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High Speed Motion Match Utilizing A Multi-Resolution
Algorithm
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Abstract

This paper proposed a multi-resolution algorithm. Its search point and complexity were
compared with those of block match algorithm. Also the speed up comparison was made with the
block match algorithm. The proposed multi-resolution NTSS-3 Level algorithm was compared
again with its targets, TSS-3 Level algorithm and NTSS algorithm. The comparison results
showed that the NTSS-3 Level algorithm was superior in search point and speed up. Accordingly,
the proposed NTSS-3 Level algorithm was two to three times better in search point and two to
four times better in complexity calculation than those of the compared object, the block match
algorithm. In speed up, the proposed NTSS-3 Level algorithm was two times better. Accordingly,
the proposed multi-resolution NTSS-3 Level algorithm showed PSNR ration portion excellency in

search point and speed up.

» Keyword : CISsAZ(Multi-Resolution), £58&dD2|E(Block Match Algorithm) EHAE
(Search Point), =&=(Complexity)

« Z5 0 2007.6.8, AAMY 1 2007.5.12, alARRIE Y 2007. 5.23.
* s AFE R R

o



132 W AR G007, 5)
=49 WEE 2 Ze 99 Search WindowellA] o]

Z (x, y) E $AYS A Tl PR 4

| M E AR PEEE S RER P E DEERREEE

2o Yel el ag1el (b 53 el ok 1

B2 wilel Atk Polstel §99E iRt el 4 T0 T TEUNS AALE Fadge HAL 2G4
ob SGdlt Bl gladlnz gk: sjae gye o AEALNLT(FBMA : Fast Block Matching
o 49 84 (Motion Compensation) & Hlele. 5|5 Alrorithm) & W4 AR ofgsiel #55) MAS 2ed. §
4 Shelg AR AN i B el RIOE A

(1, 2)2 283l 229 #lE](Motion Vector)E et}
(3). &= A3 Lx2lE®Block Matching Algorithm:
BMA)OIM 229 HEIE P3l7] sl B 49 o B
A Zolx BDM(Block Distortion Mode)e] #49l H& &
2ol WE|R ARl ANt A9 WEE Tel] el
Gge] 3 Zyds U3 EFo 2 1] dA =z o
7 ZH|del] mXNA F BE Ale]o] ARl B 3L,
TE A olF HAE #HE FFLAHSAD :Sum of
Absolute Difference) 2 FgtH4]). 18 1¢] (a)= A
ZH e Mx No| AAAA] & E508 Radd & &
gl Z7te] BEd) is) old Zadel o BEF A1
Ak B52 Zopflo] g4l WEE ke 2l e
: A= Hd W97 w 4 o,
godelr Edojd B2ge M(M+2w)(N+2w) =7

i

o =

8% g0 S99 94 914

=

T2 1. (a) &= =Zdn} Sixf=e
Fig 1. (a) Reference frame and current frame

1 cChb
H Cr
V(44
[DCT+Quantization |

Huffman coding
010010011

8 1. (b)AREAERESt
Fig 1. (b) Differential Signal Encoding

2
o] gPgw]a LXZESo] 7o folaitt. 1 Y GaelEe
2 TSS(Three Step Search) (5, 6), NTSS(New Three Step
Search)(7), FSS(Four Step Search)(8), HS(Hexagon-
based Search)(10),(9,) HMR (Hierarchical-Multi-
resolution) (11, 12) DS(Diamond Search) $& ARS3
B =iedAe vesiderEe A8 9 e 29
4 283 PSNRE Hlwaiich 27%89Me thasider]
7Y, 3lMe E58F dudlsd deshide dnels
A Biwe] AL, 4gde EEdRYneES ARt
duE]F A 2 7 5ol AE AR, 67 AES
HERATE

