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Abstract H.264/AVC is a video coding standard which has various functions to realize high compression efficiency.
In H.264/AVC FRExt profile which is added effective function s for high resolution picture, the block size of 8x8 is
newly added.Thus 22 kinds of prediction modes exist. Although Intra prediction is the function which contributes to
a significant improvement of compression,the amount of coding processings will increase if all prediction processings
are performed faithfully. This process needs an additional 20% or more processing time. In this paper, we propose
a fast intra mode decision method which decrease the amount of processings by choosing the search mode of Intra
8x8 and 16x16 from the prediction result of Intra 4x4.
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Intra 8x8 and 4x4 Prediction Modes

1 Block size and Intra prediction mode

#* 1 Experiment conditions which measure the tendency of Intra

prediction
JM Version 9.0
Profile FRExt Profile
Input Sequence | SpySorge(1920x1072,Progressive)
QP 1,P:24 B:26(Constant)
Optimization RD-Optimization
Frame Number 15
Frame Structure All Intra, IBBPBBP...
Frame Rate 30fps

%. THIE— FiE 16x16 ¥ A C 4 FlE, 4x4 & 8x8 %A X T
X9 FEEOTHE— FARIRTE, G5 22 EHOTHE—F
DAFAET . MOREBTRIEGEZERT 2 FRCHZY, T
WG OB F IR Z kO bNfARIC LT, 20
FHOBERMEE AW CHAESND. FE{bahREam bt s7
®1Z1E Rate-Distortion IZ 523 &, HEEEMELEE LI-2
A MR BIERWTHE— F2@IRT HM0E R H D, T3TD
FHIE— RT3 L CERISTFRLE 2T 5 L APES L T
LEOHERNS 5.

2.1 FRExt (25115 Intra FBIOIER

H.264/AVC @ Reference Software T& %5 JM9.0 [3] I
THRE] A SA V5T 4] & 16 7 L —AFfF5{k L, K51t
HHEBS L. ERGEE2ER LIRS, 27747 GNU
gprof ZFIH L CHIE L7- BRI ONGER %2 & 2, 2 IRT.
Flh~vrnaruy 7 TREMNZEDOTIE— RRFIH IS0
WELEbDER 3, 312, 8xB8 I A X LHEENTE~I =
7ay 7 CHRHEATHE— FORIEEE 4, 4icEh®
TURT

Intra T OLEREE X IBBPBBP... ® V7 F ¢ #i& T &
Lz &, &R0 26.20%% 50, £OWNRIT 4x4 YA ZDTF
HALELS 69.55%, 8x8 A XD THIMELA 26.48%, 16x16 -
A ADOTHILIRN 3.97% L 78 o7, IM TIEETOE— REH
KL, HAEEIHAT2E— FERELTVDN, 4x4 L 8x8
YA NIRRT — NN L2 &, Rate-Distortion Z AT
A NHEZITO TS Z & L0 AERREI N R WRER & 72 o7z,

# 2 Percentage of Processing time

Total[sec] | Intradx4[sec] | Intra8x8[sec| | Intral6x16[sec]

All Intra 1251.36 680.36 281.88 37.9
IBBPBBP--- | 3167.87 577.42 219.83 32.94
wersee- | IR

\ Olntradx4
HIntra8x8
MIntra16x16

[M Other Processing
All Intra - |

100%
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2 Percentage of Processing Time

#* 3 Percentage of macroblock mode

Inter | Intradx4 | Intra8x8 | Intral6x16
All Intra - 19439 79360 21801
IBBPBBP:-- | 102492 2489 18751 2039
IBBPBBP--- I
OlInter
M Intradx4
O Intra8x8
MIntra16x16
All Intra
0% 20% 40% 60% 80% 100%

%] 3 Percentage of Macroblock Mode

— 7 16x16 VA XL E#E/L D 7= Rate-Distortion TlL7s <,
SATD™? & F\TE— FIREEIT) L) EESh TR, 4x4
X 8x8 YA R & bl U CALBRE A3 < 72> T2 [6].

