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Abstract

The motion estimation algorithm based block matching is a widely used in the international standards related to video
compression, such as the MPEG series and H.26x series. Full search algorithm(FA) ones of this block matching
algorithms is usually impractical because of the large number of computations required for large search region. Fast
search algorithms and conventional binary block matching algorithms reduce computational complexity and data
processing time but this algorithms have disadvantages that is less performance than full search algorithm. This paper
presents new Boolean matching algorithm, called BCBM(Bit Converted Boolean Matching). Proposed algorithm has
performance closed to the FA by Boolean only block matching that may be very efficiently implemented in hardware
for real time video communication. Simulation results show that the PSNR of the proposed algorithm is about 0.08dB
loss than FA but is about 0.96~2.02dB gain than fast search algorithm and conventional Boolean matching algorithm.

Key words @ Image compression, Video coding, Motion estimation, Block matching algorithm

1.4 2 S AA o HEsE £F A duFBMA
Block Matching Algorithm)o] 7} @] A&t B8 4
AAZ BT L EAlA #BAH 7]2e GAe &1 F FRIT FolM A9 B4 LIFEFSBMA : Full
= A7HA, B4, EAA FEAL 58802 AAsl:  Search BMA)E 7|F E5& B4gY Uo] XE FH 5
Folth, Yutd oz AHY R4 239 24 ¢ e I HHIHE WHOR Yol f53tal bt 53 Ao
st AAStE, T+ 2B DCT(Discrete Cosine  3=7F Hlal® hdste] st=sof F@o] &olsiti3]. 34
Transform), 884 ZEAHS dezy 2sskEntopy ¥ B 39l Ad A4 AdFe] FFste] AN A
coding)E AHEste] A AFTH1-2]. A &de] Aol ¥y & B4 43 F(FBMA :© Fast
E3] Zgq 7ho] GALS BES 3o} AolydRule M4 BMANR B9 U 48 &5 F JdrE sl 7
5’]—% 105-7_5,]"":] ?;‘—-%](Motion Estjmation){?_— _'i]_i}é_].o,] Og —%— &}'3]'7']]’]' 7]%%%9] 0431 §]’-{1\— = ?a]‘\:rl‘t\x_].'% B]il‘é}ﬂ UH“‘?:
SXFEN AP 2 }EBS AT dgs s o ANFE dF Y 5 UvH4-9 AR FH F4
$A9 2L BRuye 929 o} 1 ¢4 wee  (Local Minimum)ol W2 == glo] 9 g4 dae]Fo] vl
3 ol A AR st=go] FAA AI2rt B
AAE FAHE 2 Ao
Hole aeo] dBAA a2 #4A Hod e d

Sfax: 20044 54 252 AL ol = AMOE HY @ F UE duelEEol
S2UZL - 2004 68 24l ) Agrs 7 QleH10-121. ol 4k FmelFe) e o
dMel 3 coof =22 200dE HFHADE TN o qug 4 gowA Edlel Tl Lolstohe Aot
Xlgol 2siM =dH.

418



SHA gt L o|R 3} s AA A B2 HoHE Yo ¥
27 & dwo] FG H & YA dmelFol vlshe]
A QojAh wigs B =EME £39Y FAHE oA
Ao R FafatEA WY g 2H Jeg 21, =
ol FE2= ol At ¢ 23t BCBM (Bit
Converted Boolean Matching) <& Aleksich
BCBM /9] &% 2 MF Aust 49 4nEof 713 8
o] ¥ Ut G EAE ol &3 Lma|Foluh
BCBMS| E4& k9 o|X3 ¢ #HE g glo] J4te
A9 AEE 237 =E4g o83t IoHlER Wad &
XOR 4oz $AYE FACL wegr] A9 @ u& &
A dngFe AedAES Gt = ditez XEge
22X F2Y FAd 285 AXE 2 Ay £E2 ANE
= Qa, 71E9 oA it S 2 ud g gugE
TASE M = glh

