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ABSTRACT

For the mmprovement of coding efficiency, the H.264 standard uses new coding tools such as VBS, 1f4-pel
accurate ME, multiple references, mitra prediction, loop filter, etc Using these coding tools, H.264 has achieved
sigmificant improvements from rate-distortion pomt of view compared to existing standards However, the encoder
complexity is greatly increased due to these coding tools We focus on the complexity reduction method of MB
mode selection Among all modes which can be selected, 8<8 and mtra 4x4 mode have higher complexity than
the others So we propose the methods for reduction of the 8x8 and mtra 4x4 mode complexity by using
information of other modes with relatively low complexity. Simulation results show that the proposed methods
save up to 54 6% of total encoding time while keeping the average decrease about 0.012dB m PSNR

I.ME
H264/AVC ZTFEL ITU-TS VCEG (Video
Coding Experts Grouwp)® ISO/IEC®] MPEG

{Moving Picture Expert Group)d] 2% ztdez x|
A=l H264/AVC BlT]e 258 wale o)A
Y ®Ye R3E3 EFE(MPEG2, MPEG4 Par2,
H263)ol= iRl A2 B33l 2750 Srl=Eige

o, olg|§l EPES H264 ¥-33 FFo] o)A
te wEsh ¥Ew Wlmslel noh ¥ YHES
ZH sdck AEA R 233 =TES s
Aol thgst 2o

g HE W oE . H2640ME 4xa 299
Ae WEe fasle), L) BEr) Aole) 17
ZhMismatch) A7} AR oberh ole 8x8 ©
2]9] olaled e Discrete Cosme Transform)2 A}

* Ghofidle AAlEAAuEE) odakAe] 2 AlsAe] 74 (kimdh@ece hanyang ac ki)

*+ ghoffialn AR PAEE THY (jeong @ece hanyang ac k)
I KICS2004-11-272, 4=l 20041 119 109

¥ B ERe RSN FAFe s U IT SoC YYHAULPAAY A=V

Copyright (C) 2005 NuriMedia Co., Ltd.

61

www.dbpia.co.kr



B4 3= A "05-1 Vol 30 No IC

Sgrozn FFr|el BEr] Aolere] £Ag FA
g 7R T o4 712e] o8] wide yas #EES
vl ol w3l ojmEhEe] qlEe} 16x16 RE2
Adgl 79 waps 9]l 4x4 HIEES DOt
E& o} 8 sclol=(Hadamard Transform) H3
S EH, ot AFH  H¥(Herarchical
Transform)& a4 Eo}h & 4HEES viehdo
=3 H26400x42) kARl sfelelel= ofals} dlole
£ JlR7e el Qd9A(ndex) AHSEH 0-51
74 s22Ae] e s ol 29 =27
(Quantization Step Size)= YAI3}F He}rlert oAl
A Z7Rle dEl £ ez 7RI

dEZH BF3} . H264olre T2l gz}
F 7Y AERs] nEs] ubig AEI A |
A dezs) 253 s)ge A3 ALE A g
2] AldX(Syntax)E wlolelel A wi=} shie]
Feg)=(Codeword) glo]&& HE ¥
EGC(Exponential Golomb Code)E ¥-33} 3tz, W
FATE olv] ¥53 B 1 E5ES FAHL of%
3= CAVLC(Context Adapunve Vanable Length
Coding)2 &3} sh= whgelrt F wWde] ==
7 353 7L 718 A Fash uiale] e
E nda)(Context Modelmg)2 1oz 21
A B(Symbol) TE F¥ mdEL HeHoew Ads
= uked EGCS CAVLCE oldshs dE=S]
2531 Al wlEl e B3AES BRIAY 5-15%
9] v|=g F4oE37) glch

FI gy 5 7k £ 9 2 Hg 1
22 A3 7] §5r) A B olHE 71
oAt 223} ¥ KBlocking Artifact)S i)
H264 |21’ £53 P41 283 7xle 94
SE5 o 2535 A3 A el F= ZElS ARgs
o] BE3} AL AAML ole 53 9 E53)
A= E5Al FAE](Post-Processing) ] 3L F
A 23 FPE AAsls 71E2] S5 EEE
3} wlarslc}

olEs} o2 ¥ ¥ H264 Y53 7|E-E 2
ooil]e] Qlee} <& K53} AP TP F3
e ¢l& ¥&3} ubale 35 (Luminance) 32 7
$ 16x1627] H 4x437]2 R, 72} 4719}
97FAe] FZhe] Wk areld <R CE A
I 9%, AAHChrominance) 8L 16x16 7)Y
AR e Y dE3RsE JRRE Yok
3= AR oig gAY 16x16 Z7)2} 4x4
=Zr1el QlER) &L oA Higl dd¥at opy

62
Copyright (C) 2005 NuriMedia Co., Ltd.

27t °d<d(Spahal Domain)ellx1e] <lEz} o] B3
3} urAle Wil o (Transform Domain)elld 3=
g Az} Ago] oigh QEs} & REsE flshe
MPEG-42] &3} vl

o FF g4 B e 3 wee) SFY 2.
H2640l4e Zx AR o] g o=
el mHde Atk oleldt oy Az o4l
A2 wie] FE oJavkg AMshe 7Sl wis] 1
t} F2 4% EES 7IAA e, 53] uhEA]l o
Aol tlZ Al s 7lEA slclr) vehd 39
o] #3535 el oS FoA 4ed Bld =
3 H26aoH e Bl AEE $HY S Hs =
ZHInterpolation) 71%9-& olgsle] 14 FHa 2
SAYE FAHL oo 12 Ao B WA F =
6% HE|E ARR3e, 14 3 H9e] Bz whEe
#18 Be|(Bilinear Filted 3 AH3c)

ciofRt BEzr]e £ 4 - H2sdollxe &
29| 37|18 clEbsle] 16x16, 16%8, 8x16, 8x8,
8x4, 4x8, 4x428] 712 Y-S FHYeL ole 7]
Zd] 16x16 W 8x8 Ir|Et UL ¥AR
H263 ¥ MPEG-4 71&3} dinj€dch oiekgt =714
EE cig], B3] §x8 -2 =E£-2(Sub Macroblock)
o]3l2] F7|al 8x4, 4x8, 4x4 BHE =r|9 =9
FAL Brl 423 g4 Ao E %2 kS 5E
£ 71 4 9lA gl

