﬂi%ﬂiiﬂWHUmm

[ qﬂ// o <] ! QSJJ
nuA (N = 1) +2(W=N= 1) a9 ¥n13A 118 Sum Normued-uaenidenun navualy H

k4 E4
%

ay N U’ ﬁa(H “N)[(N=1) +2W=N="D]57UMNTATUIUNG 2 TuaouIz Idng

AMUIUNINUAND AWH = (H = NY(N'=13) <3W(N +1) AT



54

650 =

NSP

0 5 10 15 20
Initial MAD

31 2.24 iUt 21aea Initial MAD nusuaumsfuiuideldy

A

[ (Y] @ 4 A
151919 1¥ 1 dnNITUBIA N AN WUT N 11341 (Temporal)w% n19U5a4  (Spatial

] A A , \ A ' s A A
Correlation ) ¥93UBYAGUINAITIAADUN (Motion Field) Tumsidonainmesnisnaoun
A g 1 P} 7 A A < a o ' ] A v
Fudu(m,n) U3 1% nawesnsmasun yesuaenaeInu lumsuneun wiee1v 1y
o 4 1 < 1 2 H 1
NAMDSMIAADUNVBIVADNIIUALY A1 MAD(m,n) Henatlasuuilaslfanasldssning
] A A, A A 7 A A A & Ay
13 ALY ABWBAIUIA MAD(p,q) (WD (p,q) AD LINKMBINITAADUN BU ¢ ) BIUATUDEY
1 S o 1 3 4 o %]
131 MAD(m,n) 14 151011191 MAD(p,q) # lumu MAD(m,n) el aunsodagans
v Y, 4
Aunaaldunau
MwnlnsinaouNFuFe 1A Initial MAD(m,n) N laersdiannmnuliae T
Y

Y v a o 9 [] @ @ 4 L o 9
Idoanesiuiniauld1ud anuduiusue Iniial MAD(m,n) tagdmauganmsaun

wetaa 13131 2,24

wadnmsnaaevluunaw [Li, W. and Salari,F.,1995)

o

FY 4 A AA g "o a =} Y 1) 09/’
ﬂzllﬂ INNDTMIAFOUNMT UARIFATINTI NEVMNVLVUMTAURINIHUA (FS)

q

A

1o 3 = yJ ' <] 9 9
LATIUIUMITAIUINIZAAAININ ABLADYTE N1 TR 15-20 'E)El'lﬂnliﬂﬁ']lli]gﬁi’]ﬂisb'

4 o 4
To-1es18a(Overhead) Tumsfuiaunay



55

2.6 M3IATNTTOUSVRISLIVYVID (Performance Measurement)
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1. Carphone ( ¥ouD : carphn gﬂﬁ 4.6 (n))
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2. Claire ( Y080 : claire gﬂﬁ 4.6 (v))
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3. Foreman ( %089 : forema g‘ﬂﬁ 4.6 (R))
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4. Grandmother ( ¥ouo : grandm g‘ﬂ‘ﬁ 46QN))
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5. Miss America ( ¥080 : missam gﬂﬁ 4.6))
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6. Mother daughter ( ¥0¢0 : mthrdo 3 n4.6@))
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7. Salesman ( ¥089 : salesm gﬂﬁ 4.6 (%))
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9. Trevor ( %080 : trevor gﬂ‘ﬁ 4.6(9))
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M3V 4.4 NAURAGLAZANTIATULINTFIHVDIUAALFAN N NTATIHIUA T2

AN HEVBIBDMO0 fi”n,ﬁ'mmummgmmmBDMoo
Carphone 3.7726 4.6874
Claire 0.7716 1.4617
Forema 3.1670 3.785
Grandm 0.8443 0.8375
Missam 2.5018 1.7675
Mthrdo 1.1036 1.2431
Salesm 1.7675 2.5018
Suzie 1.5764 1.6308
Trevor 1.5862 2.3219
Tablet 3.6032 5.6586
Aumaeiane 2.06942
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4.2.3.1 HaMINAaLINEIA1 T1

fidonielFlumsnaaeuifional T1 Az auiidsi 0965 1489 2013 3.014
4.015
197 4.5 nansdosazvesinanuenudzazilszandiousuimiuuioniaua 15,444
udon SauuSonmaii nnsdadudas T1 fif1 0.965 1489 2.013 3.014 4.015
a Ulﬂ) 9 Y

< { o
Type 1 $ovazuesvdonndadu ldandesdie T

QU

9

9 <} Ao A ya
Type 2 ﬁﬂﬂﬁgﬂlﬂﬂﬂaﬂﬂﬂﬁﬂﬁuqﬂwgﬂﬂﬂﬂ T1
¥ 2 A 2 9 Y v '
Type 3 39802UDIVADNNADVLINLADT(0,0) Lmﬁl"ﬁﬂﬂﬂ'ﬁﬂuﬁ1ﬂ1ﬂﬂ’ﬂ 138

