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ABSTRACT

In this paper, we propose a fast block matching algorithm using the mean absolute error (MAE) of neighbor
scarch point and search reglon reduction. The proposed algorithm is composed of two stages. At the first stage,
the scarch reglon is divided into nonoverlapped 3X3 sareas and MAE of the center point of each area Is
celculated. The minimum MAE value of all the calculated MAE'’s is determined as reference MAE. At the
second stage, because the possibility that final motion vector exist near the position of reference MAE is very
high, we use smaller search region than first stage. And, vsing the MAE of center point of each area, the lower
bound of rest search point of each area Is calculated and block matching process is performed only at the search
points that the lower bound is smaller than reference MAE. By doing so, we can significantly reduce the
computational complexity while keep the increasement of motion estimation error small.

* Zdeta Hakg A58 (formula @ palgong. kac.k),
v oot HApeE
EEHE 99410-1011, AR} 1999 104 114

128

www.dbpia.co.kr



wE/o)E AN H A e 5l Haedd U4 o4 4 B4 A ¢xYF

I.ME

HE Y «dzeE (block matching algorithm,
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y+1

y+N-2

y+N-1

(b)

-+ coordinate of seurch region.
: ¢ coordinate of current block
03: overlapped search area with nerghbor search point.
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T stk 9ol nishd g A2 Aoz
MAES] N2 H4# 74 5 vk a2u= olf
o8] Fi AYo] EaF P oisjedAnt
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5 A% T e 2 2 R
D(x, %7y ohdzh, WA (x,)0]M9] MAES]
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3.1, e -2 A2 2 BAEolie] MAE
71& MAE Ay
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#¥ FUch old, e WAHA digie] 4%
At W8l MAER TeRic, 54 870 W)
Aolre] MAES] 4L 3 W 7R S Sl
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AU A" wYddE 2H 349} o] 3
x3 27]4] Gge FAA] 4A v H, 2%l
Al e Hee AR 4 9dd] 34 WAl
3l ¥ P thsted MAER T3t ©]g

-} ozl xl b 0 x42 x4}

@: The center search point of each 3 X3 aron.
(O The search potnts selectively block maiched.

I8 3. A el AdElE Y T
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T4 2 dge] S4 w2 MAEw 254
oA 5] 87] wAel ek 24 A4 el
o o ARgEch
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5 A 99 AR AR Hae A
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MAE,; = min MAE(x, ¥) a7

where, (x,y): The center search point of each 3% 3 area.
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MV(x) 8} MV(»E 22t 8F E29) HEe ¢
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wE/ol% WA B oA 224 g waledd % o4 & ¥¥ AY dxw

O3 4. }F Y WE s MAER 7
WA A9l Ae] aE RE
HA¥ F olck a=jeg Aodet whHe] & A
el e Ty Al gt A g%
WA 1, 7€ MAEE 7 wHAS A&
71ELE WY IR &M HE 23Y
Hejg 7ok

3.2. 26- 2AF MAEQl &2 99 3 Ehgey
TR ol MM BY

Aokt wge] T WA dAlelAe 71 MAEE

e B AR g4 2713 4 5,

74 3x3 o] 4 FHN 5 At 5o

T MAB(x, ). & 2l D(xy) I1E o188, ¢

AY (3 FHe 8/ oj% @AM (xzl.y),
(x,yx1) B (xx1,yx1)ellM2] MAES] A} #H4-

9] "11\/?” D(x, 9l — —J\l,rn Cox Il [ T} o
71, ke 23 3o viehd A 7] 4 8712 §F
BHG 4] HAE el A1 el e
o]F A FA MAES] A} ¥4 HYE o] 48]

IF ( MAE,y < | 3l D5 Il - %,Lyu Coe 1)

No block matching

ELSE | (18)
Block matching

IF(MAE(, ) < MAE,.z)
MAE, /= MAE(i, ) |

o} o] MAES] Al #A4 W47} 718 MAEQl
MAE,, B0} & ¥4 disieqs &8 A%
gk oA7|1M G 2 99 S waAEE
A vmz] ofg sie] d4g-g viebdck S,