3 yelz 243 =HEQyd= YE3HAdaptive
FramefField Coding) % NAL(Network Abstraction
Layen) 5] ¥-%3} =7-50] F7HEglct <18 AF
A 1R Y38 =75 H24 453 #250] ¢f
Ao o F9Ad 33l EF S v B} =2
& 5EE 71 4 oA ok oAl AR Fx =
glde] Apga) 32 shie] 39 24 995 AHgs}
o Hql Zeddz s & Ay H2ed EES
MPEG-28} ulwsled <F 48-78%7F212] W ES Zhs
37} vz geiA el SR viEg 7k &
el vlBe} 3718 Balxis Al Eeliich &
3] Qo) Frhe 2ad T7E F o ar 44
of ARe- 2 pazkt 999 SR FT ekt &
£ 7)o ¥t &-slF(Rate-Distortion) FFiell42)
H4E AXE 2 vlae $57) B3tk e 2
£3le] el

AATE H264 ¥33te] ARE 48 2&2719 &
A% 7ol W e H264 £33 EFo] AA
H ol Aoz dFEel gt} Peng 5 43

@ v T-

—

www.dbpia.co.kr



E=E/H264004 8 w viiaREE v Ay gmelF

719 B ZAE $sld 7 R dnslEE Alg
s R HAE 2449l vz wuidy
< 3% dzlgosA P =dY W st b=
BZo| 7} 4 9l m=gl SKIP, 16%16, 16x8,
8x163} F-rjze2E2e] 71 4 gl REal 8x8,
8x4, 4x8, 4x4 22X 16x16 7] Y 4x4 F719]
7 W &S 93 alER RE Foj4 glEst B
=£ A¢g SKIP~4x47FA2) vlm2 B8 e 7
& AL 93] SKIP, 16716, 8x8, 4x48] wlz2E-
5 Zoo) OiFt ulE(Cost) S ojE3l A wj=z2%
E 2o AXldR-E FAgGesd Riv|e B3
Z 72 23 2288 v 2 SKIP LT
A FEAE FoEy dzREE weol Y S
AL B vEEY] e FHag sch A==}
R RF9e A ALE R Hlge] dA
ool AR FolAcE Aoz <lEz
nzol Ak =g FaAged =3 Pengd A3
4 w91e £ e Bl 4L ARE 125k
D 143k 399 XY e AR Es ad
A FHE A% daelES Alklsld 330 &
A=E ZF4slgdtt Huang 52 ol 3 =sd$
AHg3ls H2649) 333 439 B4=g £0)7] 9
# ol 3 =HdellAe] A A B AEF o
&S i ozl ARE o83l e Iz ZdYd
o] AMgedRE Al daEEs Al
10%~67%7] 4 442k 74 &35 71H
$P AhmadS& Y 3DRS(BD  Recursive
Search)Z AMS3}] da2EE mog 34 44 7
e Akt o198l vlmadEs) oy Y
W] 22 g sle aRdsy me g9 A7
£29) Wee] vl4(Cost)S ol&3le] WA vz =2E
9 2o o zH HA ¥uF Ae 4
30% FFA2Algch ST BEEE Hd 15%7A] F
7¥stsict

E =52 p ZHQ WY jazEs zo A4s)
Aell 3ol HddFez JE BT E 7 16%16,
16x8 & 8x16 =Z7|o 34 FA R s &
zle] wlE] W]4{MVcost) ¥ FE Zd wlL
(REFcost)& AREsle] Rmjazise] ¥os 39
o} A slsg vlagEEe v Sy »
=2 AR H FojaRiEe] neg A
o A=l &9 8] 85p(REFcost) 2] A4kl
E A2A7 3, gd o 33019 B3ked A
7le dzeEES ARl =T P =Y Wy t=
2EE o 3 QE 44 ¥EE 99 ¥4 &

Copyright (C) 2005 NuriMedia Co., Ltd.

HollA] Abal Aol glE =R} 16x16 BE=e]
- vjge R d&gozy ol wid Allske
29 = e duEd A’

=5 A 28 Fx AZEHCIOM 8.4)¢l
A8 dizasE re Ald daelEed Hsid Zle
2 3@ ME R4 Agdste FrlzziE B
Fe i dxElE 2 =Rl 4x4 m=9] Alile
e GaElEs Z)Edel 489X 8719 QCIF=
19 daE Afzel e Ajbsle daElEs
Hgsre gy <dwe]EHe] E484E Helw vAPY
o4 AEL der}

I. H.264/AVCUGAM HAZES B0 ey

e

H264/AVC ¥531 oAelx 1 Zed Wje] viz
ZHEZS qlEd) 16x16 == QlER} 4x4 REE A
=g S glty ¥bE p =HY Ule vWaRiEs &
o okt e siXed], A9 et BEEs
16x16, 16x8, 8x16, 8x8 E=r} g9low, gxg =7
& e PlERiE vue oA] 8x4, 4x8, 4x4
2] B E v ¢k =% 1 =9 JiY
z28E neegl B 16x163 Q1EL} 4x4 B
= A9 giiteld] F7ked sKIP neg A &
stk wEbd poEH9 WY sm2EE2 SKIP,
16x16, 16x8, 8x16, 8x8 ®= I NE] 16x16 L
2l glesl 4x4 e PO Adgcl b4 FlE
(Eoaby3t vl 7o) 8x§ H7)|E ZheE YrlEREER
L2 gx4, 4x8, 4x42] EE 7|2 o} AL g7
uFe] P =AY Yo dz=E2e 1~16717k9
4 HEE 7P 4 9l

-9 HAF o] AHEE AS, z2ES
mro] dude zE Hd sledt wro] vjiggaE
Azl i v]EE 7RRE 2eg AddEed
olu ARGEN= vlE3trl Sl w]E Jpoltt
H264= olaiil oot vlz283 neel g4
va3tre] A2 B} 28 4% 28E =l
AR o2 <t R Fvle FI7|Y H2=
ek