) < Aq ¥ ) '
Type 4 398@8‘1]@\‘1‘].]?36ﬂﬂi"lﬂﬁ!ﬂﬂﬁﬂuW”IMWﬂﬂ’J"l 1 i]‘ﬂ

M99 4.5 Susdeni ldnnnsaadudie T1 9101 0.965 1.489 2.013 3.014 4.015

T1=0.965 | Typel | Type2 | Type3 | Type4 T1=1.489 | Typel | Type2 | Type 3 | Type 4
Carphone | 10.185 | 17314 | 30.873 | 72.501 Carphone | 16388 | 24.314 | 24.670 | 59.298
Claire 67243 | 19.665 | 10.800 | 13.093 Claire 70.804 | 19762 | 7239 | 9.434
Forema 4040 | 43253 | 30.7498 | 91.6343 Forema | 11.584 | 7.427 | 23206 | 80.989
Grandm | 64433 | 21309 | 13.598 | 14.258 Grandm | 71290 | 21374 | 6.741 | 7.336
Missam 36.046 40.262 20.513 23.692 Missam 46.847 42.295 9.713 10.859
Mthrdo 31.501 18.875 339228 49.624 Mthrdo 41.304 19.218 | 23.420 39.478
Salesm 69.742 | 1476 | 24391 | 28.781 Salesm | 81.611 | 1.638 | 12.523 | 16.751
Suzie 35503 1| 3.5220 (| 40.436° [ 60.975 Suzie 46.886 | 5368 | 29.053 | 47.747
Trevor 44017 | 6889 | 30.064 | 49.094 Trevor | 50790 | 7349 | 23291 | 41.861
Tablet 1.159 0.052 | 79.028 | 98789 Tablet 16369 | 0589 | 63.818 | 83.042
ﬂluﬂa‘ﬂ 36.387 | 13.369 | 31.368 | 50.244 ﬂ'wméa 45.387 | 14.933 | 22.367 | 39.680




130

M99 4.5 ()T 1uIUVARNN 1AINMIFAAAUALS T1 1911H 0.965 1.489 2.013 3.014 4.015

T1=2.013 | Typel | Type2 | Type3 | Type4 T1=3.014 | Type 1 | Type2 | Type 3 | Type 4
Carphone | 20215 | 28.620 | 20.843 | 51.166 Carphone | 25259 | 34920 | 15800 | 39.821
Claire 72.805 19.950 5.238 7.246 Claire 74974 | 20215 | 3.069 4811
Forema 16.550 | 11364 | 18240 | 72.086 Forema | 21.976 | 19.710 | 12.814 | 58314
Grandm | 73.796 | 21.400 | 4235 | 4.8045 Grandm | 75.686 | 21465 | 2344 | 2.849
Missam 50.304 42.521 6.255 7.174 Missam 53.406 42.819 3.153 3.775
Mthrdo 47.384 19.619 17.340 32.997 Mthrdo 55.051 20.901 9.674 24.048
Salesm 85.431 1.800 8.702 12.769 Salesm 88.947 2.079 5.187 8.974
Suzie 55.264 7.012 20.675 33 Suzie 65.812 10.632 10.127 | 23.556
Trevor 55.653 7.945 18.428 36.403 Trevor 62.173 9.039 11.908 | 28.788
Tablet 31.384 1.373 48.802 67.243 Tablet 53.166 2.7648 27.020 | 44.069
ﬂ'uﬂéﬁl 50.879 | 16.160 | 16.876 | 32.961 ﬂ'nﬂ?}'ﬂ 57.654 | 18.454 | 10.110 | 23.901
T1=4.015 | Typel | Type2 | Type3 | Type4
Carphone 29.060 39.906 11.998 31.035
Claire 76.230 20.662 1.813 3.108
Forema 25.427 26.476 9.363 48.096
Grandm 76.729 21.542 1.302 1.729
Missam 54.817 42.994 1.742 2.189
Mthrdo 59.046 22.6107 5.6786 18.3437
Salesm 91.052 2.338 3.082 6.611
Suzie 70.811 14.180 5.128 15.009
Trevor 66.116 10.580 7.964 23.3035
Tablet 64.388 3.814 15.799 31.799
Aunde | 61368 | 20510 | 6387 | 18.122




131

4.2.3.2 HANINAADIN AT T2

E4
v A

aiideniiie 19 lumsnageuitonia T2 Mnnzauildadl 0.910 1.490 2.069 3.117
4.165
137 4.6 nansdosazvesimnuSenudzazilszandousuimiuudonianua 15,444
uden SnuuSenmai Idnnsdadudan T2 Aif10.910 1.490 2.069 3.117 4.165
a 119/ 9 Y