5 A% ¢xAEL B W EE vt 22 £4
d HEE et 28] ojd ZHdoeiE A Z
Y £8 992 FAse WyoltH1 3] & Zgde od
% A7) £5(Block)22 Wi A 53 stz &)
BS54 /M AR £58 o)d e delA ol 1 &
o2 AAY 5SS Fdks ot a9 13} ol
NxNZ7I9 £50 e ZHAF Hd 23Y S8 W
st st s, -2 wikatd $3 0] shEstth n

ZHA dlolE AMFHe A7E QW +N)xQW +N)o|
"o
(N*N} block
in the current block
(i, §) N
N p—
od in th Vi block
(i+4jty) | N n the previous blocl
X
m (N*N) block under search
in the previous frame
1 Shifted by x, y
ag 1. 5 A ¢udFBMA)Y 7E
Fig. 1 Structure of Block Matching Algorithm
ojdl, w3l U AEE Whs: sFes:

MSE(Mean of Squared Error), MAD(Mean fo Absolute
Difference), SAD(Sum of Absolute Difference) 5°| 9=
o], Ate]l HH3t st=so] FHo| gold SADVF F=2
A8-dth,

MSE(x, )= b ﬁlﬁl[c(i,j, H—Plitx ity i=DI12 (1)

MADGx, ) ==k 32 3 Clj, 0= Rit x4 2. 1-D] ()

SADGx, )= 3y Rl H=Flitx iy, =Dl (3)

A, @, QAN CG D} Plitx, j+y,i—1)T
Z7k @A) zee) v1E BE9 24 oo ) F3 259
G, H A $1A9 g2 g Jelda 859 I37)E NxN

AAIZH HC|2 Saloll HEtE =2

olzl ALt e FH e ol

W
i

B A7

Ho
i

oty z¥]al &2 HEHE SADE AY JIFow AIRE
l SAD(x, y)7} A&7t D5 HE (g, y & A 2o T
d & 5 s

w w
V(x,y)= arg min 2, w ZWSAD(x, ) (4)

x=—W y=—
S gL o) apHe gl oo ] MAE UdYe] &
Mtz HogA B2 A dngFes 4e F U= 7t

Rul
o
=
ma
&
o
v
1o
N,
=N
e
i
K3
=
:o‘;",
>
L
12
of
=
e
fd
o
ajN
o

FPstEE  ew+1) 2 x| doigk § Alkte] Hastnz
Y HE £%7} m frame/secol & T Yol xHY
NNEEECR A As W 2] ddigt F Ae 2%
@QWH1) 2xpxmH FEEjo} Fr). VFEES AU}
Nx=N 32y o 2of izt § Ak 42 NxN iy
WA Azl § ANeR FAHEE A & g
W Aoigh & A ZHE (2W+ 1) 2 xnxomx N 2 ¥olTh

meta WG gA 7PEgA AQFHE & dAEe
3Q2W+1) 2xnxmxN 2o "o}, A9 24wy gz
o] @t FFE o] FHo] Lolslar Ak F2 Q) ¥
g L F YA e v 2 At Sobske
9 DAEHE B2 AN dide] AAzE Alaw o B
o]

o o @ alN rlo

ox
o
fu
-z
)
e
=
im
=
to
2
=
o
m _84
of
o=

L R )
d =4 dugFE EHIE o] #E ] Gl
& HERS FE30] Jag olnat & B UL 34
o}
=

RiD=b 2% 1 4b, 28 24+ 4b,2'+5,2" (5

el shgEt 2 4e) awel AW &g s @ o,
@ ZAQY e (G, )AA HEE A G)9) go] kulEm
A 5 otk HE FUQ IHL 4 HLE ekl k
HEe doleE FolA FUAF 9Ae MESUS Wby
WE o]7l Gagolch web 2+l Tidlo] W AYEE 2
= el kAhe] Bl Bl gael A4 @ & ddrh
BPM 9uelde =ag nezyel gusle a4 o
st o)7 meAYol A B HE TS Helsto] HE F
A FFE AYHT PRR FPo2 1Y FAS o
At 239 49 4F N1FS AE)H Lol kWA uE
Aol XOR A4k &2 ol&3tsich. mebr] BPMe 4
& % WA WES Adushoel wet 2 Bed F 9l
oh 2 EEAA $4Y 24 45 uu A 9 7}
A ARHEA A5 UE Ae 9F WA vE Zael o