Alakgt yhgellddz Al ®iA] WAl €5 AL
Hajodwd 2 3x3 odyge] T4 SYHE A b
pjx] gl tisle 2 AN JF 4 Sle
MAES] oA} 24 H4E ol ¥4zl MAE
T ol 8sled T H, o] @l ZIE W AHA &
2t MAE, B} & ZAfols 8% At FH3A
ererh Rl MAEY] 24} 34 W47t MAE B
o} 2k galge] Fgolle o] w4l ] MAE
7} MAE,, 8T} 2Hg 715Ad0] glerg, of €43
of dhskire 85 AYE W] MAER T
# MAE,, 9} w|aflichk o], o] wHiHelx9]
MAESl MAE(. H7} 718 MAEQl MAE,, Xt} 3t
X MAE & MAE(G,HE 7BA=ET, o9 #HF
& A wAHe] HF 2aAiq] wElz ZRPc
ols} o] Ayt wWHelMe ¥A #3e ¥4
HAodde] RE §8H didle] SH4F el
@7, AL Gad T &8 AL st
AR, etk 24y 24 AeE 98 5 sdslek

4. Hioket 7igel AlMzt

FSA®E oA ze#|ge] dAs =E HiHe] o
tle] MAE® Alsi, 7k €434 MAEZ 7
A7) e aNe] wAlT gAle] Aldle] |
gl onz gx] zeqe] # e A A
74 7olm, &) Al FHge Mo WHH7}d w
olgd, ¥+ x#H{lol| vyt FSAL] & AR

Crsa = 2T(2uw+ 1)\ 19

<} gk

wlm, Aalgl wile] AlateRe A WA dAlllA
2} 3x3 °doe] $AAIA ] MAER T37] Ht
Aatekal = A dAlel e 2 F, 4
(18)9llAs} zlo] E-% Hgte] HWayt wqH cht
o HF AYE ] At A teE #
S oqlch WA A WA dAA 7 3x3 gy
FAY o4 2] MAEE T3P Hat AFE A4S
, AM gy 194 sigele HaA 3l
EE s YelododlmR FSAS] Alaeke] 1/9¢]
e 272w+ 1)N/94] Alltske] Hashl A
(18)2] AlllMe 7+ §raAe] oigte MAES| &
A} wHeg 7] A AdER MAES]
Ab A4 yei7E MAE,, 20 AR el A ] B
E AL §T AEge] Haslch 7], MAE
o] A4 HE FE] HHMe o, A "
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Zh] Wikl digsle || Cp | FEledol ¥t
| Cox 18] AAME fI8iA e Al FYgHo] v}
o] z} wiekoll anirie] QA Q9] Alde] Pas)
27k, BAPY $A7E 2 3x3 dee] S o
8l 180° 2] AlolR zhi 7ol disteixe 4
T € ek & |l Cons 19} Nl Cou- 1 ¥4
¢ gelck 222 || Cp 1B T3] HEE A4
Fe g B A gl svie siAa w4
2] Alle] masicl =ik, MAEeS] 3 w47}
MAE 2t} 212 gl disie] 4% Aihd &
3l7] SN AabekE WG oNvfeln)k aejEe
Aotk el AxEE

Cormoss = 2 TN2w+1)? + 2PN + 8N (20)

2} Ak d71x Fo Al (18)44 718 MAES] #]
2 FHeR ¢ 22 g4 gdx] MAES] HA&
WH7t MAE, 35k A 94 e 3 Sfeith
o] Alez¥e] AUy viYe] AlleE MAES] 3
2 {7} 7l BE A & MAE BT & ¢
YA 97} B-irS FSAS Alalapl] vl gol
ZAary& ¢ 5 3ok

V. 4l 3t 3

A =Fely A we] e %717 S8
o FFe] LR rslck L Aydde 720
x4808] FlAd=R 71Ale FLOWER GARDEN,
MOBILE W SUSIE 94 ZF 40=#-¢ A8l
o, % Ayl AHW e e 16X16,
Y9l 2r)e Ay puyekoe 16-+15
5 MPEG2] Masiy} FRshA siech £ Ay
A AMR-qk FLOWER GARDEN <A Ziwt b
& WAL wyo] we] EAstm, AR @Al 7}
vlzlr} meA -2ajeli= dalelx MOBILE AR
e Ealqd 7HRA oA gl Stk vl
e 712pt gAle]e oA EAYe] AR
w7 dHm gAML o] whE <Jye] LA
 GAolct. z=lm, SUSIE <gARE ul7ge] off
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3 A Y25 MAER ARE#lgch
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29 AN 9Tt ¥ 94719 PSNRE o423t
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1. MAES| A A4 Heio| 2Xp} Balg) &
A dsoll ojxle A