< { o
Type 1 fovazvesvdonndadu ldandesdie T2

Q

9 I Aw A ya 9
Type 2 3@8ﬁ$ﬂl@ﬂﬂﬁ@ﬂ1’l@]ﬂﬁuq@1w¢]ﬂ'}ﬂ T2

Y I A s 19 9 v '
Type 3 3@8@1%511’0\‘1‘1Jﬁ6ﬂ‘l’]@]@ﬂl’lﬂ!@lﬂ’i(x,y) Lmi%’ﬂﬂﬂﬁﬂuﬁﬂﬂﬂﬂﬁT 2 %qﬂ

) I Aq ¥ ) '
Type 4 iﬂﬂﬁzﬂli’)ﬂﬂﬁﬂﬂ%i‘ﬁﬁ;ﬂﬂWiﬂuWTNWﬂﬂfl"l 2 i]‘ﬂ

M99 4.6 UGN IdInNITAAFUR I8 T2 11171 0.910 1.490 2.069 3.117 4.165

T2=0.910 | Typel | Type2 | Type3 | Type4 T2=1.490 | Type 1 | Type2 | Type 3 | Type 4
Carphone 14.815 7.835 37.918 77.350 Carphone | 22.300 14.141 30.433 63.559
Claire 63.889 16.213 11.370 19.898 Claire 67.832 18.467 7.427 13.701
Forema 13.177 | 3322 | 52.661 | 83.502 Forema | 25.091 | 5.892 | 40.747 | 69.017
Grandm | 63.941 | 10554 | 15.857 | 25.505 Grandm | 73.381 | 15.754 | 6.417 | 10.865
Missam 29312 | 21.549 | 24.119 | 49.139 Missam | 44.231 | 38.623 | 9.201 | 17.146
Mthrdo 29.908 13.585 38.902 56.507 Mthrdo 42.010 15.197 26.800 42.793
Salesm 66.583 | 0505 | 27.713 | 32.913 Salesm | 81.980 | 0932 | 12.316 | 17.088
Suzie 34.771 2.655 45.073 62.575 Suzie 48.595 5.439 31.248 | 45.966
Trevor 42910~ 4.934" | 31922 | 52.156 Trevor ~ | 50.861 | 6494 | 23971 | 42.644
Tablet 10.269 0.007 74.579 89.724 Tablet 24.670 0.512 60.179 74.819
ﬂ'uﬂéﬂ 36.958 8.116 “| 36.011 | 54.927 ﬂ'nﬂéﬁl 48.065 | 12.145 | 24.874 | 39.760
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M99 4.6 (19) S1UVARNN 1AINMIFATUALY T2 111111 0.910 1.490 2.069 3.117 4.165

T2=2.069 | Typel | Type2 | Type3 | Type4 T2=3.117 | Type 1 | Type2 | Type3 | Type4
Carphone | 27.046 | 18292 | 25.686 | 54.662 Carphone | 32.278 | 22268 | 20.455 | 45.455
Claire 69.988 | 19.477 5271 10.535 Claire 71.795 | 20.785 | 3.464 | 7.420
Forema 34.305 9.233 31.533 | 56.462 Forema | 43.836 | 14439 | 22.002 | 41.725
Grandm 76.055 16.440 3.743 7.505 Grandm | 77.655 | 17.113 | 2.143 5.232
Missam 47.947 | 40.728 5.484 11.325 Missam | 50.537 | 42.101 | 2.894 | 7.362
Mthrdo 49.709 | 16.013 19.101 | 34.279 Mthrdo | 58.068 | 17.411 | 10.742 | 24.521
Salesm 86.280 1.133 8.016 12.587 Salesm | 89.213 | 2.104 4.921 8.683
Suzie 58.845 7.485 20998 | 33.670 Suzie 69.438 | 10.872 | 10.405 | 19.691
Trevor 56.643 7.686 18.188 | 35.671 Trevor | 62.976 | 9.208 11.856 | 27.817
Tablet 39.931 1.185 44917 | 58.884 Tablet 58.644 | 2.163 | 26204 | 39.193
ﬂ'uﬂét’l 54.675 | 13.767 | 18.297 | 31.558 fhmﬁlﬁl 61.444 | 15.846 | 11.509 | 22.710
T2=4.165 | Typel | Type2 | Type3 | Type4
Carphone | 36.733 | 25.635 16.000 | 37.633
Claire 73.090 | 21.393 2.169 5.517
Forema 50.570 | 18.765 15268 | 30.666
Grandm 78.607 | 17.664 1.191 3.730
Missam 51.917 | 42.981 15152 | 5.1023
Mthrdo 62.885 | 19.198 5.925 17.916
Salesm 91.511 1.865 2.784 6.624
Suzie 75.000 | 13.824 4.843 11.176
Trevor 67.262. | 10.677 7.569 22.060
Tablet 68.311 2.940 16.537 | 28.749
Aunde | 65580 | 17494 | 7380 | 16.917
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A15799 4.9 PSNR MSE tazswaugamanumi 1g dmnruiminaeiuvesaiganlasu R