1 DIE2ES 2ce| Ao

P Z#Hg] U] wlZ2EE muE Felld 16x16,
16x8, 8x16, 8x8, SKIP Wel A@pHE =g
A3+ mzoln] ZFRS Model, Mode2, Mode3,
Mode8, SKIP R==2 A2ghck 22|37 Modes W2l

63

www.dbpia.co.kr



- EA 8 = EA] 05-1 Vol 30 No IC

Fojazgge] A 7153 8x8, 8x4, 4x8, 4x4
2o 2k7b Moded, Mode5, Mode6, Mode72 A9
gl wil ez} 16x16 W QED} 4x4 BT F
7rdddlae] &5 9 2x24 [16MB, [4MB
2c2 Aot

1.1 AMtgt oE2 ¢8 5288 2=

Alulsl & 3 W2 RE 2o Model,
Mode2, Mode3, Mode8, SKIPo] glon] toj=zad
Z p == Moded, ModeS, Mode6, Mode7<i 2tk
Y B8 2ok ¥ 15 Z

Sup | Sub
MBQ | MR
0P
Sub | Sub
MB2 | MB3
Mode 1 Mode 7 Mode 3 Mods 3 SKIP
Sub
ME |
Wods 4 Mode § Sods & Mo 7 Mode 8(4.3,67}

37 1 Al &g SR 22 8E 2o g
Frl22EE 2n
Fig. 1 MB and subMB modes for temporal prediction

28 1914 Model, Mode2, Mode3, Mode, SKIP
2 16x162719] via=24E-& vehz, Modes?] 7
4 oA gxgzrle] ¥z EEoR e,
o] Rz 2 88 T Moded~Mode7 oA A&
2 £ Uk olg e Wi22EF W9 4709 ¥~
fagds res 4o Adyd

Mode8(SubMB0, SubMBI, SubMB2, SubMB3)

1
~ModeS(4ISI617, 451617, 451617, 45167)

A ()2 4708 Xz EBE RoE 2he Moded
o] oo, @56y EHL 77 iz E
2e] mrl Moded4~Mode? Folldl A9 7FsdhE
vehdicl 23 19 s 2EF s a3
Mode8 2] 7t ¥-o| 22820 247} Moded, Mode5,
Mode6, Mode70| AW® 73¢e] waz8E wokd
eldie), olol oiZF =42 -2 A (2)9) 3] A
o)l

Mode8(SubMBO, SubMBI, SubMB2, SubMB3)
= Mode8(4, 5, 6, 7) @

Model®d] 7% shle] 34 HHTs 1A
16x16 2719 &5 22 e FAN, 94

64
Copyright (C) 2005 NuriMedia Co., Ltd.

o] gk 4o 9w ddeld E&Hq nes|t
Mode2= F7H2] 16x827)9] 2= 9L
ZAsd, o] AL Fole] 249 HEE Zeth o]
= a2z gE did slZaieke] Ayl A3 e A
£ Z8Aq] 2eolck Mode32 F749] 8x16 =]
HEoelg 2298 A, Mode22l A+ F
b Tl 29 Wl g e o= daze
2 ol 4Art A2 ke A e A £
Hel z=olt}h Mode8d] 3 He9] sl v
A2 EFe] Ad wod da) delA o 416709 §
Al ML AR S glw AEE oA gl &
£7¢l REojr} SKIP ¥=9 3¢ iz2dse] &
A He7l 42 A Hejs] Fdsie sl
o227} 3] AL AL Aded £ gled, o
228F Ruy) SKIPe] A A$ F37)e W=z
2EE29] menks Ao}

12 ZzhdcolMel oixe ¢Et HE=ES BS

2R3N dEe AR A2 mEele
116MB, MMB7} 3le0] Ztzte} 22 moke 1 2
s} e}

1

|

|

\

|
115MB Mg

o 2 Fagee] oA 58 116MB ¥ 14MB

e A5s}

Fig 2 Block partinons of I16MB and [4MB modes for

spatial prediction

a3 261 116MB 2=2] 3% 16x16 2719 o)
I2EFS A T U A3 ke «l%g
#alsin, 4MBQ) 7% 4x4 =Z7|2] IR 9v)A|9)
Z U A% wges d2e sYgess €2 2
g Akl 19 33 a9 4% [16MB ¥ 14MB
o 32 W o2 e 2T

H H H

N

| = ? | !
| .

1
viill - 1 v Mean{HeV) | |V
-

|

Vertlcal{D) Horizontal(1) DC(Z) Plane{3)

02 3 NSMBEEA] 4714} 7 &l 22
Fig 3 Four predicion modes of 116MB

www.dbpia.co.kr



TE/H2649049) 7 a2 RE v My gy

WlAaTa CID[EIFIGH; [M[AFE[CID[E]F [GfH] {MIA]BIC[C[EfF[G]N]
| [ !

7 7 [I] wean

K K K| A-01-4

T T N

Oreciction Mode 0 Predicton Mode | Predsction Mode 2
MTATBICTO e it 1G]] [M]AE[CIETET- [GIH] [M[A[BIC]D[E[F]G[R
I 1 ITNNNN

J J J

[ K X

L L L

Pradiction Made 2 Prediction kooe 4 Pregiclon Mode &
wmialaiclole]# o] [M[ATR[CICTETF]GIH] [M]ATBICBEIF [G[H]
T T [

J J J

K K K

C CH ¥V v

Prediction KMode 6 Pregiction Mode 7 Predichon Mode 8

38 4 1MB REs4Y 97k 213 oS 2=
Fig 4 Nme prediction modes of 4MB

[16MB ® HMMB2] & ulskel si4 2 o3&
s B89 =272 zeisid, MMBY BAl=s)
I6MBe ®ls] Adider Fole 2L #5 & 5
qicl,

2 JM(Joint Model)olre] o322 e
A1y

&A 71€7 viel 7ol P =AY W9 dlazEE
< AEES AE-E 9% s7iRY FlaREE re
(SKIP, Model, Mode2, Mode3, Mode8) % 27} o
5 H3 271419 Y22 EE R =(116MB, 14MB)
= 3g Addgld A Azegels nmzEE9)
2e=g A=Er] et 99 v]43MVeost),
Fha =) v]43(REFcost) 12|32 $-9F Hlg
FF(RDcost) S AR5t}