WICEHBNRIHE N~ 77 1y 7 OF— RNGRTH D
», ETCIEZF v THFT D & 4x4 Y1 XD 16.12%, 8x8
A R 65.80%, 16x16 A ZA 18.08% & /2o F=. Sk [5]
£V QCIF X CIF %A XD %% Baseline Profile T# 1k
L72BRITIE x4 A X% 6~9 Fl & 5 Tuvio 7o D B i ig
& FRExt @ Intra8x8 FHIDOERHNC L 0 K& MHMmAZELL T
WH Z Enbhol.

8x8 YA XD Intra FH|THIH 7= FHIE— R Mode0,
Model, Mode2 ® 3 fiJECHI 6 L L% D72, LA L Mode3

(#2) : Sum of Absolute Transform Differences



# 4 Use rate inside Intra8x8

Intra8x8 Mode | number of used | use rate[%]
0 113446 23.52
1 87013 18.04
2 119704 24.81
3 27289 5.66
4 18198 3.77
5 23477 4.87
6 26720 5.54
7 28240 5.85
8 38313 7.94

[O0Mode0
B Model
@ Mode2
M Mode3
[OMode4
0 Modeb
CO0Modeb6
E Mode7
[0 Mode8

4 use rate inside Intra8x8
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# 5 Use rate of 4x4 and 16x16 to the bias of 4x4 mode
size | total use rate[%)]
4x4 16.12

16x16 18.08

use rate in inside with bias[%]
20.97
32.01
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8x8 L 16x16 VA XOFHIMIEZEMT 5. F-T— R
Ao TW5D & XX 16x16 T XRS5 afREER @ &
HWT L 8x8 YA O TRMELAANET 5. ZOREEHERT D
7-OE UL AL VA 15 7 L— 5% IMI.0 THELL, %
Intra TV A X Thel &HIBr S o E— ROT— X ZBfF L
fRNT 21T o7, dxd A ROTRHEFROKE— RO ELK %,
075 2 DF— FRBRIRESNFEROFKMEN 4 LLTO L &%
FRCE—RFBIEB I 0B E L, WIHRKMmA 128 Eo L&
BE— RPFECR- TWD &l L. fEfT L7efE G b
MY & dxd A X, 16x16 VA XOBRRFORFREE K 5 ITR
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D, Ebbbvruray 7 R TORIMEIEG L RERVEE
eofs., ZORKE LT 88 WA XD HIBMbo72Z &I1T X
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5. WP OREE 3E LRV, RV o seray s T
I 8x8 & 16x16 ¥ X TE— NHEIZHVD 2 A MENIEL,
EERIFAAENER S E VIR T LAV b THINDL D,
EOREMRENES RENERICYV I 2 b—ra v EITY, 3
REWERT DLERDD.

FLETOMETIETH D 16x16 VA XA OLERULEENE [
RRZATD £ 91T 5. 2 DOFEERFFCEHAT S & 4x4 Y1
AOTRFERTE— RIZBNT, 005 2 0F— FRRRSI Lz
B ZERLZ & TUTOL D Ry EITH Z L1k 5.

o 9 XVD/IE V- 88 VA RDOREHREITS.

9 DL I 12 Aiii— 8x8 & 16x16 ¥ RDYEREIT ).
12 L k= 16x16 A XOBRERE4T .

3.2 FHYARXNICETIHEEDNDE— FOAFRT S

3.2.1 A % %

LIRTOREFIETIE 16x16 ¥ XOFHIE— T 4 FiH &
Wiel, ZOT7 7 a—F COMMBRHIBITIER e =5 b D
ThHot=n, SRIOEE 4x4 & 8x8 YA RO THIT— REHN%E
LW, Zo7 7a—FOMERENEEZLND.