PSNR Carphn Missam Mthrdo Salesm TableT Average

w=1 76.68818 | 98.5118 83.88014 | 91.40108 | 65.87105 | 83.27045

w=10 76.68729 | 98.5118 83.88014 | 91.40108 | 65.87116 | 83.2703

w=50 76.69099 | 98.5118 | 83.88014 | 91.40108 | 65.87155 | 83.27111

w=100 76.69542 | 98.5118 | 83.87455 | 91.40108 | 65.87167 | 83.27091

w=500 76.78486 | 98.51272 | 83.92874 | 91.42041 | 65.88337 | 83.30602

fix 76.88475 | 98.57081 | 84.33811 | 91.54806 | 66.03947 | 83.47624
MSE Carphn Missam Mthrdo Salesm TableT Average
w=1 33.5214 | 3.709438 20.064 8.771697 | 97.87855 .| 32.78902

w=10 33.52361 | 3.709438 20.064 8771697 | 97.87771 | 32.78929

w=50 33.50272 | 3.709438 20.064 8.771697 | 97.87267 | 32.78411

w=100 33.48823 | 3.709438 | 20.1051 8.771697 | 97.86964 | 32.78882

w=500 33.10709 | 3.709141 | 19.98083 | 8.740597 | 97.79726 | 32.66698

fix 32.74235 | 3.675151 | 18.89264 | 8.510933 | 96.06634 | 31.97748
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M13197 4.9 (@0) PSNR MSE tazd1uiugamsaumi 1y dainraiminaesiuvesnige

1nasu R

Searchpoint Carphn Missam Mthrdo Salesm TableT Average

w=1 2555333 | 729.1026 | 1817.846 | 975.4872 | 3504.949 | 1916.544

w=10 2555.769 | 729.1026 | 1817.949 | 975.4872 | 3505.026 | 1916.667

w=50 2556.308 | 729.3077 | 1818.128 | 975.5897 | 3505.051 | 1916.877

w=100 2557 729.4103 | 1818.231 | 975.5897 | 3505.41 1917.128

w=500 2560.513 | 729.8718 | 1821.718 | 976.5128 3506.59 1919.041

fix 2594.795 | 735.3333 | 1860.923 990.641 3530.154 | 1942.369
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PSNR Carphn Missam Mthrdo Salesm TableT Average

setl 76.88475 | 98.57081 | 84.33811 | 91.54806 | 66.03947 | 83.47624

set2 76.79788 |198:54571 |~ 84.27857 | 91.52768 | 66.04928 | 83.43983

set3 76.81534 | 98.54815 | 84.32704 | 91.52978 | 66.04529 | 83.45312

set4 76.75717 | 98.54485 | 84.27558 | 91.52655 | 66.04902 | 83.43064
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= 1 1 o 9 a A Bld' 4 A A
f199N 4.9 (919) A1 PSNR MSE !Lﬁzmu’)uﬂqﬂﬂﬁﬂu‘l’ﬂmﬁﬂﬂ%ﬂ nAeaasu T1 wag T2 0

Q

[

1 AA w o 1 1 = g OJ
ANVUITIAYANNU 4 9 LL‘U‘UhliJiJﬂTi‘]JﬁJﬁ’J

MSE Carphn Missam Mthrdo Salesm TableT Average

setl 32.74235 | 3.675151 | 18.89264 | 8.510933 | 96.06634 | 31.97748

set2 32.95193 | 3.687749 | 19.00367 | 8.528972 | 95.88019 | 32.0105

set3 32.90471 | 3.686477 | 18.90743 | 8.525421 | 95.94656 | 31.99412

set4 33.07891 | 3.688215 | 19.01472 | 8.530836 | 95.88992 | 32.04052

Searchpoint Carphn Missam Mthrdo Salesm TableT Average
setl 2594.795 | 735.3333 | 1860.923 | 990.641 3530.154 | 1942.369
set2 2170.256 | 584.7949 | 1467.872 | 820.0256 | 2444.487 | 1497.487
set3 2079.026 | 592.0256 | 1405.026 | 824.4615 | 2433.077 | 1466.723
set4 2027.692 | 574.5385 | 1360.231 | 803.3846 | 2328.974 | 1418.964

A 1 o 9 A Sld' 1 A A1 AA o
$19519N 4.11 71 PSNR MSE LLﬁ%ﬂTu%u‘gﬂﬂﬁﬂuﬁWﬂﬁl‘D’ naaasy T1 uaz T2 Al
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AR 4 f uUuLMITUA