MVeosi=WerghtedCost(fmvbus[(cx< <s)-px)]
+mvbitsf(cy>>s)-py] (3)
where,f=lambda factor

£ el BlERE A @)% 2 W,
or 2 oyl WA 2L £9Y WS e
3, s $3Y Hele] Fold) e hehie, px
2 pE 59 $9Y uEHE ek
WeightedCost 4% f & A3kl 449 g
s oxte HEstel AMgHE WEDE b ¢
o} ul4 gg I

REFcost=WeightedCost(f, refbuts(ref))

where, f: lambda factor @

Iz =Y vl e A el A o7)4A
refe AR Fx =ede 7llFv, WeaghtedCost

SE fEHE ARESl] A9 gmady g RE
3 shiul Uat wlESE dSE Wo} Wlg ke
BT QUL F9Y e Hlgel Hae] o)
% A ge 2=

RDCost=Dustortion+lambda> Rate {5)

-5 88 e A )4 2ok 4T Ay
7ol AHEe AT 93 ¥g e
Mode8 We| Fvlz2E8 mee] A 9 A4 of
ATLE 2z 2F A9 A AEEA o)Fe] F
H-g5pel| His) AR w2 FREE Pt
2} 5)9] f3Distortion) 2 7t WlHEEE RS
olrde] SNRS gre s A 4 glom &
(Rate) T2 W=2EI 2337t Tuke Algedal
9] 455 ¥)EY(bitstream)] W] EE-S viebdich

-9 HA43 71§0] AMgEle A FE ATE
o= e Al kA BA3Ea-E ol iale ohgwt 2
< 242 ZREE =5 AP}

Step 1. Model, Mode2, Mode3ol] i3t 2= =y
Y A9 ¥E 27
DUNAIE (Mycost(Mode 1)+REFcost(Mode 1))

ref, mv
where, 1=1,2,3

©®

Step 2. Mode§ o] ¥-uimz2EE 3l m= A
)

Step 21 A WA FojaRbEe dig dx ZF
o 2 =l we 23

minarg
ref, my (MVcost(Mode 1)+REFcost(Mode 1))

)]
where, 1=4,5,6,7
Step 2.2 A WA Poiz2ERe] Re AW
SubMB Mode ®)
=min{RDcost{Mode4, Mode5,Mode6, Mode7))
Step 23 Ak 3R EEe] oSl Step
2.1~Step 22 HkE-
Step 3 HE Wz EE 7 A
MB Mode
=Min(RDcost(SKIP,Model~Mode3 %
.Mode8 I16MB,I4MB)
65

Copyright (C) 2005 NuriMedia Co., Ltd.

www.dbpia.co.kr



2183 =F2] 05-1 Vol 30 No IC

A 83 A 954 RDeost(A,B,C)¢] B-(FED)+
thest 2 &g Aok

RDcost(A,B,C)

=(RDcost(A),RDcost(B), RDcost(C)) (10)

Step 194 Model, Mode2, Mode3 Ztzboll eis)
A, 4 we] v]d3) 2= zdY ulde ¥ 3
22 shs 2AY HEg) Az 2 7RI} Siep
2+ Mode$ W9 P-ojz2 i) gt e Ajdls
AL el Step 2.1904e A HA Lolazd
Foll dald Moded4FE] Mode7742] Zzte] . =
gl 2 gxy WelE gz =AY ugar 239
wE] u]g5kee gl 3wl HEE Adugd olf
7 mee Alu® gz zwolzt g9 wlEje] o
g 95 vigg FEm ol Has e meE
Addgio 24 shie] Fofz2EF porl 490
o} FAo] Step 220t} Folgle Al Ale} F-elz22
H2o A Step 2.17} Step 229 FHAHE
e 24 Mode8 W2 vl 7j2) Fvjazis moE
Adg 4 glcl Sep 29 #R7EA| Modes W F-vf
ZZEEES 5t Model, Mode2, Mode3s] 3
Z =AY A Hert A=, o] & olkelo
Step 3ol o]E2] -9 w43 P SKIP ¥
274 &2 4 PzzEE ®c=l 116MB,
MMBS] &2 F u]3-8 wlwskd 2 gg Hiz sl
= 2REE mod ddo s HFHed sy
9] iz2EE wer}l AL

. mghts gxrlE

1. Mode82| B%IF 24 ¢elE

Fz Lzegelois rjz2EE v FAHYas
dME B 4 giRe] Ak &2 93t 5719 o)
IAZEF LE 5 Mode§Z W] 47kx] X =0 H
3 8 FAEE 7R ol 234 W v A
A g =z ulg ARe A
Model-Mode3 ¥ Mode8ell ZEXo2 EFER|T,
Mode8®] 74 ] 79} hvim22ES vcg B3
71 9l Model-Mode3dle gie H-uiz=8=E <14
o) &% w8 e AXEAE 163 E3Rl] o
Tolek ol CIF &7)9] 94 7%, ModesS
Model~Mode3el] ¥]a) =Zaly) o 6,3363]8) F714
Q AR Eg 298] ST ulagr AR

Az,

66
Copyright (C) 2005 NuriMedia Co., Ltd.

S FIFE ouidich wepy Addide=s 22 23t
EE 7R Mode8 ] Al fhies A X330
Hakge] & 9ig 0ld = ok

Mode8s] SAIE AAF Y Altshs da=lse
a2 dEe] e Wik ael e o §-siF
vlge =277} gE Fv) w2v @F jhkihe 7l
A EFel 29 s rladal @ Al oig
B2 AR AL e, A an 2 4 12)=
-3 ulge] R Frt 9 @R AAE 43 ¥
Zelct

(a)

= =

)
O 5 B AEE 3 (@) 7] 82 AE58 o)
A 2ulake] BB A3t
Fig & Inter MB parnuions (a) MB partiuons in horizontal
(b) MB partinons in vertical

RDcost{Model) = RDcost{Mode2j

= RDcost{Mode8(4|5))
RDcost{Model) = RDcost{Mode3)

= RDcost{Mode8(4)6))

(1

(12

Al DA Mode8(4l5)2) FEAL A5 -
2222 ¥o7} Moded$t ModeSE TS &v|
3, 4] (12)%] Mode8(d(6) G4 Airedt Hri=
2EZ wrrl Modeddt Mode6.2.2 §131%-2 ojmid}
k.