3.2.2 R E

x4 YA AOFHFER L 8x8 ¥ ATl & Hr &S 5 E—
ROBMRZE R 5720, 8x8 YA XDk & X7 5 4x4 A X
DT RFEREHT, WEHBIFFEDT— K& HD 5 L X1 8x8
PFA ZXDEDE— RPFIAENDENT —Z % L VEF L.
BER6ITRT. HEOFID 4x4 VA AT E EHi-zT— K
T, BERZE DL & 8x8 W1 X Tl L HIF &N T=E— ROHEE
T AER LY 8x8 Tt B AIREMED EWE— N Efr 4 2
EWRFTHILT, HERE—RN8ND 9FIOMETEE
NBZERDOND. 8x8 VA XD Intra FHRIIZEHET 9 FEEHD
T— RWNTFET B0, KENCABL > TIOFIET6HD
W EZHIHT L ENAETH D EEZLND. 2721 4x4
P A ZDOFHFERNNTNOET— RO ZE 5D LITR
B2 dxd YA ADFE— KT L2 8x8 YA X TORIIET
LHRFBE—ROMAGLEEHL LN LOERL, T— F®RIC
WD dxd A4 XDF— RICk > THIGT DR E— RO 2
ce 1 3ToMETD. ZLT4x4 A ADE—RELTTF =y
7 Liztk, 2 A RBRENEND 4250 8x8 4 XD THIE—
RERINTHENITa—F %L 5. 7272 LHEMIC 8x8 1
XD LRSS L TFRNCHWD 4x4 A ADOF— RN 4
D725 TLEY, THIE— ROWPFREMEL 25 2 L3E
265, ZZ CRMOMmFES 224 — =7 v 7L THWS
oL, 9 OOBEEMND 8x8 YA XDE— RERET 5 FIE
LAY 5. B L AHEEEOBLEAN LR TELLNEE LI
DEBHCEIEZ T THERTH LT

|

Intra4x4 Prediction

@s of mode

Intra8x8 Prediction

Sum of Mode 1 = 11
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There is bias
(sum of modeX > 9)

@Choose 8x8 search mode

Intra16x16 Prediction

U

There is strong bias
(sum of modeX > 12)

[X] 5 Proposed Method

# 7 8x8 Search Mode Cost
Intradx4 Mode | Intra8x8 Search Mode
0,2,5,7
1,2,6,8

0,1,2
2,3,7,8
2,4,5,6
0,2,4,5
1,2,4,6
0,2,3,7

1,2,8

=]

|||k W[N]

3.3 BREF &

P boatalE x 7z, BEFEEZR 5 IR, ETHDIC
dx4d A ZOTREITH. WIT x4 A 2O TRIFERZ H T,
T IR0 BENNE S D EHWRTT 5. b LBRWVFED AL
NEYETL 8x8 A XDFERE A ¥ v 7 LT 16x16 DERHKE
179, BWMED BRHND00E 5 I 4x4 A RO THlFEFR T
0225 205 BLINTNHOE— RAERR S/ EEH 12 LIk
THLHNE I INTHWT 5. 8x8 ¥ A RDYERIT 4x4 ¥ A XD
THFER L VBT RE2 40BN L TITH L o127 5. #E
E— FOBPULTHIFH A &R 6 OFEREZHBE L TESR LT 8x8
DOEFE—RaA A, 4 o0F— RERIRTH LD
2%, RTCHRELEERE—RFaX b &2RT. ZoLxn
KO0 4xd TR A HNDNTH DN, FEE &AL E % &
L, 4 2R\ 2= 90 HNE Y — 0 2 T
EHETD. 420N F =& 9 oDNRE — v ORRGIELK
6127, 8x8 A XDTFHEIToTob L, HN4xd A XD
WY ERT, 005 2 0WVTRHADET— RABIR I L@
WEFLL EDOBAIE 16x16 H A XAFIH SN D EIE A w0 &)
Wr L 16x16 %1 XDOFHI %247 5.