PSNR Carphn Missam Mthrdo Salesm TableT Average

setl 76.73556 | 98.58687 | 84.38173 | 91.54336 | 66.04121 | 83.45775

set2 76.72196 | 98.58421 | 84.37442 | 91.54293 | 66.03876 | 83.45245

set3 76.73803 | 98.58559 | 84.38173 | 91.54294 | 66.04005 | 83.45767

set4 76.71823 | 98.58015 84.3731 91.54293 | 66.03835 | 83.45055
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MSE Carphn Missam Mthrdo Salesm TableT Average
setl 33.15411 3.667685 18.83297 8.515231 95.92211 32.01842
set2 33.20666 3.6688 18.83998 8.515428 95.94065 32.0343
set3 33.13521 3.668264 18.83297 8.515392 95.93064 32.01649
set4 33.21472 3.670523 18.84139 8.515428 95.94498 32.03741

Searchpoint Carphn Missam Mthrdo Salesm TableT Average
setl 1962.205 | 1203.179 | 2007.641 1238 2073.026 | 1696.81
set2 1936.795 | 1114.359 | 1933.128 | 1178.897 | 2027.282 | 1638.092
set3 1949.179 | 1186.564 | 1988.282 | 1227.615 | 2065.872 | 1683.503
set4 1923.308 | 1097.692 | 1907.385 | 1167.513 | 2019.282 | 1623.036
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M135199 4.12 nlFeuifisua1 PSNR MSE 1agi1uiugamsAununasuesmsaumsian1ae

PSNR Carphn Missam Mthrdo Salesm Tablet Average
Full Search 79.22395 98.922 85.91806 92.02974 70.74917 85.36859
TSSA 77.60343 98.66928 84.97191 91.53553 69.05259 84.36655
LOGA 77.82069 98.75896 85.2966 91.69572 69.35907 84.58621
CBOSA 77.2018 98.66086 84.47468 91.47883 68.7352 84.11027

Diamond 77.99783 98.80648 84.65216 91.81591 66.41218 83.93691

HAS-ASC 76.55789 98.52415 83.92452 91.42127 65.87719 83.261

MSE Carphn Missam Mthrdo Salesm Tablet Average

-

Full Search 25.14903 B 3.561264 14.77982 7.814254 61.12544 22.48596

TSSA 30.21755 3.669754 16.59081 8.291903 72.33352 26.22071
LOGA 29.47621 3.6225 16.26983 8.1693 69.97851 25.50327
CBOSA 31.66441 3.67119 18.16572 8.433985 74.09269 27.2056

Diamond 28.96351 3.597508 19.56851 8.112482 92.10245 30.46889

HAS-ASC 33.86675 3.703533 19.99874 8.740372 97.72317 32.80651

Search Point Carphn Missam Mthrdo Salesm Tablet Average
Full Search 89100 89100 89100 89100 89100 89100
TSSA 9900 9900 9900 9900 9900 9900

LOGA 5658.795 5506.513 5447.487 5178.513 5374.769 5433.215

CBOSA 3891.487 3770.462 3737.821 3585.256 3694.59 3735.923

Diamond 5447.872 5342.538 5355.769 5170.231 5257.154 5314.713

HAS-ASC 1893.154 989.1538 1780.436 1087.282 1969.795 1543.964
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MSE of Miss America
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MSE of Mother & Daughter
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Abstract

This paper proposes a Block Matching Algorithm
(BMA) using hybrid technigue and concept of adaplive
search-center to set the night search to the right case,
which is predicied to be . The preposed algorichm focuses
on reducing computational complexity and maintaining
eslimation accuracy. Experimental results show that this
algorithm removes amount of unnecessary computations
while keeping peak signal-to noise ratio (PSNR).

Keywords : Video coding, Motion EBstimation, Block
Malching Algorithm, Hybrid, Adaptive

1. Introduction
_ Motion estimation js playing a significant role in
digital video coding process. In particular, the block-based
motion estimation fias been widely used in varicus video-
coding standards [1]. In the block-based motion
estimation, cach frame 1s partitioned into equal-sized
NxN pixel non-overlapped block and then Block
Matching Algorithm (BMA) is adopted by the current
" frame W lind T the Motion Veclor (MV) thal gives
minimum Block Dhistortion Measurement (BDM), Mean
Absolute Error (MAE), from the reference frame. Of all
the BMAs, Full Search Algorithm (FSA) produces the
best match. Although it exhaustively matches all the
possikle - candidates in the search window, where the
motion  vector with least MAE (Block Distortion
Measurement} would be returned as the best match. For
the Full  Search  Algorithm' performs massive
computations, it makes a difficulty to the real-time
implementation. For this reason, various search algorithms
have heen proposed, inc]udmgThree Step Search (TSS)
. [23, Logarithmic Search Algorithm (LGSA)(3], Center-
" Biased Orthogonal Search (CBOS)[4], Diamond Search
[5]. and Four Step Search (4SS)[6]. Most of these
algorithms  attempt o reduce computation cost by
reducing the number of search points or varying the
pattern. Each algorithm has different advantages @ some
algorithms are good for large motion but some algorithm
are suitable for small motion. Hybrid concept, “Using the

right algorithm to the right condition”, is the good.