Az =7 3 R 7hae] FFRL vl Mode2d]
4% vl8e] Model®] &9 wlgnc} ol
ol viaEEEe] slEMigke g Jde] o oz}
&9 v o] R 9)3-& viehiie] wiely s}
Byjekogol FolAql Alst o] A3 &n
3}, wb Mode29] &-9F ¥l8o] Modeld] -9
5 vlfch Fou ol riEnske ge] ZrlRql
B2 423 Aeld Model 2ok H& §-sh3 vl g
& AdE 5 98 Yuigch Asaike) B 4
FEHE Yehlls 4] (12)8] ASeldx oje} 322 7}
A& A4}

www.dbpia.co.kr



EE/HBde A 24 3z EE v e Ald guels

o]Ht 71 3ol ModeB2] BAE 3H4E $1§ A
e dwElEe ohist e So g S

Step 1. Model~Mode3oll W&t Jnoe 74t B 3¢
e, 3z ZY A9

minarg -
ref, ma (T node=MVeost(Moder)
+REFcost{Moder)) (13)

where, 1=1,2,3

Step 2 Jooae %1% THAHIWE E¥F Modese] Al
Ao

case 1 If Jmowr < Jumodez and Jmoder < Jmodes

then Mode8(SKIP)

case 2. If Joozer > Jmodez and Jmoder < Jrodes
then Mode8(4}5)

case 3. If Jooder < Jmodez and Juoder ® Jmodes
then Mode8(4}6)

case 4. If Jwoges > Juodez Gnd Jpoder > Jpodes

then Mode8(4(516|7)
Step 3. % v|z2E2 mr 9

case 1
min{RDcost(SKIP,Model,I16MB,I14MB)
case 2
min{RDcost(SKIP, Mode2, Mode8(4|5)

(4

(15

,J{16MB,I4MB)
case 3.
mn(RDcost{SKIF, Mode 3, Mode8(4|6)
,J16MB,I4MB) 19
case 4

mn{RDcost(SKIP, mm Mode{TuosezJmodes)

Mode8(4\5|6|7),116MB, I4MB) an

Aekehs okwE]5L Mode8? AlAle A2 414
Model~Mode32] H[SE-& Al43la, old A=
v-E AdEez oo Balerhs e 2q) wul
Bl vlE- 2 A= =9l v8-8 ARR

Step 1914 Model~Mode3el thg £x9} 34
v 22y vee 3 YeME TuedE
Aiksly, Model~Mode3 ZEdell sl 1T
= ks $39) We 2 Az z=dds 7l

Step 2= A FE Model~Mode3 2] J...8k] ¥l
TE ZH 4 7Y MR ThE Mode8d] AgEE A
2|t case 12 ZEEHPgkoE AEsE vzzE2
2 Jma BT AEHPEESR AE3E djlzndEl
Tnwaefke] 25 16x16 27| ZZEZ| Jnufhich
T A¥EA, o] Ate R = A2yEen o
olabel AEE FAo] I ¢ H$oluh ulehy
Mode8?| 22]4] #e] v]g 2 I3 = vjg B
ohlel AojzziEe) woE Axsr] 95 8-
F v)ge] AL wF ALEC ModeS(SKIP)
& Mode8®] ZE u|& A4dgzle] Aege viepd
t} case 2% JlEE}IEEO 20 w2 RE HEIE &
3 Brl AL Inegtel BAlsRe AR o|dfell=
Mode8 Y] Adlz}53 Faj=mg82 wol 7l
Wako 2ol by AE-E /R e Moded 2
ModeS2 AR} case 3 Azubgkove| dze
25 AREE Bl 1o AL needle] Bl 4
$24 olddl= Modes e A 5] Hulas
EE Roe AZHke ] oy AR R Q)
£ Moded 2 Mode6.25 331} wlR2ho s case
4% 712 ke s AlEE vimziEs) A8 ukek
L2 ArsE AazE3Se] LRkl EF 16x16
7] AZERY Tnu@tBCh 22 AR ool
Modeg W¢] iz 2dE o RE A8s) ued
% zElEle] Moded~Mode7 FoilA] Aeglch

Step 32 A2 LzEele HF dfz28F =
o} de=m {Aksht o] o] Model~Mode3$) £33
BlE AL e LeE ZE Zcw P
Al (UDE) Min Mode(Jmosez, Jmosez)= Mode2}
Mode3 FollA B} AL Joud 2 25E ezl
ol F & QCIF =719 HAE XA 100 249
< IPPP TEE 538 3= 74 F-dla=ze5e
2o AFE 3 AHEEE &9 vl Axlsk
HAeAEg HEpdog I QCIF 37] Ak
ZF Mode8 W9 Hrla2EE we A ALgH
= & dlF uE AA Bes =AY 31,5840}
webA IPPP TRE2 Y33 3 39 99719 p =&
el Rl Modese] Frlz2dF 2o duof A}
25l &4 vge] A4 AESeEs 156,81630)
o}
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1 #H2E ZH9 Sd w8 Mode8t9] Foulzzigel 4
9L 28 AMHE RD cost A4S H4g
Table 1. The reduction rate of RD cost calculanons to
select subMB modes depending on the number of
reference frames m Mode8

Test Sequences | F= = Ak
(QCIF) zA | AiES | A2 (%)
1 26,576 83.05
Akiyo
5 21,256 86 45
1 27,376 82.54
Claire
5 23,680 84.90
. i 17,896 88 59
Container
5 17,376 8892
1 30,256 8071
News
5 28,432 8187
Coasteuard 1 59,760 6189
0as
guar 5 57,016 63.64
1 56,472 63.99
Stefan
5 66,016 57.90
1 63,064 59.78
Table
5 61,872 6054
1 54,800 6505
Trevor
5 52,968 66.22