4. RBREEBE

4.1 = E&
BRFIEOHIMEEHERT A 72012 IM.0 ITREFELFE
LY alb—iarE{Toln. FEBREELZEITTRT. %Ki
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6 Use rate of Intra 8x8 to the bias of Intra 4x4

Intradx4 Mode use rate of Intra8x8 Mode

Mode0O | Model | Mode2 | Mode3 | Mode4 | Mode5 | Mode6 | Mode7 | Mode8
0 57.57 9.06 13.06 3.49 2.38 4.44 2.53 4.36 3.11
1 8.85 58.01 7.88 3.22 2.66 2.34 6.03 2.79 8.22
2 14.70 7.33 50.72 5.24 3.24 5.00 3.74 5.04 4.99
3 16.58 9.07 20.79 | 18.36 3.44 4.61 4.23 11.27 | 11.65
4 15.63 | 13.35 | 19.22 4.92 13.55 8.15 11.37 5.80 8.01
5 25.30 9.21 24.06 5.70 5.90 11.78 5.18 6.97 5.91
6 7.65 25.57 | 11.92 3.81 6.87 3.68 27.59 3.91 9.00
7 21.90 9.01 17.98 9.13 3.36 4.70 4.40 18.59 | 10.92
8 6.28 25.04 | 10.64 6.82 3.63 2.54 6.58 5.78 32.69

#* 9 Proposal method and notation name

Notation Name Method
Methodl search 16x16 only when bias is seen.(the selection number in the mode of either of 0 to 2 of 4x4 is 9 or more)
Method2 skip 8x8 only when strong bias is seen.(the selection number in the mode of either of 0 to 2 of 4x4 is 12 or more)
Method3(4) restrict 8x8 search mode to 4 from 4 4x4 prediction results.
Method3(9) restrict 8x8 search mode to 4 from 9 4x4 prediction results.
....................................................... # 10 PSNR and bitrate at QP—24
111 )11 1.1 Algorithm A PSNR[dB] | A Bits Increase[bit]
1121i111 1121114 Without 8x8 0.00 1419.10  (8.15%)
Method1l 0.00 16.94 (0.10%)
1111811 1] 1] 8]t
Method2 -0.01 -9.48 (-0.05%)
612|112 eil2]1]2 Method3(4) 0.00 168.54  (0.97%)
Method3(9) 0.00 136.64  (0.78%)
Use 4 Mode Use 9 Mode Method1+4-2+3(4) -0.02 44.18 (0.25%)
Method14-2+3(9) -0.01 61.54 (0.35%)

X 6 How to refer to the prediction result of 4x4

7 8 Experiment conditions

JM Version 9.0
Profile FRExt Profile
Input Sequence SpySorge(1920x1072,Progressive)
QP 1,P:20,24,28,32 B:22,26,28,34(Constant)
Optimization RD-Optimization
Frame Number 15
Frame Structure All Intra, IBBPBBP...
Number of Reference Frame 1
Frame Rate 30fps

WARIARRFEZ A DI T TENENOAIEE R L.
BETIEE EBRERIORT R E OB EE 9 IR T, LBT
PSNR, 558, WEFFFOHIROBLAD D RIZIREFEOS
EIZ DN TEREFT .

4.2 PSNR, Ev rEDZEIL

PSNR LB EDOEERDT-DIZ QP B 24 D L XD
BAERT, 8x8 A XA N7 FRZEZFA LR WSS & #7
RFETENENAY DTN EDESZRD -, HEE2E 10
WRT . 722 LENENORO KFEINN O LA ITIER Z % T
LEbDOTHD., AV VT e 88 A XEFALLRWEES
T 5 L, 8x8 YA XD Intra TRINFEALIEREICEER L
TWVWBEAWEIREVWENZ D, 88 V1 XDA v kT T