concept. The hybrid technique helps BMA use proper
algorithm o the size of motion video sequence could be
while the adaptive-center techrique helps BMA approach
to the minimum faster than normal algorithm does and
decrease the probability that algorithm will be trapped in
tocal minimum. This paper presents the hybrid adaptive
search algorithm  using  adaptive  search-center . that
combines the ideas of hybrid technique and search center
adaptation together in order to reduce the number of
search points and hold good estimation results. In this

paper, the basic assumptions, the proposed algorithm and
experimental results are presented in section 2, 3. and 4
respectively.

2. Basic Assumptions
There are several assumptions of this algorithm.

2.1 The utilization of Block Distortion Measurement at
search center to decide motion and non-motion

From the TUESA (Unimodal Error Surface
Assumption), the BDMUOO of non-motion case is almost.
always smaller than the BDMOU of small motion case if
the Point (0,0) is mainly returned tc be the minimum
point. Consequently, the threshold value TI, average of
BDMOO of small motion block, is able te make decision
between motion and non-motion. In the similar way, when
the search center has changed to be other point. That is not
(6,0), The threshold value T2, average of BDMncen
(Block Distortion Measurement at new center) of smail
motion block, is able t0 make the decision.

Tig. 1 (a) large difference value, (b) smail ditference value

2.2 Many of local minippums

The large difference value between two search
points, which are expected to be minimum point, helps to
expect that the global minimum should be or be around
the point that gives lower BDM with the assumptior of
UESA. See in fig. 1{a).
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In the other hand, the small difference value
between two scarch points, which are expected to be
minimum point, can be considered that many minimum
points, af least 2 points first determined, are here in this
case. Sce in fig. [(h).

3 Center-biased characteristic
Motion Vector statistical distribution is biased to
the center of movement. The distribution is biased around
origin (0,0) and another  point in the small motion
sequence and large motion sequence respectively.

2.4 Motion Vector of the current block is very close to
the MYV of adjacent block

3. Preposed Algorithm

3.1 Search Process
 This algorithm employs two search algorithms,
Center-Biased Orthogonal Search (CBOS) and Diamond
Search. with adaptive search center decision. With the
assumptions an section 2, the algorithm is described
“below.
C Swep | Block Distortion Measurement with (0,0) is
determined and then compared with threshold value TI.
(0.0 will- be returned to be Motion Vector if BDMOO is
smaller than TE I not go to step 2
¢ Step 21 Block Distortion Measurement with New Center
T A{X.Y) s determined and then compared with threshold

value T2, (X,Y) will be returned to be Motion Vector if

BDMncen is smaller than T2.If not go to step 3

~ Step 3 : BDMOO and BDMncen are considered. The
© search point that gives lower Distortion Value is set to be
search center for this block. Then go to Step 4.

Step 4 : The absohute value of Difference between
BDMOO and BDMncen is calculated. If it’s smaller than
fixed threshotd value , R, the search aigorithm for large
motion (Diamond Search) will activate. Ctherwise, the
search algorithm for small motion (CBOS) will activate,
These two cases are working with search center decided in
step 3.

Step 5 T T2-and New center are adapted 1o work in
next block.

3.2 The T1, T2 and new center adaptations

T1 is the average value of BDMOO of the biock
that is classified to be small motion blogk with search
center (0.0). Imitially T1 is set at 3.61{7].

T2 15 the average value of BDMncen of the block
that is classified 1o be small motion block with new center
Claitially T2 is set at 3.61[7).

New center 1$ the motion vector of the adjacent
block { previous block ). Initially, new center 1s set to be
{0,0)

4, Experimentai Results

Three QCIF ( Quarter Common Immediate
Formar : 176 x 144 ) sequences, Claire, Foreman, and
Salesman, are simulated to evaluate in 8x8 block, & bits
luminance components, for first 40 frames of each

sequences. Fig. 2 (a), (b), and (c¢) are the PSNR

evaluations of four BMAs, Table 1 are the average PSNR

of each algorithms. Claire is the candidate of small-
movement while Salesman and Foreman are of complex
and slow movement and large panning movement
respectively.  For Claire  sequences, the PSNR are
approximately the same, For Salesman sequences, the
PSNR of CBOSA is the lowest value while the PSNR of
HAASC keep close to Diamond and FESS. For Foreman
sequences, the PSNR of CBOSA s worse than  for
salesman because of larger movement while the PSNR of
HAASC are much better than of CBOSA. Although the
PSNR' of HAASC are much close to those of FSS and

‘Diamond, they can hold the difference of PSNR to these

two aigorithms. Table 2 shows the average Search Points
used in each algorithms. For Claire sequences, HAASC
consumes computational complexity approximately 0.6%
of that of FS, 10% of that of CBOS and Diamond. For
Salseman sequences, HAASC consumes computational
complexity approximately 0.6% of that of FS, 10% of that
of CBOS and Diamond. For Foreman sequences, HAASC
consumes computational compiexity approximately 3% of
that of FS, 40% of that of CBOS and Diamond.