o ot oE (A

1. ct=sl A= (Multi-Resolution) 7 |'H

bl e duesd A9 TR SHEFE T3 9
A=(MR)7F YolRl= Mean Pyramidg A3 739
wEoA] 2He 9] WEE SR Z2 el 32
= d3slo] sk9 @AE st sk9 DAlAAN 4
WE S Fevh A 34 AT TR I
& AT Aske sk $E7t ok olsk 22 EAE
< 73 909 Complexity® & 9 4 Stk I" 2 &
A= (MR © Multi-resolution) & YeRATH13). &
e we} s d=rt 2t et e SAURE A,
F7b, 39 9AE UERLh o]E #Ee] s Es onlA
71 VETE tEEldE Ve ASdeR
o &3l HAdshe thA1Zd (down sub s
ate] A AN HAZSAUUEE S A
d&sta oln fold &9l WHE A&ste] 1 3
Fgoz ~AYY (scaling) 3. I 2014 739 &
gl 20| M= 4 x40 SFER A 1
ettt olnlR] A7|7F 1/42 S48 4x49 EE|A] o
Azl A4 ZaQle] gs SADE Tl HAaRFge
A=A FAAEHE Zett

Q

3

f=N

& o

-

0 o
O Ml dle oo dlo X

1E oX oo

N
S
s
8
o



133

Hpels )
AXASH 1/16)
4x4=16

e

ET

Al (AS
16x16 = 266

Multi-Resolution frame structure
2 2, CESsAE 2R lE
Fig 2. Multi-Resolution Algorithm

293 FRAR A1 39 dpe] Hla) ol
=7 8x8 Z 4x40] H]3] 2w ¥ AoZ SAD
Folo] AP ouAl £49 EE FerH19),
2tk WAL st SAel ek Al 024 ol 1
13 E7t A 4x4 Hos 4u] ) d 16x16 8522
Aol st S99 WEE ekl A3 2 A

i >4

ich

o

Ol

A

Btk olgA sidwel et BAEE $49 Wes 3
ahe o] 859 717} 16x16904 e AR oju|x|9]

77F 1/4% 1/28 Zol€ dolld 2] wjizel] Hais)
T B0 #7t HojF o g ARt BERErt FolEA Hrt
mEpA] Hle] M2 e AMEEeER AN Bwr)
ZFoRlths o]8d A tEEdE JIHe A4
NTSS-3 Level €¢xe|ES Aslda o] duelEs FS,
TSS, NTSS ¢xdsd tFalderly 48¢ TSS-3

Level €185 E &447 ERer|ag Attt

o

. 25 g 2| &3 oSsdx
3

2 Aore A9 24 g2E]E(FS : Full Search),

TSS ¢xg]E, NTSS¥wEEe ©adz Bx=el Axt
S el WA FS gugjse] &8dS 18 96
Ai Az B2 16x160]1 SAdd W==79 AL uf

ag .E'_i—r]_ E]—/Kﬂ oﬂoioﬂ /\1
2ol AL ehigict

GRS P g8l 4 ()%

(2W+1)2x N2
= (2x7+1)?x 162
= (15)?x (16)?

21(1)el 23 57,600702] E4xdo] A4k At

o2 TSS d=2elFe g4-E 16 x 16 Search
BlockellA T8l 4] (2)2 2t}

1EHA] 256 X 9(FAA) = 2,304 e 2
207 256 < 8(F A F ) = 2,048
3eHAl 256 < 8(FMF) = 2,048

TSS duelE 38 23 6,400709 BNHE ALt
Aot o NTSS ¢ugge] 2ddes 3P {8
16x16 Search blockellA 2(3) ¢} 2]
4,352(] %217 §-

= 2,048
= 2,048(H B¢

19HA] 256 < 17(&-4)
2¢H7] 256 % 8(EHIA)
3ThA| 256 < 8(EA1A)

