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Abstract

The H.264/AVC has been designed to use 9 directional intra prediction modes for removing spatial redundancy. It also
employs high correlation between neighbouring block modes in sending mode information. For indication of the mode, smaller
bits are assigned for higher probable modes and are compressed by predicting the mode with minimum value between two
prediction modes of neighboring two blocks. In this paper, we calculated the statistical probability of prediction modes of the
current block to exploit the correlation among the modes of neighboring two blocks with several test video sequences. Then,
we made the probable prediction table that lists 5 most probable candidate modes for all possible combinatorial modes of upper
and left blocks. By using this probability table, one of 5 higher probable candidate modes is selected based on RD-optimization
to reduce computational complexity and determines the most probable mode for each cases for improving compression
performance. The compression performance of the proposed algorithm is around 1.196~1.50%, compared with JM14.2 and we
achieved 18.46%~36.03% improvement in decoding speed.
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Fig. 1. Intra prediction modes for 4x4 block in
H.264/AVC.
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Fig. 2. Information of intra prediction for 4x4 block in
H.264/AVC.

9ol BE REJ et &-g5& Fopo Ha &

d3¢ 2t ZEE 44 222 2400 25 4
FE3} 39 44 B30 0P A me) PFoz A
BAEE WEO F WE L B}, AERI ¥
x5 $9 H4¢ AN A% Fus =257 4yEn

H264/AVCE 16x16 27|19 w22 E5 W92 J5
3p7k R EE, 9d 22 EF 9 MB EZo] 4x4
EE02 ZAAHNTGA F 167) 5] g ARE 7
%3} stA |t ojw, Zzte] 4x4 £F9 digte] £F
3 BN F8T FEde W W dFE= Ay,
58 BE Ad AE, ARANIE R8s A
o g AQgrt s mjargSel ok Fa3h A
He a9 29 2.

B} g E2REE Y B o) AENEE
& o) oS3 Wk ojgk Hueln, §53 £F wd
& 3B ABES UR 4 BEEY Ru3 ATt &4
A R g ARt ol 4719 8x8 H = &
E3h 2709 8x8 A4S B o FrEHA, Jh
Zo| B&37] W] HolEg Fxsle Rasigrt 7}
MBEZY] AEASe digte] R33t Agrt EA4E
o z} BEo) Ui F353} At FrrE

71&9] 4x4 B2 g3 A ) oﬂ’ﬂ
T Uye A Y g 2ol RE R
-3¢ Foto] A RES TaA B0k ¥4 =
AR, oo g HEE J|Esof =], B

z
B2
2

h
T

A3
3 &
=7t
=R

=]

& Y L) 22 ofE wy

(322)

BE AR HESFE Fagep] st FH 539 B
E ARE dojst 4 (Dol st ZAArh 2] (D9
MOdelef{‘g} Mo“deup% Z‘}Z} Qﬂix}‘ ’} % ‘?’} H%Oﬂ

AAE AH EF] E f ojEF R0tk
Most Probable Mode = min( Mode,,,, Mode,,,) 1)
U

£ A4

S E"v“"l’ Zlil_. =5 }\}«O]Oﬂ
x7] WEo 84 &

of & Z#qd WelA
2 ool 2T gEo 8wlo] WAE SErr}
wr} oA %ZH 7353 F B4 A 38
o] 7}4 ¥-& EE(most probable mode)s 4 (1)3} 2
ol F¥9 <>l FEEY RE F 1 glo] AL R
=g Bile dAEES o5 S W 2L 2=Y §E
o] ¥om2 o]Z most probable mode® ZAAd 1, &
A 54 HH SR} Hug o] #$3& F
A most probable mode®t @A E&¢] A zrrt &
7)o digk A H(prediction_mode_flag)& 1H|EZE A
e e, @4 §353 F EE HH BEg 4
(& S8 dAHE B=rl 2o, prediction_mode_
flage 12 AYED @4 EZ9 B= AHE F71E
A48kA] 2tk most probable modest HAl EE9)
HA dErert g 3% prediction_mode_flags 0
o2 MY A £59 2= AHH HET} F714
BE BN Ao g9 g 9% 2us 3yea
F 9N Rerh EAsAD 38 & vng B9
prediction_mode_flag®] & AAstE AN & 7
o] RE7} oln] vluEPYoBR x| g7l B o

m o
e o

B}
ARE

Coded block A
Mode n
(4x4)
olget i 2RO BE B
K}»o Roe AQEZH

most mbabta,,,mode min(m, n)
Coc::g dk;k::k B Currint4b!ock
(4xd) tx4)
38 3. H264AVCe 4x4 =18 Ul o3 £53 2ol
ot o
Fig. 3. An example of Intra prediction for 4x4 block in
H.264/AVC.