ERALZOWGAIIF &80 18N L. I_EFIETIE
Method2, Method3 73 8x8 YA AT 5 THINLER 2 HIJE L
TWERNTROFED PSNR OfK TX° Bitrate OH{N2Y 8x8
YA ZEFH L2 E SR LTI b TERY, FraHH
ThDEVWRD. K2 Method2 T 5 Z & TRBED /N
ELRDEVIREREBTE LN, T 16x16 A XD T
2 Rate-Distortion Ti%72 <, SATD # W THRESNTNS
ZLICERT A EFE 2 HLD. Rate-Distortion (25T
EINDIAANBHFFLRFICBWTRETHDHN, TR RO
HHGENRZ D780, Ak 16x16 D~ r a7 a vy
IZBWT, 8x8 A XA ki’ SATD # W CitR Sz
16x16 A AD T RXA M LV/NSL 2o TLEI ZENEBZBN
%. Method2 229 Lizw 7 urnmy 7 TAROERE— R
DBBIREND L RWEODIRBSLOTIEHRVNEEZ LN
5. BT Method3 ##fH95 & ¥ & Method2 & fAH O
% Z & T Bitrate D#MEIMZ 5 Z LR TETND D BIFEEED
HEATHDLEEBEZOLND..

F7- QP R LS &0/ 5L PSNR OFREX 7
IR T. EFEITA Y PF L LI1FIER U Rate-Distortion 4F
HERTFOHNTND. LLEDNLIRETFIEICL D PSNR 0%k, #F
BREROEMIDNENZ D,



# 11 Reduction of processing time in Intra prediction

Algorithm Intra8x8 Intral6x16 Intra Total
A time[sec] A complex|%] A time[sec] A complex|%] A time[sec]
Without 8x8 - - - 0.16  (-0.55%) - 221.96 (-27.24%)

Method1 342 (1.60%) - 1454 (-50.05%) 45.63 12,68 (-1.56%)

Method?2 55.66  (-26.08%) 18.18 034 (-1.17%) - 59.32  (-7.28%)
Method3(4) | -106.49 (-49.90%) 55.56 0.86  (2.96%) - -111.83 (-13.73%)
Method3(9) | -105.42 (-49.40%) 55.56 0.65  (-2.24%) - -109.34 (-13.42%)

Method1+4-2+3(4) | -139.85 (-65.53%) 63.64 -13.17  (-45.34%) 45.63 -158.41 (-19.44%)
Method1+2+3(9) | -141.65 (-66.37%) 63.64 12,61 (-43.41%) 45.63 -161.38 (-19.81%)
# 12 Change of mode use rate
I-Slice P-Slice B-Slice
original | Method1+2+3(4) | original | Method14-2+3(4) | original | Method1+2+3(4)
copy - - 7369 7688 30628 30242
Inter - - 27200 28161 37887 38856
Intradx4 1364 1852 1020 1388 132 196
Intra8x8 5328 4478 11200 9483 2403 2075
Intral6x16 1348 1710 189 759 7 4
o - HIA T 5 = & T 5. Z DML 8x8 ¥4 X1 65%,
16x16 A XD 45% & 72 > T 5.
9 7 4.4 E—FOMAIENEL
_ o ssr . FY TN ERBFRETE— FOFHARIEGOEEE LD
s - | bOER12ITRT. RETEICEY 8x8 1 XOBPHEN T
5 Witeginal -+ MY, 16x16 YA ROFIHHEL LA > TND Z ENHERTE 5.
36 - Method X L LIFBRIC dxd A XOFIAE S B> TEY, ZHoidt
as | Memodate & BEOBHICOBRAR - TNBDTIEARVNEEL LS. 4 %R
o 12 - FEFHEOMREE [ X5 I01E 4xd Y1 ROFIHREM 2 - %
3 0 10000 20000 30000 40000 50000 60000 = 8x8 A AORMMHZE T, 16x16 ¥ XOFHHEZ M LS

Bitrate[kbps]

7 The Performance of test sequence ’SpySorge’ with the frame
size of HD

4.3 IEBERFFEOEIR

[ U< Intra T OMEERH &R ROENE R L72DIC
QP 73 24 OEBRFER T, 8x8 A XDA v+ T FREFIAL
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