AH k= T7)°]5}H10].
Cx) = 2 B bue if, 0O, (i x4y -1 (6)

H

419



Hx| ¢ X|sAAHEE =% 2004, Vol 14, No. 4

BPMY EA4e 22U Ao A4 o) J4E HE
ZYRlogRE utg Ay g oA F4E A
95 BrpHQl wWskn dibo] " ¢l 4bedite] otd
olx @xtoz &AUL FATL £ ke Aot wmebd
BPME st=9lo] Fdo| goldtn 1407 F3 & 5 3l
s AHEe 73 ek A9 Aol A9 gaiEgt of
Yt 1 gang go] Wojxl= dis A dH.

ol da gudgE: F AF FL£ AFE UsE
PCIPM (Pre coded Image Plane Matching)< 8H[E 18|
o] @l e oW Aol HYSEE HAE R33N F
2AQe FAsE duFolti12] HAMeE FEsie dd
Aol kA vES Gray codeE WE3 k7l HEE o|&3F
t. PCIPM %¢zElEe 22d FAL2 Q@) A
Broys Baz, 0, by, by} ol ASFE Gray codeE W
Zao1r Ep-2 ", B, &0 ol g3ty 27H|EZ BRI I
Fo) ojA fAxtoz FyFL 27wEY ¥53E= XOR &
Ao} xp7F A GAZY el 2HE £ YEF HAd
EE Zrleld R3gels F2E 19 29 2ol YEL Y &
k. a9 2= 0-255 1do] @lde] 8H|E FAE 27H|ER
R3ete oA £ Ao,

PCIPM ¢xgl&e H|E #HgE 8% g4 s 0~
1H)E #3rt Bk W DA Floje 2~38E ¥} o]Fof
AA geEM XOR A4t A2 A =g vepdct o
A Ase 7189 o1A8 dudFe st AT F 9l
o AR &4 ol Adglol ¥E WEE £yl WE
o XOR |4t A3} 2R #slth o4& §o] I 4 ghol
Z4z} “17sta “255” A AS MR 2 AE Uehiol Hed
"1170) ZEH 3 WA 47 3 ghe] 747 “167"H “126”
Q wE “17" 2950 238 ¢ E o4& £Ydt W
A ZkAaghe] 71ER)¢) wel v E o] o]Fo)AR] &) o
Bd Aol A9 g$ART HolF& & & Uk EF,
XOR @Ahg 27HER &3 sle] 8ok sty] Wi 3=
o] A4 71E9 BPM ¢xalE B} ¢ 2dsRs
@G3e 7P Aok

255
111 | 110 | o010 [ oco0g0
11 10 00 01 11
10 [ 1 [ o oo | 10 | 1 01 00
11] 10 [ 0o [ o1 11 10 [ oo [ o1 [11

10]11]01loo]10]11J01] ool 10] 11]01]00]10]11]01] 00

a8 2 8RE gAol 27H|E R 53
Fig. 2. 27 bits coded of 8 bits image

3.MEE old oy 2N I LRAE

B =RdNe 24 g guelF BPMS 45 Ad &
A A9 g4 2 pCIPMe] EREE AT & e A=
£ oA AN YuIFS At AHord dnFES AY
2ol 2 S o BPM - =]
ZE 2= Zo= BCBM(Bit Converted Boolean
Matching)el2tn Hwsgdok Mz BCBM 2A4Y 3
S Ee 2568 BAgs XY F U gHE T4

420

1
o
o

9 quEd 7MY BE ¥ ArIt TFHAHE
o]-g-3tr}.