20104 58 HXi353 =X H 47 SPE M 3 =

Y gR9
Suos 2
n = mode(up_block)
m = mode(left_block)

most_probable_mode =
Min(n, m)

Y
y
prediction_mode_flag = 1 prediction_mode_flag =0
e o3 iz 2@ 9Tt sHlE Fot He
(total 1 bits) (total 4 bits)

a3 4. H264/AVC 3H uf 2= o F 2ol st &

==
Fig. 4. The flowchart of mode prediction process of the

conventional H.264/AVC,

ate] 3 MER R337} sbesich olg g Bl o
g e 29 33 2

$19) a9 394 A RIsEHE B2 Uiy o
& BEEF %9 BEL ov] B35}t o] e
w, el A& BE9 W Y oFEE) 30]1 9%
229 ¥ v 22t 6olgkm ZFASPH most
probable mode® 4 (D)ol 93t} 302 ZAAH, o
S8 @A Russe E5d dsto 97 E 94
o & 43S Fdstn, 3y =g A% v,
A BE Wi¢ HH Rorb 3WolHW, most
probable mode$t ZolX 2 E prediction_mode flag:= 1
2 AGEHA, @4 £59 AFE=d U F/HHBE
gk T, @A £5¢] U3 HH Bt 8wolgiy,
most probable mode$} HAl EE9] HH JIr=r}
TI22 2 prediction_mode_flag:e 002 Al€E 1z 3
2= 8 dig FE MEES FUR3L Oy 4&
H264/AVCe] B o3 74& Yepdr)

1% 5% most probable mode7} 39 A dlstd
Uzl 870 REo] ¥3EHE HEE YL 3 5=
£ o]u] most probable modeS ZAAdE GANA &
A FEstEs E59 g8 | dFR=7) obdo] wd

(323)

47

Prediction 0 1 2 3 4 5 6 7 8
mode
bit 000 {001 |010] X {011 {100 | 101|110} 111

I

Most probable mode

228 5 Most probable modeE M LISt R=Eof &HEE
= HE HE
Fig. 5 The mode bit information of the remaining intra

predicion mode exception of most probable
mode.

gong ¥ e 93 Uyux] 87 2o dst
o F= & O 59} Zo] HER AT F Uk

B339 FHMe 84 33 EES V)
o2 3o AEF 9% Hisd £59 FE=
g g Jonz B33rie e s F34 most
probable modeE & 4 Utk T 99 o9 & A
29l prediction_mode_flag®] #to] 0ol22 A HE3}
%9 B5 o FRE7) 3] oldE & F Utk #
g RE3r|e BYS Wyes a9 49 e RE
W 3E 38 4 F AL, F AR geor Fus

0 94 wEold & gk

Nlﬂl F{N

2. 71 &S] 31H WY o £ FE3f0f| iEF D530 Y
il*l Ht e k% ®EQl H264/AVCS] 3t Wi o
Z 2 oY AFd dF EE 1) Pl

A BAES S ool met tad wow
BREE BEE o] AdHgn
[10]JM & 4x4 3HE W] dZe] 143 & At

gt} H264/AVCE 4x4, 8x8 3 W o3 97)9] o
2oy 280 E£3 16x16 3hE W dSdl 479
dFRE7F EAg) old wEl Rusr|eAE 4z
o BF a7ld 3d W 455 EF FYste] A9
BE 2719} dEFREE AR [10)94E gutye
Z 3 | dFR=9 W] BF YR E&Ade
oA Wk fApe e R é@%rz}% Aol
273t 16x16 £59 34 ) ASE=E AT,
8x8 B9 i}tﬂ W &S 3T ), 16x16 EZ9)
3 o &R B fARE B 2te 3
AaR=R = tHe‘sHHE'_P d&& TR 44 &

