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Abstract

We present a fast adaptive block matching algorithm using variable search area and subsampling

to estimate motion vector more exactly. In the presented method, the block is classified into one of

three motion categories:

zero motion vector block, medium-motion block or high-motion block

according to mean absolute difference of the block. By the simulation, the computation amount of the

presented method comparable
the fast image sequence, the

to three step search algorithm and new three step search algorithm. In
PSNR of our algorithm increased more than TSS and NTSS, because

our algorithm estimated motion vector more accurately.

* EEE, KETHASE BT

(School of Electronic Engineering, YoungDong
Institute of Technology)

*OIEEE, BHUCRR BT IS8R

of
Kyungpook National University)
B, TR TEEMAE ETEEN

(Department of Electronics and Communication,

(Department Electronic Engineering,

Andong Technical College)

BEHT 1966114120, S35 199748868

(969)

I.ME

XA oiAe] wgdg pLow AHHE Hudsis 7o)
7FestAl Hlem, 53] of2] 74| AR FellA 5
4 BEE AL HY ZEke2A4 MPEGe] &
AEa olek Fedde AR A B YEst
(motion compensation coding)& o]|-83te] #& d
ole] 3fFo] o]FeAlrt o] whe 2Jgh dleofele] sf
He ot mAUS o4l $HY FY R uAL
Feslar, ol FAE $23] ¥WE] (motion vector)
o elshd A Al 4 aste) Ao] g
8 g 2 sk w8 dwelE

o] uhde.



A9 @

7 $19 W FHE

9]

(pel recursive algorithm: PRA)¥} &8 A3} odx
#]Z (block matching algorithm: BMA)2Z 5

ofzlch 112 Byl A3 dwelEl A wuk dw
gl&dl] n|sled fAlzto] HA Ko sfego F

o] fol3lr] wie] A BA
4= 39)c)

29 g daeZdae 3 Eue] 2 E ﬁ}*
7&% Higko & 333§°]£§}"+4 g 7] %

$ o2, dA% SHHHAM =
3ol oHFE E"ﬂ% TAH o E vwsie A #
£2] 23§ <¢72]% (full search block matching
algorithm: FSBMA)& 7|Eo2 3ha slon, ole

$58] el 4b

JN m[n

O,

5

10

;&

L

& Flﬂ o 2

o] $49 WelE T 5 QAT Aee] gL
WS Zerk olgh B wHE Fol7| Y4 ‘%*—‘,‘Zd
of $8 Zomd A9 WElE R} aHo F
g 4 e wggel avEger T A
T4 BMAWRCE: 23! 2o ¥4 (two

dimensional logarithm search: 2-D LOG), 327
ek (three step search: TSS) ¢xel&, A &4
(cross search) YTEl& AMzg 3chA @48 oz
Z (new three step search: NTSS) Fo] gjch!'!
2 3 A o +49] el sk
A ell4] FRF 4ol WA @] slod, 22 3
e g daef st gagle] AL a4
o= wlwA s FA Y WEE SRR &
w2 odakel Aok HAF sx(global
minimum)ell #EA] FAERE $AY HeE 3
= &e] gl o] MBS u&oE $X9 HEE
S| e A g B 74‘& %.LE] ZHr} g
ANge] £ Fo] A FAYE 2 £ viA] £A49
S AR A AR A g B A4y e

7-0
L

zlolo]

7 ush e wol 2 4 lovt, £4% e
o Fe] ¥R Hrpe FAY wrt YL
#9e melah] S wpye] =qe) Wasieh

¥ e $2d WEHE o Hshl 34
a}waxa Adbere A S ol 28 A3 3 A
g aeiEg Aslich A Wl HYe)

Hx]l Hg A
MAD)E 7|&Foz 7z} 218 2-A9le] =2 Bel 2
= HRRF 2 e
et g2lo) Wl e ARl Sake) wAvR
s 7o) £H9lo] 7o) gl Bl o X

22} (mean absolute difference:

7],1450 _.F:;] _p‘__o =z Bai

% Ae BY A e F

(970)