79 38 "Stefan” G4l @ 8749 W= BAY J¥E
Jeln Qed, G AAA g8e 9l v 2d
ol £ Hof Yee & F Uk H9 ME FaAAel=
dake) AMT Burk T] 9o} el fke Hob B
571 Qo web moh £ 249 FHE 7] 95
A Bkl NE BelQ) FEHT 3gel &3 us AR
ARE BAo] Egetm gt 49 HE FAY GHES ol

g3t o] waHolhe A& & & Yk oll@ el
3¢ olgsted AL BCBM LnalzL Telol A4 3
& wASE N ol 49l 40ES At

() 4% HlE

(@ 394 ME () 284 BE () 1A HE
a7 3. 879 HE Zd¥Qd d4
Fig. 3 Eight bit-plane images

BCBM®| $3%! $4€ 19 49 o] o7 943t &
dope] 49 4P| IS ER W 3 Th oW ALHXOR)
oz seuEn.

Current frame Previous frame

Converted
4bit into 15bit

Converted
4bit into 15bit

15 bit XOR operation

SUM & Comparison

Motion Vector

a2l 4 A<t BCBM ¢xgls 7%
Fig. 4. Structure of proposed BCBM algorithm



HIE HES WAool zojd mel 1HENA H 168 E
MR @FeHA skEh ol %3k T4 Tholl= 1W|Ee W3}
A st | Agle HA ele A g bl w3}
7} o] FolR A stich ol A g de] A9 4N EE 15
HER W32 ¥ 17 ol Yeld & Utk #F 1904
by 1~ by & Tdo] Ad FA9 49 4HEZ oJu]s)
9,0 E= 1Y o)W & ALy I~1 = H3g 15
HEZ epdr)

¥ 1. v E #3

— 1L

Table 1. Bit convertion

Output
114.113.112,“',12,11,10
000000000000000
000000000000001
000000000000011
0000000000001 1
000000000001
000000000011
0000000001
0000000011
000000011
00000011

—
=}
]
e
=3
>
.
|

b= = = OO OO ==~ |~ oo ||

L Ll Ll Ll [ Tl el Y Fl Fenll Fan 'l D)l Farll Fenll Rl )| PO

= OO |olo == |lo|lo|—|—ic|o
[aalif =l Ll Lol el ol fen dl Ll Sanll Dol fend) Dol el Foo enl
e [t f= e = | = =

== = = s s e [ D= =

el Ll L G [ Y R T R R Y T

e e N N T S T (Y =y UV JE S

el e i e e S LY N N N T I

[l Ll L i L e e el U el L e L

1
1
1
1
1
1
1

ado] #Hdl P e 4HEE IGYER WEsle B
18 =040 XY 8 A3 Bol Uerd + Aok
Ly=b, 1+ by gt bpgtb,y
Iy =bp g+ bpptb,y
Io=(by 1+ by )t (byge by
Iy=b, 1+ by
Ii=by by g (b3t b,y
Is=b, 1+ (by-g* bys)
Te=b, 1+ (byg* byog* byy)
Io=b,, (7)
Tg=by " (bpogt bzt by
Tg=by 1 (bpgt b4y

T g=0b4 1 (bpogt (bp—3* bs=y))
ITy=br by

Tp=(bsy* by (bygt b,y
Tyy3=1b, 1 bpz* b3
Ty=b, 1*bpg bry® byy

BCBM %i@lZe W@ ISME dolHEs olgad
XOR 940 A% BEE SHa dtv, 28 ez
XOR @4Hg shed 0|15 ‘19l 471 7bg Me West 3%
29 WEt Bt oW FYL Yoz EASHW 4B,
©, (10)% k.

AAIZE HITI Salol MEH MEZR of

A

(o)

2t
e

23 g = g2z

o

of

1]
o
R
Sy

W

M=
2

i

Mx,y) = [1o(s 7, DD I(itx, j+y, t—1)]

I
-

J

'z,
k-

+ LG 5, 081Gt x, j+y, t=1)] ®)

i
i

M=

i

N H
+ ;[114(1', LD I+« j+y, t— 1]

1

—

4@ A gestel BA s Q)% ol Uehas
e,

M(x,y) = i:b mZZI ﬁl[l,(m,n,t)®11(m+x, n+y,t—1D1 (9)

29E o83l HAY A=E SAHS T, HF 23U W
He A10)& ol g8l A4stA Hrt
W w

V(x,y) = arg min FZW :ZWM(x, ¥) (10)