E 10ld Bz uped o] Ashs Modes BAE
Zhae G A wHA HAE s8% AT
Hdl 89%7F1e] &A% v]g AMEF A A3
gl Aoz ehdeh

2. 14MB 2= ST 24 YIRE

x| 7187 vlet o) p =AY W shie] Wiz
2EE nue AN 455 33 579 R} 3
7l &8 43 2708 me Sl A9 & 4 9l
o B dYelse] €15-E A3 1I6MB 2Tt
UMB 2= o4 116MBL] Z=x 16x16 Z7]€
Z28Se  diaid =R 4 HdE: Rz
(Vertical~Plane) & 7FA|=H| Hh] MMB X2t 4x4
2719 £3- di4 9le] dSR=g AT Q7
o]l 116MB 220 w3 Ao & Hxic
E zZerh Agsle dxsElsS 1I6MBY &9
Hl-8-3} MBS &3 ulge] RS o]43ich
I4MB 2=t 116MB RE:e B3] o3 A23lxl B
2] Z7ld diFle oS B2 e mEge®
A 4 116MB ®r=dr} zhE & eAnhe. 7l
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ol I4MB 2= AEIY BF37]eh HkAo)
I16MB RodlA] zislz gle ZE ol 93kss
Egslz 9r] w@Eelcl AT nseMB =urb ok
shte] o3 e HE)TE YRR FRE
vhd 4MB o] Afele 16709 ol&me(16x3
¥ E)E AR R Al MMB ¥ II6MB 22X
o] &3 Aol WEZER Yol [I6MB ZEef
A zEA] B uRde] eofA] Ad¥e] sle A%
T AAT clRe] diele] wlz2iE Jo Eg
o g SR oS vzof N¥rlRlugke we
s & o A S ulge] Aole 18] 24 ¢
oo ole} 2 116MB} MBS £-AiF wige &
AL FA2 23 435S 43 MMB Ex9] A
AR 2d £ o

Algksts Y25 ja22Es voo 2 ¢
A 3 AR A5 43 viaEEE ReEd &
A5 ulest A ez e Hilzukg sRRe
I16MB Z=9| 95 ¥]l4-% v|xgo2s K4MB
R0 E-ofF vl A} A3-F A
I4MB ¥ =20} §-dF u|4is Alakabde] Agse
Aol UMBOA] 971 dlguldkege] Fik W
AZa =3t Aokl MMB ze9 At QR E
A gl AL olfel 2}

min(RDcost(SKIP,Model Mode2,Mode3 18
Mode8)) + k<RDcost(I16MB) (18)

A (1)l H ks vlElAdelnh AMRE 3-8 9%
57128 MaREE mree) g 888 el
25 HA4] -4 ulg gl vl 2B F3l
o] el 116MB2] &-s3 v]4 glyrc) 2k 7S
= IWMB E=olld HAie| &9 vl ol vehd
Zelatze 7137 o¥ich °]& 116MB 2 4MB
7b 37 o wekE wejEle] d)aS SafEle, o
A o5 et mejshe WL Ao|uhg 7lA]7|
el S-o5 Sdexe] v]8-& AR A
7z sithe 713l 2AL gekA A (18)S 1
il A4S UMBY &9 v 83 AR 2 9
97kA| "hake] 33k ol EAE wy Ao

E 24 16MBS] &= v43 UMBS] £
HlE- 2 Alelel] & 4] Exfjdivhe she] A
& vede 2 viE A= kel 2 oF $ES
vl 2 F2hE-E 4] (18)& ARt AlAkEiRle)
A2 4MB REA H4o) &-s)Z w4 ghe]
AE FEE viehid
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Table 2 The missing rates depending on k

E 3 MMBY &4 w4959 Alnw 2aE k=15
Table 3 The reduction rate of RD cost calculations
of AMB for k=156

Test(geéllgnces (%) (%) (%) Test B zEe] o AF e
k=1.3 k=1.5 k=1.7 Sequences -
Alayo 772 146 000 (QCIF) 17 5% %)
Claire 12 03 344 008
Contattier 269 098 085 Alayo 88 2 7
News 576 057 051 Claire 2,822 3,303 913
Coastguard 199 044 017 Contamer 6,566 7,066 807
Stefan 279 017 000 News 2,225 2,231 937
Table 108 004 0.00
Trevor 9.03 0389 006 Coastguard 10,838 10,828 693
Siefan 3,038 2,713 919
Table 8,263 7,860 7712
X 28 k1) l L ulEA 7 o] =R 2. =
o 2 Tl k7k 159 2 ghe 2 Trevor 3,463 3,489 902

A= 2FEEE @A 3.5% olels HF 2F
FE5L o 1%l 2T} o) @A W] HT 9%
72 EZel A [16MB ¥ MBS $-943 ul& 3t
o 150 olWie] AolE HY& vkl

shie] rlz2LE uigt MMBY &¢F ulg
] At e WimRgEe $xd wet o=
A Gebde} ol o] 23l HEe] Za) H-5e) e}
YA re] FHH % HHKDC-Plane)o] AlEE 7]
Aol S g 59 olfdt vlmnise] m
F g Agells MMBY £-F ¥4 e o
AT AL S, A4S 4 HAS 5 sl o3t
HFZEET gl Afdle F 09 &9 ulg
e AESE ek A 9 F3e o)Lyl
faziFe] B ZAshs Ffde 2E xS
8] ciZuiglel] ulel sue, ol 13 H=28
& A & vlaglae Alabg I
g Eel, & #HAF 7Yl AEEle AR
QCIF =719 J4& =HI]] F 3573]9] 4MB $-9)
3 v]43rE AR

E 32 100 =H44 QCIF =7)9] A= AR~
= &l HHE 7S AHEste] PP FEE K-
33} & A%, MMB 2S9] £ ulads A
3po} Ak} W@ 3RS velit old] uls)
A ke 158 ALl 23 AZEgely) AL
99742] P =zl el 3534339 4MB &-9F
u 435 Al

E 3el4 B wle} o] Algkshe MMBY B
= kA daelEs SelM 4MBY &9 ulast
8 AETE AAE 69.3%5E FHd) 99.7%7H)
sl AR Jehgon 99 Hie AHAAE

gt BF A oF 867%9 Al vepdc)
V. &8 3 20

aRE s mee u% A9 e 53 ¥37)
AA EARE FA2A717] A sl Agdsh
T A dzElEe 47 S9HeE Aerhesia
Aol F XY daelEe mF Hgsigen
A3 #FL a5 2ot

+ CPU : 319 €4 4 2.0GHz
+ wlxg] : 512 MHz
+ 234 Windows XP Pro.