HEE M

), SA9le) Her) 225
o 2 Boxe 22 gAdde] Al 53 %
~T~72 § & o}5% HF¥3} (subsampling) ¥
=3
Aekgr whyge] A 7] SlsiA Al A F
Aol disle] AFE AR Sk o]
é;q_i_ﬁr_a {8 E—‘é‘}oﬂ/ﬂ Zﬂ"’}?} Bh:H.Q. °;<1o1 2‘,&24
b #HZel A ek B A3t odae]Fel vis) Al
ke 84.97% WA 90.02% 2 4= 9lom, PSNR
ZolMEx wlad A ghe] =ik gk At
°IIH Abe] 71& 334 @4 dzelE
H & 39l ' gdae|grrhs el oel =
74 &L Zrslgdtt PSNRERINA] Alghibyo)
3 A obweE]Zncl 020 dB WA 1.83 dBE
Z7lEglon], wik AR 3ubd g okielEake
vl i= g2l whE 9Ael FOOTBALL %
FLOWER GARDENe|4& 7tz 021 dB % 0.93
dB 7} Hel7] wiiEel & o AgsA 22 =E
2 FAE 5 e Zabdel vhEdE Z1E 5 9l

c}.

E] (zero motion vector),

EE.

L
5

[]
=2

IJL. N‘E o,

=V

N X

£ -

N sfaE 7;~ EFollA ﬁeﬂdi 3lA0]
+A8le) Aulg palaet A o s HeR 3
ol p3la wbge] o] WY - glerng gAY
el =)= (2P+N)><(2P+N>olv% ol A od o)
A AR ¢ ol g (2P+1)* ot} ouj
Az AYgE 5 e T gfﬂ*}ol N e HEE

1o

el HEgE PJidd Al (mean absolute
difference: MAD), HdAkz2A (mean squared
difference:  MSD)7} el Apgslm  glek M)

MAD % MSD& ztzt

MAD(k,»——’E;”z;|X(z DX G+ kit (D)



19975 95 AFTHEE
SOk, D =2k S X, G = X+ R4 D) (2)
ok A7 Xdij)e WA 2AS, X, i)E oA

ZAH, (kD2 54 dqoMe] dAelct. 7} gy
Hell thasl MAD 2-& MSD7} #Havtb =He (kD&
9] wWg g Agrt MADE MSDel ulsted #|
Ateo] Ay sleglo] 7ol foldle] de] o]43lm
Auk, MSDEcE A#gt £219] Helg sz &
e S A gtk oA AHgE 4 ole =
E el izl A8 et 2 F oM AR &
g e B )9 g A W2 AAs
S A g B Ay gdwelgel ok o] wh
e ghaoddduola] el £ WelE FAHE
FICAR 74@%1*— 739 HYHe] Yy woenz
ArEEE e shs we] glrk mekd Akt
erolf% 719} At °1-l°tl el s 2he ¢ gl
%o B2 AR duEE F 23 2o e °;_}1a
3474] = I A = ﬂz} A G AR

| e tme]Z So] qdsgiuh 6 o] wp
] Fola ZhdslME Ao A £ HHE
2R3 4 olt 35 24 gwelzle] o) abg
g3 gjc} ol X9l Ho #Hert -6~62 A
o thal A e gAg oz A9 HElE F
A 4 gl whlo)x}

T

o

=
=)
334

>

oot o

m. =i

!
i
L
olo

b0

L

=
=

S

2|

=
=]

£E Ay

Fe A =AY 9] Gl e
g old =AY t-19 Ue B (et Ate
& o FEaderte & g 2E s
tsted HrHE sfobt FAY Aol AshA rk
oleh o] BE A diele] S WEE 4

Pekl 2 AR ohe Wollrh B T40E &
A WEE ] G B 48 UF A

sof 2ol WY YTR|EE A HR T2zl
WA ¥R $29) HElE FRsbl Hel ¥4
ol Ble] Msjec:

£ el vlE A A B Y damelsel
A a7dE B A 2 3t B deE 9
Mg 3 A A BAHA £49 e

Er s
T

971)

£3ME SHE FOK 79
o ¥R FAE AT 5 e el Ak
Hollidz dadelld E49) $4d =g wdsie] A
PRF e YR F F-RESE dsp] AR
A RS X—]‘ﬂ HEl S A e 2% A8
4 A%