Aok gmelZe B4 B4 W97t 371 B4E Au
o FFATHE A A AT T Fhol WA Ak
of Wolxx segel FHol| oful n& TA A Fe)
WAHE old A gFos AMsch Teia W o of
A3 HgoNA Hole] Sao] Bob $4Y 4 4ol @

AL 1E oA A FuelZY BHS $4Y ARE Yol
2P e A

4. 2olME U N5 B4

A

2
23
oft

Zdol A 7 wE RS 1d4 w4 guelFoin
7} 1159 ) n& WA RuEe) AMFE xo
MOPS(Mega operations per second)2 7174 k&

A S5l SR Aol Al WelAlw sh=glo]
A A7 B @RS 7B gleh vkl Agk
M %22 E o]z Aoz Aqaslr] wjZe] A
olM= 1 B YuEET BAT sugo] T
olgte] m& Palo] FHF HL2 dolHE MY &

=
o

ioogl
Hu»—tﬂi
=

ok
>

(o3
9
£ oo (B

¥0 — |

¥ eBt o pit 4 S 0@ o
o -
')
0

[«

-

d 229 4 d3eEe 4% 4L CIF 99
"Bus”, "Stefan”, "Foreman”, "Carphon”, "Weather” =
100ZH QP& AFE3tS st RoAd A &
A9 32 16x16 WlaZ EEUYE Fgloy, g4499
ol ANE 9 7 wgko g 7217} -1544 +152 stgoh
BCBM ¢3e|Fe 452 A &4 duz|&(FS), 14 &
A A2 E(TSS : Three Step Search, DS : Diamond
Search) 2 o7 A4t &u2]&(BPM, PCIPM)# ¥ #4
39d. A% #H7= MSE (Mean Square Error) %
PSNR(Peak to Signal to Noise Ratio)& ©|&3tsith

P

N
Hox x

LY oR

14 H
MSE = # 3 R = RGAY? 1D
PSNR = 10 log 10[72%] (12)

A(11), (12)9l A g9 A7 V= HY FA2 352x288
ol €t} 18ly I, RS 7t g ae B gA4e ouls)
o ke 349 HESE HE SHEZ THITL

421



x|

38 I

PSNR

23 |

20

422

2 X|sAl2a=H &S =2Z] 2004, Vol. 14, No. 4

—+—FSA -»-TSS -=—DA —-—Proposed)

1 1 21 31 41 51 61 71 81 91
Frame Sequence

(@ 39 % 2% 4 dugEd) vu

—e—7th BPM  —a—PCPM  —a=Proposed &

1 11 21 a1 41 51 61 7 8t 81
Frame Sequence

(b) 71& oz G4 ¢S4 vl
32 5 "Bus” g4l i3k PSNR
Fig. 5. PSNR for "Bus” video sequence

——FSA —-8a-TSS —=—DA —&—P!ODOSSU[

23 59 62 47 "Bus"® "Foreman” @Aro] ojdh 29
AgAsgol|r). a7 5, 694 B Hist o] BCBM &g
9 5ol AQ @A 7 2AstL 14 g dueE
2 o il dxElE BuiE s #9% 4 ok
BCBMY %54 © AsHA EAM81719938te o] 7}A) 9
BAES o183t A¥LS FYsict 4 A3 3k MSE
¢} PSNRE 2+2F 8 2¢} 3¢ Ueliic)

E 294 Hd MSEE 67149 94l tigk MSES] B
< gt deizt 78 &L QuEEe HF MSEZG
119282 A9 w4 dugF(FSA)o|Yth BCBMS HF
el7t 120442 & g 4372 &(TSS, DS) € o|d o
2t @318 Z(BPM, PCIPM) Bt} 162~457% A= <7}
A velgoer A9 galo 7 243e gt

®2 49 v g4 dE B MSE
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Weather | 39.11 | 38.79 | 38.96 | 37.85 | 3862 | 39.07
#F PSNR| 30.22 | 29.18 | 20.07 | 28.12 | 29.40 | 30.14
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