Table 1 Average PSNR

avgPSNR Claire Salestman | Foreman

FSS 99.76854 92.02559 | 75.16301
CBOSA 99.61429 - 90.64717 | 63.20013
DIA 99.69748 91.8136 74.2941 .l
HAASC . 99.47462 9147571 | 7299175

Table 2 Average Search Points

avgSearchPoint Claire Salesman | Forennan

FSS 89100 84100 89100
CBOSA 5148 5148 5148
BIA 4778.692 | 4775.128 | 3340.692
HAASC STILS897 | 6133840 | 2010.795

5.Conclusions

The HAASC algorithm uses the hybrid and
change = search center technique to reduce the
computational compiexity while maintain the accuracy.
This hybrid technique combines CBQOS (Center-biased
Orthogonal Search) and Diamond search and uses the
motion vector of previous block as new center of current
block. Experimental results show that HAASC algorithm
has small nuraber of search points compared to others.
This algorithm can code much faster than FSS and typical
BMA. The applications for which this algorithm is
suitable 1s the applications that requires the speed of
coding and can accept a small accuracy droppings such as
low hit rate video coding and MPEG4, which can use this
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algorithm with object-oriented technique for very low bit
rate video coding. ’
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Abstract

This paper proposes a Block Matching
Algorithm (BMA) using hybrid technique and concept
of adaptive search-center to set the right search to the
right case, which is predicted to be . The proposed
algorithm focuses on reducing computational complexity
and maintaining estimation accuracy. Experimental
results show that this algorithm removes amount of
unnecessary computations while keeping peak signal-to
noiseratio (PSNR).

Keywords : Video coding, Motion Estimation, Block
Matching Algorithm, Hybrid, Adaptive

1. Introduction

Motion estimation is playing a significant role
in digital video coding process. In particular, the block-
based motion estimation has been widely used in various
video-coding standards [1]. In the block-based motion
estimation, each frame is partitioned into equal-sized
NxN pixel non-overlapped block and then Block
Matching Algorithm (BMA) is adopted by the current
frame to find the Motion Vector (MV) that gives
minimum Block Distortion Measurement (BDM), Mean
Absolute Error (MAE), from the reference frame. Of all
the BMAS, Full Search Algorithm (FSA) produces the
best match. Although it exhaustively matches all the
possible candidates in the search window, where the
motion vector with leass MAE (Block Distortion
Measurement) would be returned as the best match. For
the Full Search Algorithm performs massive
computations, it makes a difficulty to the real-time
implementation. For this reason, various search
algorithms have been proposed, including Three Step
Search (TSY)[2], Logarithmic  Search @ Algorithm
(LGSA)[3], Center-Biased  Orthogonal Search
(CBOY)[4], Diamond Search[5], and Four Step Search
(4S9)[6]. Most of these agorithms attempt to reduce
computation cost by reducing  the. number “of search
points or varying the pattern. Each algorithm has
different advantages: some algorithms are good for large
motion but some algorithm are suitable for small motion.
Hybrid concept, “Using the right algorithm to the right
condition”, is the good concept. The hybrid technique
helps BMA use proper algorithm to the size of motion
video sequence could be while the adaptive-center
technique helps BMA approach to the minimum faster
than normal algorithm does and decrease the probability
that algorithm will be trapped in local minimum. This
paper presents the hybrid adaptive search algorithm
using adaptive search-center that combines the ideas of

hybrid technique and search center adaptation together in
order to reduce the number of search points and hold
good estimation results. In this paper, the basic
assumptions, the proposed algorithm and experimental
results are presented in section 2, 3, and 4 respectively.

2. Basic Assumptions
There are several assumptions of this algorithm.

2.1 The utilization of Block Distortion Measurement
at search center to decide motion and non-motion

From the UESA (Unimoda Error Surface
Assumption), the BDMOO of non-motion case is almost
always smaller than the BDMOO of small motion case if
the Point (0,0) is mainly returned to be the minimum
point. Consequently, the threshold value T1, average of
BDMOO of small motion block, is able to make decision
between motion and non-motion. In the similar way,
when the search center has changed to be other point.
That is not (0,0), The threshold value T2, average of
BDMncen (Block Distortion Measurement at new
center) of small motion block, is able to make the
decision.