Aakgt whelde €A gaHe] MAES] AL 3
A HEE olisle] 4% AYe] Wagt w4Y &
€Y o2 do® EAYE YU} olu, WA
wAAe] MAES] 4 HeE AR oz, 24
& A1) wEel ol &t LAl WY
it} ol2iqt xR qlsje] Balq] A AP} &
W g dE A%E AA A ¥4 LBt
MAE B} 3R, A HA W8] LB+
MAE B¢t #AAle 7felch o] 79w LB
Abgaichd B AUE "o 8A7, LB, &
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T, ol 74Ut =Y XY 4 22 &
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71517) #ale A g9 el $ixelA LB,
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S0 24 #aq) Held FE A 7Afelch

ol2iqt A7t A A Aol Al AY
£ dolrr] §i8ted Aa H{Y 2212 k] 24
3 Held AR A& P Y wEed AR
AR 7ol Mo Ay HE|ele] MAE A9
g B 1 W E 20 T2 vehigleh E 2404
MAE a4k 87T vehd 212 £ AYdMe
MAE 27} 8o)4RRl 73971 9id7] wiel<t & 1
+ AR, G4 del d7e] Aol SRR A
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Wl q AX] Rsjoiele, ol Qlsle] WAtk 2
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wile] £alq] Wel @ AR AL g, Ay &
Al wejel] 2§k MAES} A<bdF wijeR A&
2]q] wejo] 24 MAE®] A= 191 A4} o
74% 2 B ¥¥-& AASE sl A} 3ejEal
ZA%7} o 98% 2 chyig AR F 22NE
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/ol WA B Aea 22 W gAY FYE o) 4Y h ¥R AY dzeE

FooL Ak s eAE <l $al4 deE AE Y
&+ 4

FLOWER

GARDEN MOBILE SUSIE Avemge

W& 4 ol%E WY ¢ Uk

E 3. FSA, SEA 9 ALBMAS] Alg odabo] gk =7
PSNR % 74tef

Probability of
finding wrong 1.48% 121% 3% 200%
motion veetor

E 20 #¥Y del§ AE AL Ae9] A3e] 44
wE{2}e] MAE 28] ¥

Difference || FLOWER

of MAE | GARDEN MOBILE SUSIE Avemge
1 6120% 76.34% 84.00% 73.86%
2 23.03% 18.78% 13.21% 18.34%
3 9.64% 427% 2.29% 5.40%
4 3.88% 0.61% 0.45% 1.64%
5 1.50% 0.00% 0.00% 0.50%
6 0.63% 0.00% 0.00% 021%
7 0.13% 0.00% 0.00% 0.04%
8 000% 0.00% 000% 0.00%

A G4l disle] Ealq] A4 AR Wrist
7] $)31>] FSA%} Li o] Aigt SEA B & =&
oAl Aokt Al A WHE o8 &R AY
<312]® (BMA using approximated lower bound,
ALBMA) &, Abat stzalse] 2 wWleld w4
odqge] Z7|E FolA] Wz, Al A HHYER o]8-
Blo] -16~+15 7)o AR ozl $34)
A& el 7ol A 7 40 ZRle] of
¥ 7 PSNR W AR B 3o viehiigleh &
AlgelA SEAS] 2] #£2]4 Hele ol ZHlY
o 4] WElE AHRatAck? o] Hella Al
& FSA2| Aatakel diste] Al ez Jehligich
o] HE Al ¥yl ALBMAS] 7% 4} 4 d
48] AMgeR QIR gAY g A Fot
0.03 dBejj4] 0.17 dBE o9 H8-g e ¢ gl
o} = Fa9 el o Al AvEe
ALBMAZS] Alilzke] FSA2] <F 20%l4] 33% A
T2 FSA2] ¢F 40%el|A 51%2] A=k Wazw
3 SEA) ulgle] WAooz of 14% HE9 A
Al AR 9EF e #AYE o Sk

olAte] AmpmNE| A} AL HIE o83l
MAE®] 34 WHHE T3l AMSshe 734l 4A
e Ak w4 A ow, FSAst Ao 2 39
F4 A%E FRME W A g

FLOWER
g MOBILE SUSIE
Performance G EN

FSA | 2742 dB| 3221 dB | 36.60 dB

PSNR SEA 2742 dB| 3221 dB | 3660 dB

3643
dB

FSA 100.0% 100.0% 100.0%

ALBMA| 2739 dB | 32.16 dB

Computational SEA 51.4% 44.8% 40.2%
complexity

ALBMA 28.8% 331% 322%

2. ot T% BR Yy Ymolsel 2ae
25 Ms

B AE Ay we X 2Y 4%
49 2R 345 9 420} PSNRY £24)
2330l AR ARG o43)e] Wl A
T upge] Aere) A (worst case)olde] AL
& 2 sl A dgel B§ Hie Wt
£ Afelms F wld AN HesE e @
Me3de] 4 B S wrae] o) W} w,e]
24,