ARt 7% HE “"4 241?} da2lFe] ZEEE
2 13 Zrh o] afeld £ dxe HEs

MAD(00)E o83t MAD(0,0)<thjo]H S2&glo)
A9 ¢l B¥ thy <MAD0)<thels £x4lo]
F7HA xSl B OuteME $zlde] & LHeow

R F 2 Bel deia A HEE ST
2 thee TEHEE vehich

4714, thy

QAD((} 0 Sea;ch area: -5~3 |
Subsampling J
N
Search area: -7~7
Subsampling
B A

a Sto h
N

a3 1AM 74 e B 4G dwelE 53w
Fig. 1. The flow chart of the proposed fast
adaptive BMA.

74, MAD0,0)<th;Ql 822 =9jo] 2h& B
o8 FditelA w7 (background) +219]0]
L& A7 (foreground) &2 FAETE v dHL
FAd Sl g AREla 9lew, o] odedellA
£ Zygle] wHatEx gxigle] Aol A=A W
o} w3t AREE FolM ZElgle] W= $3]9)9)
Wb 2A Jehbes ofoge] wol :ihsle] gich
ole} zro] A1) st A g Y= R
Al WelE FAshoat skt ZHdel e B
(G,))0] oA z=agleld Azl Feddol gl A
g Aol disle] At eaE Alste] A
EE 4T Jort glck a#BzE o] dYex o]

=1}
=



8 £49 WE 3¢ 9% 1% 4 BY A YeE EE S

AU 19 (90 Sl ¥eE A AR & 8 dork ol ) He) @ o g

AU el (Sl el BN S AUsel g ke o)
Wgoze] $A9 0 Hh  F Tv $AH TS MAD<nE 2: PAEE 2
A sl §49 MEIE AN A4S Abgel ok olRA Sl $4) Welz A4% AL
gegleh el A WA B2 AT dueFeldiE G $H9 ez we eap) wywth o
#ejzr)7h 8x8 (o] -7-7) W 16X16 (4 2hd oS g £49 HElE s sl 2 @
3o 7~7) Aol 22570 Hele) ANEE WeB  AeldE 1% 3ol o] 1 A BHE By
A T i s YR
AT b FE g A gl HEald 2 9B ete Al Y 3] $E #9

g A go] Hlug A g By A3 daelSel vlw 3E MAD<th & zZE 29488 ek o]FA 1
WS o) &7 Aol vA] kertk W o ohlE et & xge] S8 ehlHS Faled
thgo2 MAD,0)>th.dl EeaE £=glo) 0]Z &3] Wz A}
& HYolng & v] Hekl 39 HEE 543 vpARke g, 22l9le] MRSl EE & thi<
= o

A8 2 S 219 e
18} 2ellais} 7ol ghdodels] =

ARE MAD(Q.0)<thzoliA= 918 £x]fo] & Bl &
§ 772 sa A WEHE Feks whHsh goma, B Aol
£ e Il $Hge 53R Feld ¥E
wahslol WA Ak

v, A

o
[

ot o DE

B oE=EofA Aok ud A3 89 Ay dwelE:
o] A& ksl fsted ZFE e AYS 53
Blodrt B Alellx= 720x480 =7]e] TABLE
TENNIS, FOOTBALL ¥ FLOWER GARDEN
7} 30, 60 W 60 ZHUS *F&fs}‘ﬁu}. FOOTBALL
= 7k W EAe) #29 wE <34, FLOWER
GARDEN-Z x|l £ ?}Uﬂﬂw ol whEA F
Aol o34k TABLE TENNISS A= szt
o]-g3tod WL wIAE FHRHA] vlwA] gHgle] He
a2 2. g ododo] MR ~3§15}] odatolc) Alqhbel i Bel =7]2 8x8
Fig. 2. Pattern of subsampling in search area. 16, SAlle] Aol wel SaelE 77
=7 = 7 3% 3le] HREHE siolon, it o 9] g
£ Agsidck 7€ A &4 5 AY daEE 3
A sk obmelE g Al 3k B kare] S
A By =718 8%x8 W 16x16, B -T~7E,