W A=E ¢33 g 8x8 B2 dame 3y
FAEE 3B e tejAT d&&
s Ul 59 35E Folv WES

G gauelEe] Ade oF 8% FEst HIE #Ha



48 SAH 2E 7|4 28X 14 W I ZE ofF YY

e
ofo

Left block

] oo [ % J[domn|lgoome | [ x ][ * J[ x ][ x ][ x

I l 2,81
(100%)

io,2,7,3 l01675‘ |01684 BiB7A |03872‘|0,4,5,1,6||0.5,7,4,1H0.1.B,8,4J |T),'7',3,5,2 0,1.8,62
" | oo || @4%) || @o%) || @4%) || 4% || @0%) || 85%) || 86%) || (85%) || (81%)

[2,3,7,0
(100%)

[ HCH 624”1,8,6,2 OH?,6,8,40H1 8364”14685”1 5,04.6)11.6,84.21(1,7,03,8)1,8,6,24
(91%) (93%) (B7%) (81%) (80%) (79%) 87%; 8% 88%

IO 1,64, 5| ‘1,6,8,0 2\ |2 1,03, 6| l2,3,8 4,1 | IZ 4.5,6,1]12,5,04,7 2.6,1,4,8| 2,7,0,3,5(12,1,8,64
(88%) (85%) (88%) (84%) (78%) (80%) 83%) 81%) (81%)

(100% (81%) (79%) (78%) (86%) (71%) (74%)

[2.3,7,0 rs 7.1, 2‘ |1,8,3,2,6I 12,3,1,7,8] |3,8,2,7 5] l |3 4851 l |3 54,0, SJ I_(; 684|[37.208 l3.8,1,2,6
7%) || (82%)

(80%)

g I ) ,0,4,5,1,6 ,1,4,6,8,5, '2,4.6 ,5, 1:, ,34 8,1 2) |756 Ay 8, ,4 5,0, 7,2’ ,4 6,1,8,5 r 052) ‘4 .8,1.6,2

i (81%) (80%) (80%) (70%) (80%) (78%) (80%) 72%) 75%)

[ X J05471 15408”2540 3,5,8,04 |54072||_g418|r073)J{5,8.1,4,2
(83%) (78%) (81%) 71%) 9% (86%) 4%) ({75% (69%)

0,1,6,4,2 ’!6842 2,6,1,4.8|(3,6,1,84]|14,6,1,8.2( (5,6,1.4,8 61842“67081 6,1,8,2.4
85% 83% 5% 79%! 5% 86%) (69%) (81%)

lZ 7,03
(100%)

07352”17803H27035”3 )j 47038 157032 Lmso 7.3.0.2,8 l7.8,1,2.3
©4%) || 78%) || 78%) || 81% 71% 76%) 68%) || (86%) || (75%)

upperblock

J% 6. QFE olR 252 M Y ofF2E0 ofsto]
&g Hols

X

rek
nir

=9 Jbg g2 UIEE =

[ Ho1864‘ 862421863 |38126‘ 4,1,86,0][5,1,8,6.4|[6.1.84,2][7,81,0.2] [8.1,2.63
(80%) || @87%) || 82%) || 79%) 6% 2% 31% 3% 83%

2l 578 2=of cf gt

Fig. 6. The probability table of the 5 most probable intra prediction modes of the block to be coded in reference to

its adjacent neighboring blocks.

of thated oF 0.073dB) 344 Aste}l of 227% BIES A3t
%7+ Bk mE

T e e Faedels 259 XE Bos =

o BREg vie ot HB/AVCAM A E

HE 44 A5 WE AYS FxRe}e] B2 N5 B4 =

B

(o]

& A2 4 otk 259 A5 VB ASE 9 Fus

of EAEl7) M, ol &

3 ol Fd BE

2|

A 9 dEFE=g FEsto

2 7Yt ol dEFREV FEE FE

by old g FHE HHE] $l5ke] 44
®7h dgsid, oy AR F9

Reck @A £59 FEE AbojdE FHHL F

J AHgdta] 4 E Ho} A

229 o

} BE go) Qelua TEso] UEstE dudn & Po HEZ FREE HHY £ Atk olAW 5

EF Ax4 AFAFe] P22 EF9 (0, 0) HAR A

g g £ =gdAe s W dF

353 7]