ARk 3 A3k H2e] A= 1A% sl 4,352
HE Uehlix FHee] 9= F 8.448W< F9th

o
Of

Ui}
Level 2; 16 X 9 = 144 v (4)
Level 1;64 X9 = 576

Level 05256 X 9 = 2,304

TSS-3 @l duelF2 71 TSSe el =S 4
&oto] el wet A e A Aviaa 30240

< UeERISIE). o At Avks FSgaels Brke 1999
A A S e g E EhislEL o
2 2 =29 1 A }ket SRk
7] Slal 2 (5% o] vrehich,
Level2;16 X9= 144 e (5)
Level 05256 < 9 = 2,304(3 2 2] 4 $-)
Level1;64 xX9= 576
Level 05256 X 9 = 2,304(& 2Fo] 4-%-)
1HAE Fag AN AAREA] HA 2= 2,448
WS Ueplidles o] ALt Ads FS C’E‘iﬂ% B} 23wl
o we A%E ek, e} Hote AgeliE 3
} At Axle 542882 YERIIEH °] ALt AF=
d3EF 57,6008 Wrh= 10u1e] 8 AHE #

é%—% YERA AT



134 B AT e SHoGE(2007. 5.

32 25 Mg

w3 FS, TSS, NTSS, TSS-3 #¥, NTSS-3 @
Y] Fe] FA BEJEE ofgfieh Zo] Aeofsta veRdc
* [—w, w—1]FHIY
o2l 2 g 1, Y 0: 247 4844, 834, 163k
o w1608 WF E29 27])
o WxH 9% 371(352%288)
o i :ZA T SADS Ak 5
o R, ZHYU&(100x60) ]2t &
FSBMAC gk A4t BAEE Ak (6)3 o] b
Epdict,

FSBMA<

Crspaa = @WH1)? X167 < (WX H)/16* X R,
Opev’ations/ s = 3,801

TSS €xgZd gt ALt BZ=S AA] (7)3} 2o

RSt

167 % [32 4+ (32 —1) + (3% —1)] x (352 < 288) /16 > 100 X 60
=422

NTSS fuelFe] HAo4+= &A% 1770 g &
T T 2875 YENIY
NTSS gaelse] ool 345 Aty (9)= vehint

P

162 < {[32 4+ (32 —1)] + (382 — 1) + (32 — 1) }x (352 % 288) /162

>100 X 60 = 558

NTSS daelse] Hete] A= =44 33709 tgt
EAER 5585 vehdth
3.2.2 Hioket &I2|Fe| SHE Al
AlKgE NTSS-3 Level? vlwal]

Level €853 S35 Hwdt,

9% TSS-3

1) TSS-3 2 ¢1z|E SHE
A9kt NTSS-3 Level?t Hlw3l7] €13 TSS-3 Level

daglFe] EdeE (10)3 2}
(42+ 8%+ 162)x9%(352x288)/162x100x60 = 200
2) Mokt NTSS-3 Level &12|5 22X

ARket NTSS-3 Level &
(12)% 2t

=l
o,
o O
10
I
i)
i
rr
-
=

(4% + 16%)x9x(352x288)/162x100x60 = 162

NTSS-3 Level €x2]& A9 72§ E{=s 162
& vepdct,

U2 NTSS-3 Level due]Ee] Zote|dgof B3t
T5 ARk (12)2 vepid

(424 162+ 82+ 16%)x9x(352x288)/162x100x60 = 337

NTSS-3 Level €azlwe] Hefe] 749 HiEe

3375 HERSIH.

Ml

V. E5 g 202 FD detshs
CHESAE ¢malE A 2 P

41 TSS (Three Step Search)21z2|&
2ol WEIZ aly] 98 TSS LaelEe e 2t

o
(W 1) a9gdel FadomyE 494 149 o)
ERESEERERN L R L R

7,

Ao

o



135

3 kg e

ERESE

(DA 2) 1 & oA 78 24 Hge
=22 -?E%j—% %ﬂog 2”4 ¥ <] 871¢]

k= [Db%l 2] oﬂH ?ﬂ #2~ BDM 2
15}.& oA 8o B THAS Frlete] Ha
3 ojmle] F2 WEHE HF 1Y WHz 2