X

N
—
m >

N2

~1

N ge) Hut FPAReAE AMgse] medye
- | sigck & el slee] W wal ue g

Y 392 o Had U A B T e e e
) . 7} 3 A7 &k 3 o =181 wm aols}l v 3k A2
Fig. 3. Pattem of 8 pixel neighbourhood for daels % ARERE el e Ak

search. PSNR = 10 log 2§52_ [dB |

o] mel BaPomE ool Asdm B A & olgste] WAL oM, oie U Wbt &
(972)




19974 9H EFTHERICHE

Aol BARE Ak sa Ak exjoloh = $34]
o] A9 gl B¥oz duksle FHit thy ¥ 24
el F & B¥og sk FEY thyE EA
&7] 918 thi2 4, 5 2 6, theT 17, 19 & 219
alr] 22k molAlgg aisle] PSNR 2 ARbERS
Blasle], o] Fold AHwHgl thi=5 ¥ th.=198 3}o]
ko olE b ubel| disfed =gl sl w2
PSNR Zdbe 78 4 g 5049} 2o ela 2h o
AFE)| w8k 4 PSNR 23 ® 13 7o)

24
=

h=

=

— - — - FSBMA
Proposed method ,
26 5% 'I
= 2
:f 24
23
22
0 10 20 30 ) S0
Frame Number
&8 4. FOOTBALL °34ke]l E2=7] 8x8 (44
9 -7~Dell ¥ PSNR
Fig. 4. PSNR of block size 8X8 (search area: -

7~7) for FOOTBALL image .

34

FSBMA
Proposed method

PSNR |dB}

Frame Number

23 5. FLOWER GARDEN <349 ¥3=7] 8x8
(G -7~7)el ¥ PSNR

o iwTl
Fig. 5. PSNR of block size 8X8 (search area: -
7~7) for FLOWER GARDEN image.

of Follx BH=7] 8x8al A 718 A wA B
A dae|Euct Ayt vl 035 dB WA
059 dB AxsA|RE, 342 By A3 daeEd 3
@A gwelFEchE 020 dB WAl 1.83 dB Z718)

(973)

E3MHE SH BOW 81

[=3
T

el A o
Hhell4d 030 dB

Ark zely By 16x16e 7
A B Ay dae|Euct Ak
W=l 037 dB 7+4skedch

B 1. 24 ubgel o3t B4 PSNR [dB |
Table 1. Average PSNR [dB] for each
method.
T
Block size| Image |FSBMA |FOP%¢| 155 | NTSs
method
FOOTBALL| 24.86 2427 |24.04 | 24.06
FLOWER
8x8 GARDEN 28.14 2772 |25.89 ] 26.79
TABLE
TENNIS 26.37 26,02 12582 26.00
FOOTBALL| 23.30 23.00 12293 22.83
FLOWER
16 <16 GARDEN 27.26 26.89 |26.08 | 26.78
TABLE
TENNIS 25.83 2552 125.34| 25.53

B zof 3 Anelld, WA H & B Y3
dmeiEel AR upS wiws)] By E¥H=riv) 8
X8 Hr} 16X16014] Aokl ube] 1 gl Haf A
3 daelgel 2AlEle Ze o 4 glch o) By
A7Pb zr) dfell 7h dAtellMe] A9 F]]e)
o] gHledod-S ALl wlofulx] 7] o] F-FE3
strlete a-a Aol wixli= A9t Ao glAlEe]
AL FAE A AFsA weprlr] widelch
g 8x8 BElarlelx &9 Ee 4y e
71&9] 3k &4 okmeEe AlgkbS PSNR
o4} wlwabH Ak whe] TABLE TENNIS,
FOOTBALL ¥ FLOWER GARDEN 7} ©34fel
tisled 020 dB, 023 dB ¥ 1.83 dB Z7}sksich
o] Aol Agkbylel PSNRe| Zr13h olfe
A, FAYde] F o] 7, 334 @ dmE
Follds 1A 2 "] Algr) 97 olx|Rk Akt
Holle 16705 B8 o2 s17] wfol S5 Ao
- sPsAde] FolEglon, mil $3gle] 2 e
S Ak 1A F8He] 49715 A=
&) wiiel 3tA 2 otze|Eec) R FHdl w)
A 7RsAe]l A gl X<l WelE & o A}
A FAHE 5 ol7] et} melw, mée] HE A
§ dwelEel Nz 3 By gueizfls )
ot uhlE PSNR &dolx vlashd 8x8 EH¥=
7lellA gkt wbHe]  TABLE — TENNIS,
FOOTBALL ¥ FLOWER GARDEN 7+ <d4kol