KB
U7t JEdch of W, DCE A WA ACAH< & T4 BAHA FE& Ve V)& 9 dF
2 do|2 ®P3 ¢F

& 83 B354 54 T Aol £IY & o E
EPA 3 FAlO olAle] WA YEbdT webA v ig
A 2 gL Ze ACAFY AAE Fte d7 =5 iy
EAghz A9 WS Bk, oo meE 39

AEE 1~4H|ES] 7hd

dEFREE AdFezH EREE w2 £ Aok (1] 1. FH S51 34
oA A WYL oF 60% EFT e tisty 71&9 g o
ok 0.17dB9} 312 Ao} of 1.25%°] HIES F7HE B o] FH FRE
At ol & A& ﬂ

S ‘J+ FA FE3 BFEE BE T

I. EAX && Elo|= 7letel 31 U o|52E gtz 4 %%91 dErco uety JFEHe
2 dA

AY U 2535 143} YUY Aol B =

H264/AVCe] 39 f & FAdAE o]d B

(324

M’ﬂ?ﬂﬂl‘ﬂﬂﬁcﬁ:é

[QR=N

M



2010 589 MX3E

rr
Mo
Ral
=
o~
~
!
[¥2)
0
B
-4
wW
fol

48

el #% 2cof CHE
-9 2xise §F
M Be MEf

2o Y oHlE

k.

pradiction_mode_flag = 0
sz 2@ 9 7 Hle
(total 2 bits)

prediction_mode_flag =1

a8 7. Mok s Y 2= o

e b

5709 # 2cof 2t
g% Axisie 52
2 2C He

7iE gy
(prediction_mode_flag 18IS +
S ofZ R 3HIE)

h 4

prediction_mode_flag =
oz 2= ¢F ¥z Hl
(totat 3 bits}

prediction_mode_flag = 1

£ diHol sEG

Fig. 7. The flowchart of the proposed intra mode prediction method.

Adste WS gt 719 YA JA &5
of Fzxete IFF AF o|REFS] BE AFRES
Z3 thete] F53 Ao 2AH A E59 o
ZrEe TANEE FAAeH, 2 AF}E 129 6
I 2ok 328 62 A EFS VIR dF/AF Y
Fol e AREFY AFEE diF AREF T
A RETE 7P 58 ASRE2REH 49 579 d4F
FEE UEsty, 49 5709 ZE7 AA 9 AFE
2o g Wk o] Fol A AR vlE&E FAIF Al
o} ol& 12879 CIF(352x288) v¥lt] 8. Alf 2o gt
723 d¥S Fo FAE Aot XE Zde
4x4 3pd | & ZYder R33} diglen, FAst
setvlg 22, 27, 82, 3790 wiskel 47 50 e dE F
3% AstzRy %‘-%?RC} 1’% 6 WellM X2 7]

4 AL BAsA ¥ £ onjgth aEln Zy
de] AA AT :’—i‘:%"ﬂ’ﬁ}é 3 EE MY RE F
stz W= dddn yeA] £54448 BE By
o tiste] o 70% ©]4e FEZ FY 5719 dFE=
o JFFHEE & F Utk o olxd EF9] AFEE
o @A BE9 dESEE o AFAAI EAdts
M-S St

(325)

2. Motste i LY O E2E AY Y

a1y 69 AFAE wgeR 3 o 958 sl
o], WAl Nzt 74 ¥ 57 REd oisiA T o
& R3ste s o] o, 71Ee W 28 5
o Fw R F 94 RE7} MY 2 dFE=E

ET

‘most probable modeZ ATt TFog J|EY W

Wit F9% WY E most probable mode® %3
A B2 HA oFEEs) vugh. tgog dA)
B9 4 o]&2 =7} most probable modes} EUT
7 prediction_mode_flagE 12 A€ty & 7%
0.2 A¥sgcl v prediction_mode_flag7} 0.2 &
"35]%151 Z 509 REZh ERgte A vnA
he BE F st HF oGRS BE 2HES &
7 AR R EFRES @8 4 vk wd A
BEo] myQle] AAd AXT Aeed $H 432
‘:7}' I Ee otk 5 JFREETL A F4