-

£
&
Iy

29 WEE Falr] f8 39A BEE =
o F 25709 A TH Mo disA A HE
#e el HF A JEHZ ZAFsin a9
TSS gdaE|Fe deA B840 Zob £5 A

glEo R 249 F4ol 2ol AR g

*77*6’5’4*3’2*‘ 01 2 3 45 6 7

-6

'
Lob

dx

T2 3. TSS ¢a2|E
Fig 3. TSS Algorithm

42 NTSS (New Three Step Search)21E|&

NTSS €¢28]l5E Pseudocode® v Zo| v
At
2713k
loc(17)={(0,0),(-1,0),(-1,-1),(0,-1),(1,-1),(1,0),
(1,1),(0,1),(-1,1),(-4,0),(-4,-4),(0,-4),

(4,-4),(4,0),(4,4),(0,4),(-4,4)}
Step 1:

p+loc(iJ(0 (=i ¢ 171 Aol dis] BDM< ARtk

% BDMe] H4v) & i2 2

Step 2:

BDMe] #Havt He Aol 431 2-%(i=0) B4 =
Step 3:

BDMe] Havt He Aol FAAH F99 HY A¢
(I(8)BAE]el e 449 A7t &) 2 99 5

AG Z75l0] gl
A e B EF) 2 799 3dE FH A

Step 3-1:

BDMe| #av} e dol FA-AA 4 "ol A

‘L AFD=8) 1 FE& FHoE 29 Hodl 83E
AL Aoz 19 Hojrl 84

27k &4 9] Azl

F7t g

o

|

o

o 4

a8 49} 2] Flow-Chart® Yeh

NTSS €aElE2

false

true

‘ ’ 3E 220y

245 2uE

=o

false

’ 8% =Dt

24|

85 =0t
=]

T2 4. NTSS ¢112|5 8%
Fig 4. NTSS Algorithm Flow-Chart

43 "l Aol TSS-3 2l 2u2|E

4.3.1 TSS-3 Level ¢12|&

TSS-3 Level ¢x2l5S tha o] YeRITt
(e 2) & gdolA %ﬁ@ Aoz 194 2179

g7le] FA TR HoA 4 BDME T3t

(@ 1) @ 201M 73 H4 BDMES FAHOR 3o
o] k= 134 7HA ] g7lle] B FRAS FU} afe] F
2 BDME T8t}

(@ 0) & 1004 T8 34 BDME Ao 3o
o]%- 3= 194 M9 gille] Bl SRS Frlsle] 3
4 BDM= T3t #F 52 ¥y A3t



136 B AT e SHoGE(2007. 5.

. Ak NTSS-3 Level 2u2]5S 13 631 2ol
SRaRaaEN am Flow-Chart® Ufehdic}.

. T ' .

4 N,

. A ERERNDS

|
. |
; | 3 | 7

T2 5. TSS-3 Level 12kl TSS-3 Level 22| TSS-3
Level 3=H|

Fig 5. TSS-3 Level: Step 1 TSS-3 Level: Step 2 TSS-3
Level: Step 3

N

44 H otst NTSS-3 Level Z12|E 73

Aers NTSS-3 Level¢18]ES Pseudocode® YE
WA ok 2
NTSS-3 Level €118]% Pseudocode

2713k
8= 2t
loclev2(9) = 3EHH|
{(0,0),(-1,0),(-1,-1),(0,-1),(1,-1),(1,0),
(1,1,00,1),(-1,1)} T2 6. NTSS-3 Level 32%
loclev0(8) = Fig 6. NTSS-3 Level Flow-Chart
1-4,0).(-4,-4).0-4).(4,-4).(4.0),(4.4), waha] B =RA] A9k NTSS-3 Level €aElE3
04), 4,41 Nze) SnBERY G4 ANFES E 12 ehig)
Step 1: o
p+loclev2(i) (0(=1¢ 9)¢1 el ths] BDMZ #H4+ek '
¥ BDMe] H27} % 18 Sré{Level 2) E 1. 71 UTRE Holst UTRIE Akt bl
Step 2: Table 1. Complexity Comparison of Existing Algorithm and
p+loclevOG) (=3¢ 8)¢l el tlsl BDME Alxkgh Proposal Algorithm
¥ BDMe] 4t €= jE 25 (Level 0) o | ApeaE) | AkekEeD (,'::I:“?So__f;l%x
Step 3: S =
BDMe| 227} 5 o] £449l A9(1=0) &4 28 FS 57000 23
TSS 6,400 2.6t
Step 4:
BDMol A7 e ol FHW el Mol 7S NTSS 4,342 8,448 1.880
J_‘Lo = omrh e el TSS-3level| 3,024 1.244
Ak
(Level 20114 %) NTSSBLev| e " NTSS-3Level
w2l Qe 449 A7 A5 1 99 58E o : > 244871
F7sl g@A
TER] 9Re AL (7} B 11 F9)9] 3MS 27} whal # 19 B ANE BlaelA Ak NTSS-3
Step 4-1: Level ¢xglFoe] wl¢- &2 52 Jepi
BDMe] HA7} 5 Kol 2AAA 473 "ol A 3 71E dauelEEdt AIRKE NTSS-3 Level €35
ol Ao (Level 0914 &) 1 AS Foz oz § o B BRES & 22 WEhsit