+ Zg Zd M 84
+ 25F T3 IPPP

© s} SepE - 28
- 53 Ad5 e
29 29711 &Y 74 (Full Search)

AL 100 28] QCIF 2719 HlAE Alfs
£ AHslon, "2 ARae] A4S 43y )
Ede] v|Eg<l aet 8/0E Al AREslich
% nlEGS BlEgo] 100 Kbps °l3ke) Al@xE
£ Akiyo, Claire, Container, NewsS Ad=lslelen,
100 Kbps °13] A|PAZE Coastguard, Stefan,
Table, Trevor® “d=}sleich

I¥ 62 3 A Azzdele AMgEle Ay B
2 Az Edeist At wbie] A4 ¥353) Aze
vehde}
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E 5. °.ﬁ ?_é]]%ogea H|E&{Kbps]e] B]a (3 Zgle] §

el B
'Oﬂﬂmm . Proposed Method Table 5. PSNRs resulting from the proposed scheme versus
= ww B reference software (one reference frame)
= s26%  SU% “wes
2 x0] Test Original Proposed | Comparison
K m Sequences Method Method [dB]
et Akiyo 38.18 38.22 A+0.04
& o Claire 39.65 39.7 A4+0.05
19 Container 36.07 36.06 A-0.01
| News 36.65 36.64 A-0.01
=5 Coastguard 33.93 33.89 A-0.04
’j‘ Stefan 34.22 34.15 4-0.07
: 3 3 & Table 35.47 35.46 A-0.01
g{’ of ;‘&f f ‘gf S &5 "\éé Trevor 36.40 36.33 4-0.07
281 6. WA a3 A% B2 2ol T A AD
Fig. 6.- C;mp;wn of e;coding time of sequences. (one ¥ T8 7€ ol A8 AxzARE Asske A
reference frame) Zx Azegoels] Akt wbie] HA 53} Az
2 vehiich

Aol BRo] & v|ELS] vES Y G4
U 239 Axd 3Agle] AHAE 44.1%004 € ...
) 54.6%7FA FE3} Alzke] = 2 5
glch whd w)E8- 2 pSNR[IB]-S vlv|(fdisr ¥
3RS 71A=d o) E 49 ® 5ol Yehigich

FE 49} & 59 Azl B nje} o] 7 A9
F= Eﬂmﬁ* AHgERe A BESS H3FE 13%
571k 2ol PSNR2 B3 0.015dB ZF4adhe A
o2 tJrEJr‘xl*':P E 5904 Aklyo 2 Claire 94| 7
- AK BHellx 23]8 ¥ PSNRS Hole=
< OE AAEel vlsiM vad & vjEE vE
o] Z713l7] wielch

GBI BN B

3110 >-_\n'. o

i ) |52 | A AN .‘
Hogd L p0d f P
i Test Sequencas
gl 7. AA F33} A7 GEE = Ye] okl A%
Fig. 7. Comparison of encoding time of sequences. (five

£ 4. 3% vlELS] v|E4{Kbps]e] B]E (= Z#o] reference frames)
gzl )
Table 4. The bitrates resulting from the proposed : ik
scheme versus reference software (one oAl A9 Fz=A e AHeshe AF o 30%9)
reference frame) ¥335) A7 95 vehich 3 Be) Bxmade
Test Original Proposed | Comparison A}%—g}t AR ok ‘5‘]-% T23 Azle) S58
Sequences Method Method (%) < Bele 71 AA ¥33 AN A< T4
q =) o
Akiyo S0 _— T el ARshe uHlge] Fxz=ede 4o v} t=
: A dehtr] dEelct A &3} A7 F AR
Claire 32.06 32.89 A 26 & wjzERE ve Addns 929 EdmiHol
Container 40.16 40.74 Al4 A el=d] o]F $Ale] E=AT|A o] ATl B]R-S
News 75.84 76.75 A 12 E 60 vehliddck E 604 B ule} o] & A
Coastguard || 24900 | 25128 A 09 8 BEZALE A8Shs A AA yE8 AT F
§79) A=) AN MG oF 27%4 W
Stefan | 37926 | 3%086 | 404 EiY TRl e ]fp ot o
i Ao Fx=d S ANk Aol 51%0]th
Table 19375 | 19649 A4 ol AdHoz FxIQlerl FoldSS AN
Trevor 132.49 133.58 A 0.8 33 A7 F nm2EE zc Halsizie] Ax|sk=
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Hlge] Zhaghd ovidc wepd 4 slzzds
= Add 7S AR Ay AL ARzEdE
AR o Hel ¥ A5d MHole Al o] wio

E 8 PSNR[dBIS] Hl&E (32 Zaglo] o}l el A
Table 8 PSNRs resuling from the proposed scheme versus
reference software (five reference frames)