=

e

O 1R o

N

o



82 29 W FHE A% &
ieled 0.02 dB, 0.21 dB % 093 dB Zviskach
o] ZAdell4 TABLE TENNIS®Ata} o] -£-2]glo]
Ao 9le AfelMs 715 A=E 39A 24 o
2]&a}t Age]l A9 wlsRiet e, FOOTBALL
2 FLOWER GARDEN# 2 £3x9Jo] whE 44}
ql H$ollM= AjRRE whge]l & o A £
HE1E F&38le] PSNRe| Z7H=Eic) ol 71E A
2% 3 94 | Zedla Rgde] W o34k
o4 A A(global minimum)oll #x}+= 7397} vt
Azlel HAERE $29) el g FEelr] died &
ap7E F7bEe) w3 Aol wE FOOTBALL
gAe] EBHzr] 16x1604 354 A dare]Eo]
A2 39A | daejFEr; PSNRe] 371
o} o] Ax: Y] AYe] whE Gy A-eli=
M2 3A & okare]Fe] HAEERE A9 HE
F 493t el Qlrk

718 A A 5 Ayt dae
JElE, A2 39 S daeElE
g AAbeRe vl Aehs & 29 2l

Py
=]

=

%, 3 2 o
0 AR Pl

=

E: 2. 7 upgell gk % ALtk
Table 2. The percent computation amount
for each method.

Block ) | FLOWER [ TABLE |
size Algorithms | FOOTBALL GARDEN | TENNIS
FSBMA 100.0 100.0 100.0
Proposed
8x8 method 9.98 15.03 10.18
TSS 11.11 11.11 11.11
NTSS 11.29 13.05 9.46
FSBMA 100.0 100.0 100.0
Proposed
16% 16| method 11.17 16.06 10.81
TSS 11.11 i1.11 111t
NTSS 11.26 12.96 9.28

o] EolA, 7+ Hiel digh AR Yo eatke]
% Ak (A, WA Aoighelrk NTSS % Aijk
Hhellde] wlmedabale] AbRE AR Wy
A eefol7] wgoll FAEIck B =] 8x8al A
$ 71& A o9 By AY dmeEe AUkt u
v]s] B FLOWER GARDEN, FOOTBALL
TABLE TENNIS®] <34boilr] 2h2t 84.97%, 90.02%
9 89.82% zixEiglen, £2 =] 16x169 A
83.94%, 88.83% ¥ 89.19% ZrAi=girk oleh zto]

Aatege] Zrasle olfie diFEd dAedlde Wi

[o?

NE o

(974

HAE 5
2 ] Bejo] go] Exjsle] w4
718§ ZFolm FREssle] g2q] WEHE 34
o qkgh wpHe} 394 g @
vlashd <dAlell wiet 25 A
olxke] Atz RE] AQket whle]l A9l 4 W
HAql A B B2 Ay dae|Suc) Al
wo] & 4 glom, PSNREHAME vz 2HA|
Zasek 71E 3 ubdal 35k ®HY garelE
- 35l oA duelEuc) AR SHeA
Aol we} B2F T B Foleielon, =3
o] wZ FOOTBALL ¥ FLOWER GAR-
DEN<jAtoll = 712 adbEct PSNRe] S7}s]
Q7] el & o] AgsA FAPHEIE AT ¢
e Al Wg #eld & slglek

2 ol

o

al
>
=
oud }ﬂ]

2

V. =

w Rl £4Y MElE F

shaiA AlkeRe A S Qe
3 delEe Aotstdch Aok Wl E AT
X9l B Hdl 23 (mean absolute difference:
MAD)E 7]5o& 7+ 538 3le] A2 &3, &
A 5e] 9 F& Z 2EoE #R3 F 7t £
o} A9 Wl 48 gl Fake] AR
3} zho] Flgfo] Aol gle B 3 39 4
€] (zero motion vector), 2319 A=} 2253
2 2 BYoliis 22 g =718 53 %
-7~7% ¥ ¥ o8¢ ¥RE3} (subsampling) 3151
=2