= =
A 89 371 94 9ol Anle] Be FHew 19

9
"ol 83& F7h 94

9



OFaldE dugEs o4 1% AU A 137
2. YI2[EC| B SRE dw
Table 2. Complexity Comparison of Search points from 1 NN )
Algorithms MSE (i,j) = —5 33 ML (k1) = Iy (k+i, 0+ 7)) - (13)
N7 p=11=1
NTSS-3
EFANK N IAfE
gpaps | EOE R AR e
(sisyeh | (mE) | @ | UG
= 1 N N
FS 225 3,801 23 i MAD (i,§) = (—) 23 D (k1) = Ly (k+il+5) ~ (14)
TSS 25 422 2,614 N w=ti=
NTSS 17/ 25 287 558 1744
TSS-3 N N
Level % 200 1.2 SAD (i,) = D3I L (k1) = I_ (kD §)] oo (15)
k=11=1
NTSS-3 17/ 35 162 337 NTSS—EB Le\)/(el
Level 162 & 7IF
A7 N2 4739 7&% AZe] Zpzhe] A7]olH,
F 20A U W AT o] way BRwsl Tk DS 9989 WS UEMIL 1, (k+4, 14+))

NTSS-3 Level ) TSS-3 Level ) NTSS) TSS) FS9| <=
AR gy Balgol A=o] =}

V. &g &1

AFE NTSS-3Level ¥x8lF 45 H7IE flskd &
39 zAA 352 x 288 49| CIFY F94 2742 A
Hrjdoz slo] Aslirt. 352 x 240 FAe| SIF HA
& 7HE AE2 208 Adgsle] 100 ZHYS 7EeR
A8

=

E3 72
Table 3. Experiment Environment

2 A9 o S YehliH, o5 AF 7eES FH4
*E IHE IS 24 H“Eii Axsignt. aglx g
A B2 98 PSNRE 2] (16)7 2t}

2

255
PSNR =10log,, (/) e (16)
MSE

23 Gl dig Ae d7= (E 49 2o CIF 9
23} SIFGAl tis) FS, Original TSS, TSS-3 Level |
Original NTSS, NTSS-3 Level &1 283
MAD, MSE, PSNR, ®44, ~3l=gls At 4
d43 Akiyo 94l tid MADS #e] FSe  0.61,
Original NTSS7} 0.618 YJeR%lx, TSS-3 Level &
0.73, NTSS-3 Level2 0.61% Agrs NTSS-3Level©]
TSS 3-Level 2the $£2 Z¥E eyt T2la 59 9
el 348 Hlwa PSNRS BH FS7 42.812 Yel)
3L, NTSSE 42.81, TSSE 42.68, NTSS-3 LevelS
42.44, TSS-3Level 40.49% Uehfo] Aokt NTSS-3
Level gaz|go] thd "ol gy dgiy], ~9e o
gHE & we ool o & + k. thed 2

=0
72

olXe FS7F A9 glo= 264, TSS+ 23, NTSSE 16,

Development Software Visual C++ 6.0
Coding Scheme MPEG-2 Video Cording

s S CIF (352 x 288)

SIF (352 x 240)