Cors = & TN(Za+ 1) + 2TNE Q0,4+ 1)2
S @1)
— & T (2u,+1)? + 8TV

oF 2tk o] AL F A WA gl
A7l wh@ AAERS E 4o Jehiglch o] EE
A v, #oto] e AL T oulA Aol
Ao gaeddel o wel 24 /RN € ¢
Qlek zEeR, F WA gAML @gde] =
718 A3 el qic)

A Ao gAdge] 21w A
Hale], ¥F gy Heje}l 71 MAEER JHAe
syl #gel Az} Foi gk Aeld dAY &
F8 X 5o vEhliglel AE $A wEe 7)E
MAE® 7[x&= #4839 #¥o] Ak -31404 31
Aple] IhE ZH 4 AT, 2 3w AER )
Ae 953 vehigich o] BE Avaw
FLOWER GARDEN ¢4} % MOBILE <j4}e] 7
folle ME &2lql wejel 719 MAER 7w
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E 4. F 098 AN B4 Zr]of B 2o
7} Aated

Search area
size of AIX3 | 9X9 [I5X15({21x21|27x27|32%32
second path

Computational

12.6% | 18.8% | 31.3% | 50.1% | 75.1% | 100%
complexity

E 5 3F 34 Wels} 71& MAER 7 wd
9 #E8 A} 1A 3 Al EAR o

Civen area 1l 4T T ] 10 +10 | <13~ +13
FLOWER
67 B1% | 86 89% 1
GARDEN % % n%

Probebiliy | MOBILE|| 67% | 86% | 89% | 91% | 9%

SUSIE || 34% | G0% | 66% | &% n%

Avermge| 36% | 76% | 80% | ®3% 85%

¥ 6. W PSNR W AAtek vl

rsa | Popad| srss | 4Tss | TS

FLOWER || 27.42 | 27.13 | 2594 | 2065 | 4.19
CARDEN [ dB dB dB dB dB

32221 3215 | 3144 | 26830 | 002

MOBILE
PSNR dB dB dB dB | dB

3656 | 3618 | 3603 | .77 | M4
dB dB dB dB dB

FLOWER
100% | 16! 139% | 11, )
9% % | 1L1% | 37%
- onal MOBILLE (| 100% | 193% | 139% | 11.1% | 3.7%
complexity

SUSE | 100% | 17.7% | 139% | 111% | 3.7%

Averuge || 100% | 180% | 13.9% | 11.1% | 3.7%

WA 9] HEs A} 7ol +7 Al sl& M
o] 86% B 89%FA W ¥o] o7 Fafgich
SUSIE °34ke] Zg<le oi¢ Hug wAdg 71
I 9lemz, 2 $AAHAM MAEZ} {E 2ol§
vielilx] of7] o Fell AE 2 wEs) WA
g & o vk & 49 E SR SPHoz 4
Hug wgae] A58 Folel wel Aete] A
$2] Ao ot of AXT Uz, {F &
A HEer) gl el A ) e
€ FY Aol A& & 9 ok 2EE, A
T olAde Al Fiekal HE fa)9] o
El7l goda ol EX¢ A weide] T A
dAc 2] Gagge] AR 15XISE A
o},

3L AL dlelde ol% waAEdAe
MAE$ ©]4314 #A wyyelre] MAES 3
HHR T8 F, 4% Yol WAt waHAMT
I e Y= A Q0)lAst 3de] MAES]
A W7E MAE, R} A B g & s
Edll vz} gejaled, ¥ 4¢] uispd Hote] 749
313%<l wisje] ML Al Hag g} Ak
¢ ubge] AY 9 4 40 m#del ek B A
Ale: 9 PSNR& MPEG-1 SM3d] 91 s
TSSH =} Jong ¥o] AHEF 4TSS W 5TSS Hl
3} vzl E 6] JehAsich

TSS wh 2he wajodo] Ay gl
A uhovs wagdde] HAe wle} A w4 ¢
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Aellds] B4 @7} #HAr] il Adge =
A 'Y SlgAT 239 2y exlE vl A
27 Wk ol E 608RE] GJIY 4 gl
o] E2HE] TSS WL 3.7%%] vi$ A& Haek
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oA 1.8 dBE vi$- F4 %1 ¥ < gk =4,
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wixk STSS Wh§ Ay, 9 4TSS whle)
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1 . . ‘ N . . .
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o AR A HYE € 5 sk

ol7te] ZAstzRE AR WRie] A& ANFE
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