3 prediction_mode_flag7} 08 A$-8l% F7F IHEZ
Uiz 2709] dx) B89 qE2sE ¥4 5 gle
o, o]y F7HHoZ FAHE WESY RE FH dy]
2MEE Y T J&E Mot FH IRE=ET} 4]
A A= F7F 2HER HA E59 dFEE=E X



50

dgezn 71EY Y ] HEE 4 + o
A S A A E vie} o] Zpzhe] 7ol
tistel tE U] dERE JRE 7PEHOR L=
otk &, 19 69 &F HolEe FEd FIdt
7oA ERRETF §& 49 574 S5EETF AA] 974
2E diH] AA3e Hled JPHeE A9 = gl
th d& §ol, FE237] FolA G0%ol¢e] FEE A
Adhe Aol AL duES 4L AolHd

MuEA ore iz Aol gy L= Au} 9]
E gt plEE FASE 7129 Wy S99 wy
oz %33} At} o9 ol WA BE w} shaA
02 Holgd URE Fzse] Rt o2 Fast=
49 sEEE 19 73 2o
J)Ee] HIBHAVC a0 o
dxred teld 7wl me
Byste vE AsEE s ARE S48
44 A2LEE FHE £93 HaAse 9 W
29 374 dEZREg 2RV, oY s1E Uy
& 20 9ue) S o A% Fgsorain, ¥ B
FES Fug R, A ndEe PALE )
B¢ sluoz AeE g el Ao 57 B
029 o B g-92 HHHVL Fasin, Sl
RE Ang shadez Adgozy s1&9 Wyl
Hlate) FEATE AN SAd) A4 BREE o
& % 9o

E

ted

B =gdA Agd duelFe Rist e 55
Z43}7) 93l H264/AVC BF 24l
IM14201 Agkste dxelEe A4t 29 69
BE Fx v G4 AT AT} Zo] 4x4 A | o
Zuke ALgste 127] CIFGAel distd SR A3
ojty, A} dueFe 4% FAHL trainings AP
a8 AfExe FEHE VCEG 720p(1280x720) BEF
ANELE JPoR 3t HPF Aot dPHHLS
JM14.2 / baseline profile / only I frame / only 4x4
intra / 100 frames©|t}.

Ztzbe) AL 19 69 FE HolA /MAFLR A
A 570 27 AA 9 ZEo disjA AR sk HlE
& AMeste] Ztzhel| disle] A Adfeln, FA3t
e ee 22, 27, 32, 372 FHSA AA AFg=x

1\3 .—._.

(326)

W Zc o=y

-0
e

oA Aokt <

=

dnelEe 4% BDbitrates}
BDPSNRZ Z7A 3% t}. BDbitrate$} BDPSNRS #3
5} ARG 2 E HES] ¢ dEE & 944
A48 G0 g4 ] AR UE F9 g g
Tzﬁ} A5e RBHA £A2 B@stE oY
BDbitrateo] &2 EdHE A LT HEY go
Fatieg Uitk &, 45 Aol Eokd e 9y
3o}, BDPSNRS ¥42 EHHAE o 949 54o]
Fold £ Yehdth
1353 BR: o3t g &=
(millisecond, ms) B2 A& ol& Alts &
af"—iﬂr 71&2] H264/AVCY 3 U] oF 2353
Fo] FYAZ 3 Azjolrt.
xﬂe}oh: daEFel dizt AP 1Y 69 HolE
ol Zzte] ZS-o] didt REge] WA &g 80%,
8%, 0% 13 49& Fxste FP&4c

et

-0
s

Ries!

O, =
ke &3

Ms &%

s 58 g
39 57 =] BAEE ] 80%, H%, B%
01%“’{1 Zhzte] 74l A 4 A4S vehdo.

19 Ao 574¢] 720p Alhzel tiste] B F

1. —'?’-ii?
O

B 1. Ziziel wYEE HolE AxYYo wE 2%
3t Ms
Table 1. The result of the coding performance in
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Table 2. The result of the coding speed of the proposed

method.
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