Akgh wbge] A5 ksl SlsiM Al A
Aol disle] AFE AlEHelAAS Fsidnh o]
22 RE] 8x8 B oA Akt Wi £24 54
S #HAQ A g B A d3e]Fel wls) Al
AFEES 84.97% WA 90.02% YU 4~ 9le, PSNR
Fmo = vlwd 22 grel Zhawdch mgk Ak
g EuiollA, ekdue] 71E Al &4 daelE:
22 3 A b ERchs At wet 2

o Qg 4

A Z]o B
% Ag 8y A

E

fio

P
k=]

A

1l

F 7ta 2 Zvlsigdeh PSNREWeIA Aol
3A & daeElEEel 020 dB WA 183 dBR

Z7HER e, w3 e 3 24 daelEe
Hlatofl A g2gle] whE el FOOTBALL %



19974 9F BETFIBE&HIH

FLOWER GARDENeIA+ 7+ 021 dB 2 093
dB 27} B d¥el & o Mgl $2Y e
£ 24T 4 gl msbdel WYe BT 4 9l
o}

Z2az23

[1] H. G. Musmann, P. Pirch and H. ]J. Grallert,
“Advances in picture coding,” Proc. of
IEEE, vol. 73, no. 4, pp. 523-548, Apr.
1985,

[2] A K. Jain, “Image data compression: A
review,” Proc. of IEEE, vol. 69, no. 3, pp.
349-389, Mar. 1981.

[3] T. Koga et al, “Motion-compensated
interframe coding for video conferencing,”

B 7 EESR

1984 29 ZASdEtw Azt 2 (FEAD,
1986% 2% AEdEtw o3kl Adzkpstst 24 (7
EAAb, 19949 89 AEdishw ofstel Axpgeka
Zq] (b, 1991 34 ~19969 29 AFHE
st Azl AL 2w 1996 39~ #A) o
Egapfetn AAFEIE 24 FIAEoRs ikl
A, AdsHE 4 ZH

& B =HE®R)

1993 29 AEUgw HzlEE
3 24 (FEAD, 19959 29 A
Hojstw digs] AAgstst 29
(Z3Hah, 19954 39 ~ A
BEdeta e AApgete bt
A A FAels A4
AlZAe], dastE o 3.

& % FIE®R) ¥ 33 % Bl ¥ 63 2R

# 8 B(E&R) % 33 % BiR & 498 21
A dseHdeta AR

z39)7 A}

X Kb A 74

£34% Sk BOW 83

in Proc. Nat. Telecom. Conf, pp. G 53.1-G
5.3.5, Nov./Dec. 1981.

[4] M. Ghanbari, “The cross search algorithm
for motion estimation,” IEEE Trans. on

Commum., vol. COM-38, no. 7, pp.
950-953, July 1990.
{5] B. Liu and A. Zaccarin, “New fast

algorithms for the estimation of block
motion vectors,” IEEE Trans. Circuit and
Systems for Video Technology, vol. 6, pp.
148-157, Apr 1993
[6] R. Li B. Zeng, and M. L. Liou, “A new
three-step search algorithm for block
motion estimation,” IEEE Trans. Circuit
and Systems for Video Technology, vol. 4,

no. 4, pp. 438-442, Aug. 1994.

F A& B(E&EH)

1994 29 AEdEw Azpgst

o &9 (F3hAh, 19964 29 A

e i anAe L S I P S e A

(ZHAD, 19969 34 ~ &8A
a ZJEdste ofsd ZAgat) u)

A g FAlReRs 3

AlsAe], At 9 29

# T WOEER) £ 33 £ B £ o 2R

A AEdsta e Azt

 upababy Ak

% £ A(ERR) % 30% B % 1200 B
WA bEBATAE AAEA
% zap

% @ —(EAR) % 33% B % 4t B
A ARt A} - AR

H 2
& al