o} Test Onginal Proposed Companison
Sequences Method Method [dB])
Ak 38 25 38 30 A+0 05
E6 B 23 4ol e A ¥s A Fol £49) =
22 A7 AR|h= HlE Clawre 3971 3973 A+ 02
-3 (23
Table 6 Of the total encoding time, the rates of ME ume Contamner 36 12 3612 4060
depending on the number of reference frames News 3670 3667 A-003
Coastguard 34 01 3308 A-003
Test The Stefan 3435 34 30 4005
Sequences number of { Total ME | ME/Total Table 3555 35 54 A-001
reference (sec) (sec) (%) Trevor 3643 36 40 A-Q03
{QCIF)
frame
1 1797 514 286 -
Akiyo 5 =T 5c | = AN} B vie} Zho] oAl A 3x =ZARlE
WL O 1 sk A%elE @ B Rz ede Agsle
1 1673 489 292 -
Clare . 05 | 283 30 759 fAlSHA BlESE BT 14% 1R He)
= PSNR-S 7 001dB ZAdhs Aoz viepado)
1 187 2 . .
Contaner 579 | 91 | 37} o) A%= A4 Akiyo R Chire B4 A4 Al
5 4628 2363 510 - N
dhdld 238 & PSNRE Mol 72 3 29
News L (DL L OZ L %03 | gramed AR A9 HbE g oas
> 4656 | 2368 | 509 o vlslA Bl & HEE v|ES] Z71Y7] o
1 2121 54 4 257
Coastguard Folct
5 5059 2482 491
1 2208 513 232
Stefan V. 2 =
5 5015 2417 482
Table ! 1907 | 516 | 270 H264/AVC BlTI® i3 ¥3:e =g s
> | 580 | s ] B ) EvE Agoed wroh &S s 28 b
Trevor L | 1877 | S05 | 269 | Awk yavle) dqme 4us] Fvkid der
5199 | 285 ] N8 | % =]z $499 394 Sushe VBSY Addusy

¥ 73 i 82 ol A9 pzzAds ARSI A
F U459 vi=dY ¥ES 2 PSNRE Hehdct

E 7 9% elede v ES{Kbps)d] HE (G =ZAYle] o
A 2l A%

Table 7 The bitrates resulting from the proposed scheme
versus teference software (five reference frames)

Test Onginal Proposed Comparison
Sequences Method Method {%)
Akyo 29 47 3036 A3 0
Claire 3174 3251 A2 4
Container 3623 3681 Al 6
News 7536 76 26 Al2
Coastguard 244 85 246 30 M6
Stefan 35607 358.83 AQ.8
Table 190 22 192 25 All
Trevor 133 77 134 82 A0 §

14 Fanisle] Y F vhAle olEd &
7] B4 Z7le] Fa delolt}

Aokgt dwelEL VBS AdalAe] w4 Ay 7
Woza Akgke] -FAg FAd AMEE vl
55 g F AR w2 EEE e
Mode8] B]-45k Atz Fzhy o3l AHEEl=
UZEEE ReE F AEoz B BAEE 5
A= 4MBE] WAk ARXEERNE BESAoR 4o
24 AA 55 g g5

A3 A} Mode8s} w83t AHETA A=l &
- vlegked] AlkElee g7l A datel o
N L 73% Faslgied, WMBY AL #4
86% Zashs Zlo® viePdel =3t AA HEs)
AZE =g FEzEgle] & A2 A o 0% vF
sgen FxzHde] o Al A ¢ 30%8 A
Zrel @& uhg w|ESL P 15% e
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5L 229 34 7|y A9 FHYZ A}
e} H2e oz 3% £33 /EES
ARt 2a] H264 H3715 53 AR FE3E
Z1HE = 9l

&

Mo

="

[1] JVT GO50rl, "Draft ITU-T recommendation
and final draft international standard of joint
video specification (ITU-T Rec. H.264/ISOJIEC
14496-10 AVC),” May 2003.

[2] Thomas Wiegand, Gary J. Sullivan, “Overview
of the H.264/AVC Video Coding Standard,”
IEEE Trans. Circuits and Systems for Video
Technology, vol. 13, pp. 560-576, July 2003.

[3] Thomas Wiegand, Heiko Schwarz, Anthony
Joch, "Rate-Constrained
Coder Control and Comparison of Video
Coding Standard,” [EEE Trans. Circuits and
Systems for Video Technology, vol. 13, pp.
688-703, July 2003.

[4] Peng Yin, Hye-Yeon Cheong Tourapis, Alexis
Michael Tourapis, "Fast Mode
Decision  and Estimation  for
JVT/H.264," 2003
International  Conference on, vol. 3 pp.
853-856, Sept. 2003.

[5] Yu-Wen Huang, Bing-Yu Hsieh, Tu-Chih
Whang, Shao-Yi Chien, Shyh-Yih Ma,
Chun-Fu Shen, Liang-Gee Chen, "Analysis and
Reduction of Reference Frames for Motion

in = MPEG-4 AVC/IVT/H.264,"

and Signal

Faouzi Kossentini,

Jill Boyce,
Motion

Image Processing,

Estimation

Acoustics, Speech, Processing,
IEEE International Conference on, vol. 3 pp.
145-148, April 2003.

[6] A. Ahmad, N. Khan, S. Masud, M.A. Maud,
"Efficient block size selection in H.264 video
coding standard,” Electronics Letters, vol. 40
pp. 19-21, Jan. 2004.

[71 IVT Model

downloaded form

Copyfight (C) 2005 NuriMedia Co., Ltd.

http;//bs.hhi.de/~suehring/tml/download/im84.zip,
accessed 2004

[8] Iain E. G. Richardson, H.264 and MPEG-4
Video Compression, Wiley, Inc., 2003.

Zl = ¥(Donghyung Kim) A3l
19994 29 : FENa AL
g3} 24

2001 84 : FEUA AARE
gt AL
2002 3¥~3A) : IFefEa

AT} e

<tol A 2 E

A | &ElJechang Jeong) A3

19801 24 : AguiEta AR
3t} 24

1982 29 1 KAIST #H7|-A}z
g} Aa}

1990 : v vl A7 e AHr]E
g} Fahakal

1980~1986 : KBS 7]&d+4 47d —AE TV
2 Fulge] )
1990~1991 : ®l=F ulAzkNE 73t dAFas

(34 2 AzAe] 49

1991~1995 : AMdAzl DEv|tje] QATA(MPEG,
HDTV, ZEj¥lte] A7)

1995~3) : FhoFedtm AP~ AFE T
(454 2 AsAE A7)

1998 1149 279 : I3br|eAt 4

19984 129 314 : AREARAAA} F3

ki

<ol <diAlE] 2 sk

www.dbpia.co.kr



	H.264에서의 고속 매크로블록 모드 선택 알고리듬
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. H.264/AVC내에서 매크로블록 모드의 선택 알고리듬
	Ⅲ. 제안하는 알고리듬
	Ⅳ. 실험 및 결과
	Ⅴ. 결론
	참고문헌
	저자소개