Fig. 1 (a) large difference value, (b) small

2.2 Many of local minimums

The large difference value between two search
points, which are expected to be minimum point, helps
to expect that the globa minimum should be or be
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around the point that gives lower BDM with the
assumption of UESA. Seeinfig. 1(a).

In the other hand, the small difference value
between two search points, which are expected to be
minimum point, can be considered that many minimum
points, at least 2 points first determined, are here in this
case. Seeinfig. 1(b).

2.3 Center-biased characteristic

Motion Vector statistical distribution is biased
to the center of movement. The distribution is biased
around origin (0,0) and another point in the small
motion sequence and large motion sequence
respectively.

2.4 Motion Vector of thecurrent block isvery closeto
the MV of adjacent block

3. Proposed Algorithm

3.1 Search Process

This agorithm employs two search agorithms,
Center-Biased Orthogona Search (CBOS) and Diamond
Search, with adaptive search center decision. With the
assumptions in section 2, the agorithm is described
below.
Step 1 : Block Distortion Measurement with (0,0) is
determined and then compared with threshold value T1.
(0,0) will be returned to be Motion Vector if BDMOO is
smaller than T1. If not go to step 2
Step 2 : Block Distortion Measurement with New
Center(X,Y) is determined and then compared with
threshold value T2. (X,Y) will be returned to be Mation
Vector if BDMncen is smaller than T2.1f not go to step 3
Step 3 : BDMOO and BDMncen are considered. The
search point that gives lower Distortion Value is set to be
search center for this block. Then go to Step 4.
Step 4 . The absolute value of Difference between
BDMOO and BDMncen is calculated. If it's smaller than
fixed threshold value , R, the search agorithm for large
motion (Diamond Search) will activate. Otherwise,-the
search algorithm for small motion (CBOS) will activate.
These two cases are working with search center decided
instep 3.
Step 5: T1, T2 and New center are adapted to work in
next block.

3.2TheT1, T2 and new center adaptations

T1 is the average value of BDMOO of the block
that is classified to be small motion block with search
center (0,0). Initially T1isset at 3.61[7].

T2 is the average value of BDMncen of the
block that is classified to be small motion block with
new center . Initially T2 is set at 3.61[7].

New center is the motion vector of the adjacent
block ( previous block ). Initially, new center is set to be
(0.0)

4. Experimental Results

Three QCIF ( Quarter Common Immediate
Format : 176 x 144 ) sequences, Claire, Foreman, and
Salesman, are simulated to evaluate in 8x8 block, 8 bits
luminance components, for first 40 frames of each
sequences. Fig. 2 (a), (b), and (c) are the PSNR
evaluations of four BMAs. Table 1 are the average
PSNR of each algorithms. Claire is the candidate of
small movement while Salesman and Foreman are of
complex and slow movement and large panning
movement respectively. For Claire sequences, the PSNR
are approximately the same. For Salesman sequences,
the PSNR of CBOSA is the lowest value while the
PSNR of HAASC keep close to Diamond and FSS. For
Foreman sequences, the PSNR of CBOSA is worse than
for salesman because of larger movement while the
PSNR of HAASC are much better than of CBOSA.
Although the PSNR of HAASC are much close to those
of FSS and Diamond, they can hold the difference of
PSNR to these two agorithms. Table 2 shows the
average Search Points used in each algorithms. For
Claire seguences, HAASC consumes computational
complexity approximately 0.6% of that of FS, 10% of
that of CBOS and Diamond. For Salseman sequences,
HAASC  consumes  computational complexity
approximately 0.6% of that of FS, 10% of that of CBOS
and Diamond. For Foreman sequences, HAASC
consumes computational complexity approximately 3%
of that of FS, 40% of that of CBOS and Diamond.

Table 1 Average PSNR

avgPSNR Claire Salesman | Foreman
FSS 99.76854 92.02559 | 75.16301
CBOSA 99.61429 90.64717 | 68.20013
DIA 99.69748 91.8136 74.29411
HAASC 99.47462 91.47571 | 72.99175
Table 2 Average Sear ch Points
avgSearchPaint Claire Salesman | Foreman
FSS 89100 89100 89100
CBOSA 5148 5148 5148
DIA 4778.692 4775.128 5340.692
HAASC 511.5897 615.3846 2010.795

5.Conclusions

The HAASC algorithm uses the hybrid and
change search center technique to reduce the
computational complexity while maintain the accuracy.
This hybrid technique combines CBOS (Center-biased
Orthogonal Search) and Diamond search and uses the
motion vector of previous block as new center of current
block. Experimental results show that HAASC agorithm
has small number of search points compared to others.
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This agorithm can code much faster than FSS and
typica BMA. The applications for which this algorithm
is suitable is the applications that requires the speed of
coding and can accept a small accuracy droppings such
as low bit rate video coding and MPEG4, which can use
this algorithm with object-oriented technique for very
low bit rate video coding.
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