Block Size 100 frames

Number of Frames 10frames/sec.
Macro block Size 16 x 16 pixels
Search Area w= +7

NTSS-3Levele 23, NTSS-3Levele 92 Yehisith

E5 AP A=E Bk 98l 2 (13)9] Ha Al
Q2 XHMSE : Mean Squared Error)$} 4] (14)¢] %
At 3t 2XHMAD : Mean Absolute Difference)
gy A oA F4 dFE 4 (159 Al @& 4t
FHSAD : Sum of Absolute Difference)S ©]431
o S AT =S B

Ml o

o b

NTSS-3#4le] 712 NTSS| Hl3] gA44-8 Eo| A &
Aslgdet, =gl wwds} FSe 1, TSSSMS 11,
NTSSE 16, TSS-3 LEVELE 11, NTSS-3 Level& 29
= Yehioit). FSell wig) F2 23619 VeI
2 due]F s VERRRIE o2 /gl
W= S AvEYS JERIGIE 2 =RdlA A
NTSS-3 Level ¢ue]|ES T4 Juthis F42A 9%
oAl PSNRe| o £ Ueht=s A& & 5 3

I~ =
ses

=20 A e)
‘a‘t‘xé]oa




138 wE A FEH RS WOGE(2007. 5.)
tisiM 2 S vusRy FS duelEe 2649 573,
TSS gaglEe 23¥ 3, NTSS gagl5e 16W +3,
v = TSS-3 Level <xel&Fe 23 8 At
) NTSS-3 Level ¢x8l&e 9l Fagoan 333 &
B wHoe 7|Zo] B2} oyl TS < IS THeEd 22 ded v As &5 9tk

23} 7SS FnEZE NTSS SaelZ 291 BEas 7] g A9 E FSe 1, TSSe 11, NTSSE 16,
WS A gsk] Aokt NTSS-3 Level tielZs} Hlmeisy Tss—3Lev§1—% 11, Algkek NTSS-3 Level & 292 o}
9 TSS-3 Level Fue)Zo) el WA, Bgw psNR oo S HEMAURL PSNRAME 7€ daelEee
=9 g% ool Uit wA Samg gumse DO O R 5l UrEMLZ_ AR A ofu], 23]

A OE 1 ekt AR B RN A NTss-3 B MR B e S8 s vehdRic 25 5l
Level 2ie]Ze] 92-3to] FS Mk 23, NTSS 2 wbr] AR NTSS-3 Level daelFo] 44, B,
flEnche W 17 ol Jelw Hlm digel Tesg  SUIEHE TRhel sle] 71l daelFin teeldE 7]

Level ¢x2lE3} Blwsl= 1.2019] A% &3S Jehid
o} E3 7|E Yue|EET EHEE HludME & 29 2
o] FS Hrle 23, TSS HuleE 2.64], NTSS ¢xa&
Brhe 179, 282 Hladidel TSS-3 Level GaElER
e 1.24) el Sict.

g 9% AF AARA B49 o] Akiyo Gl

[} - O
25

He 283 NTSS-3 Level €uelEe] 9813 AujHgt
o} 23y 3 E9oMe E9go] tha "oldS Yehi]

o ST S o), sl o) woR B e $5

=S =}

g darelFolRia AR ARl QoA shde] Eeil

PSNRe] B 7] vehte 2e & 5 olth. o= B4l
AgIME F& PSNRE YERZ] 13 A7ahlct

B4 4 Zof (S D ATE @)

Table. 4 Experiment Results(Search Point and Speed Up)

Mar., 1981.

Color Video Compression,” IEEE Transactions

CIF SIF
Akiyo Foreman Garden Tennis
Method MAD | MSE | PSNR | Segroh S%eped MAD | MSE | PSNR | Searoh S%eped MAD | MSE | PSNR | Segroh S%eped MAD | MSE | PSR | Segren S%eped
Fs 0.61 | 3.94 | 4281 | 264 1 288 | 3267|3327 | 264 | 1 | 7.50 | 299.77 | 24.60 | 264 1 |432|111.00| 20.98 | 264 1
IES) 0.61 | 4.08 | 42.68 | 23 11 | 314 | 3826|3259 | 23 | 11 | 8.37 | 273.55 | 23.83| 23 1 |495|142.77| 2887 | 23 1
NTSS 0.61 | 3.94 | 42.81 | 16 16 | 297 | 35.23 [ 32.99 | 17 | 14 | 7.65 | 238.14 | 24.45| 21 12 |461|131.12] 2026 | 16 16
TSS-3 Level | 0.73 | 8.65 | 40.49 | 23 11 | 49 |97.66 2857 | 23 | 11 |19.17|1149.98|17.54| 23 1 |e657|266.26| 2611 | 23 1
NTSS-3 Level | 0.62 | 4.62 | 42.44 | 9 29 | 401 | 7421 |30.05| 10 | 25 |14.83 | 825.87 |18.99| 13 20 |59 |235.70] 2675 | 9 28
[2) A. N. Netravali and J. O. Limb, “Picture
coding : A review,” Proc. IEEE, Vol.68,
pp.366-406, Mar., 1980.
[3)B. Liu and A. Zaccarin, New fast algorithm
jél' _T'_—E—?_‘I forestimation of block motion vectors,” IEEE
Trans. Circuits and Systems for Video Tech.,
Vol.3, pp.148-157, Apr., 1993.
(1) A. K. Jain, ‘Tmage data compression :A (4) Ya-Qin  Zhang, Sohail Zafar “Motion
review,” Proc. IEEE, Vol.69, pp.349-389, Compensated Wavelet Transform Coding for




139

(5

(11]

(12]

(13

on Circuits and Systems for Video Technology,
Vol.2, No.3, pp.285-296, September, 1992.

T. Koga, K. linuma, A. Hirano, Y. lijima, and
T. Ishiguro, “Motion-compensated Interframe
Video Conferencing,” in Proc.
National = Telecommunications Conf., New
Orleans, LA, pp.G5.3.1-G5.3.5, Nov., 1981.

J. Lu and M. L. Liou, “A simple efficient
search algorithm for block matching motion
estimation,” IEEE Trans. Circuits Syst. Video
Technol., Vol.7, pp.429-433, Apr., 1997.
Reoxiang Li; Bing Zeng Liou, ML, "A new
algorithm for block motion
estimation  Circuits Video
Technology,” IEEETransactions on, Vol.4, Issue.4,
pp.438-442, Aug., 1994.

L. M. Po, W. C. Ma, “A Novel Four-Step
Search Algorithm for Fast Block-Matching
IEEE Transactions on

Coding for

three—step search
and Systems for

Motion Estimation,”
Circuits & System for Video Tech., Vol.6,
No.3, pp.313-317, June, 1996.

S. Zhu, K K Ma, ‘A New Diamond Search
Algorithm for Fast Block-Matching Motion
Estimation,” IEEE Transactions on Image
Processing, Vol.9, No.2, pp.287-290, Feb., 2000.
C. Zhu, X. Lin, L. P. Chau, “Hexagon-Based
Search  Pattern for Fast Block Motion
Estimation,” IEEE Transactions on Circuits &
System for Video Tech., Vol.12, No.5, pp.349-
355, May, 2002.

Kwon Moon Nam: Joon-Seek Kim: Rae-Hong
Park: Young Serk Shim; “A fast hierarchical

estimation algorithm using

motion vector
mean pyramid Circuits and Systems for Video
Technology, IEEE Transactions on, Vol.5
Issue.4, pp.344-351, Aug., 1995.

M. Bierlig,
hierarchical block- matching,” Proc. Visual
SPIE Vol.1001,

“‘Displacement estimation by
Comm. And Image Proc.,
pp.942-951, 1988.

S, Zafar, Y.Q. Zhang, and B.
“Multiscale representation

Jabbari,

video using

multiresolution motion compensation and wavelet
decomposition,” IEEE J. Select. Areas Commun.,
Vol.11, pp.24-35, Jan., 1993.

L
o
A gt

19949 sx et gkl
A IS

20054 oFoigtaL el
B FAD

1997 ~ &A| Asheka




