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A study on Improvement of Intra Prediction of H.264/AVC
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Abstract This paper proposes an improved intra prediction method of H.264/AVC. The conventional prediction
uses only adjoining pixels as reference pixels. The residual energy could increace if the decoded reference pixels
have occlusion which would result in low coding efficiency. In addition, the conventional prediction copies the same
weighted prediction value to several of the pixels lying in the prediction direction. However, if the original image
has patterns like gradations, the residual energy could increase which would also result in low coding efficiency.
To handle the problems, we separately proposed two improved methods. One allows not only adjoining pixels but
also distant pixels to be referred. The other generates prediction signals with a spatial gradient. In this paper, we
confirmed the performance of combination of two methods. The simulation results showed the combined method
outperformed the single proposed method at high bit-rate.
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1 Conventional intra prediction for 4x4 block (a) vertical
mode, (b) diagonal down left mode and (c) vertical right

mode.
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2 The case that the nearest pixels include occlusion.
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3 The case that the original image has gradation.
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4 Concept of multiple reference lines for a 4x4 block (for the

cage of s=t=4, refline x=2, refline_y=0).
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LT. 2.2 icmE o RIUC IS AL 2 b, FRERTRV
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L In this figure,
s A=1
sn=23

Reference pixel « gradient[n) ={0,-1,1)

5 Proposed weighted intra prediction method.
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best_gradient) = (2, 0, 2) LBFNIIBA, refgrad = 14 bd
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# 1 Simulation conditions.

60
QCIF: 3 types 57 L
Sequence CIF: 4 types 54 |-
HD(720p): 5 types 51
QCIF: 15 _. 48
Frame number CIF: 3 g 45
> a2
HD: 1 x
% 3
Profile High 4
GOP All-intra dl
B b e el b e | e
Entropy coding CABAC B0 I I H284AVC —+— |
RD e MRL with gradient sA =3) --x---
optimization On 27 _/ ________ MRL with gradient (A = 1) ---%--- |
Intra block size 4x4,8x8,16x16 24 Loy, MRUeEe
QP 8 points (7, 12,17, ..., 42) 0 3 8 9 12 15 18 21 24 27 30
Bit-rate [Mbps]
4%4 SN /,"'l,,'b 7 Rate distortion curves for Mobile sequence (CIF size).
Cr®ic®s
gradient =0 ‘8‘\(\;‘1“‘:&\2@& 60 T T T
refliney =0 571
reftine_y = 1 54 |-
rofline .y =2 51
refline.y=3 i
E 48 =reeennn [P
o,
S 4B [
gradient = 1 £ ot - ot TN N VNS NS AU B _
7]
o ag
/ : "
. 33 [y e H.284/AVC —+—
gradient =2 N/A ,{ MRL with gradient (A = 32 cetens
30 MRL with gradient(A = 1) ---»--- <
ref grad ” 4 ’ . . MRL o
[} 30 60 20 120 160 180 210 240 270
Bit-rate [Mbps]
gradient = 3 N/A
8 Rate distortion curves for City sequence (HD size).
\! at PN
padiont = 4 /A 25, BHRIC &> TRRIEL TV o S 2 AETOHOMIE
Lizofeh, EHOERICEEL T, A OEIZRET 34N

6 Definition of ref grad.

4.2 REEREER

L— FBHRMROBEROMNER 7 BL UK 8 ITRT. T\
HEBRI A VOREZAVBFEENEY Y FL—Mo@bh 5
EHERFE: (H.264/AVC) % LEZ L HERETE /-, QP {EH 20
LUITORMIC A2 L iRHOZHERTE S X515, B
Z2ATICEHEFEORE. L— FESHHRY MRL Bikk D &
ELIAELTHZONHRTE . FIOKRD. thoEBR
THIFEHEL TRES W, 2 iR OTENEERR L (A
PSNR) & RS BHEIEE (A Bitrate) [16] 23 2 IIRT. Fh
FN H.264/AVC OHRE DEFERT, BRI LLHNTE
3L 5, HEBRS 1 U FHicEM RN 5 8EEE4INT 3
T, SOFEHENLFL BT L RMEE LT, EHE
FI_EDEAME CIF 4 X0 Mobile T 0.447[dB] (A = 3)
Thbh, FERHIBBORAMIE CIF ¥4 XD Tempete THI
291[%) (A = 1) THo Tz, BV A X L OEEHEEZ RS
3¢, HD %1 Xk b & QCIF/CIF ¥ A XTHRNIE &b
Mol ARTEETEHEIDFEN L IR EoTW

HBLEILNS,

5% 2T, WHEREICOWTOKBRLEW L 7=, Enc. Time
DRNTERTFRE L LENRT, RRFEOQERHIIIBIL
fehh®ZRLU TS, MRL TRABRLEBRS AV OFEK. T
BbBN—TOXRBUTHH U CUHERFEIENT 5, s=t=4
(1 £ reflinex M2 1 < refliney IZE R X v 7) DFPE, 2
WG A DA —FREFTERE 7 QL ERRNENT 5 L
Eabhs, EROERILEHIETH 123 fFLkoTW
feo ERUTZ O TFHIEBRERT BI8E. WRICMATE LI
gradient DIV—TEHET 28BN H B0, E5iIcFDH
BUARBEEMT 2L EXbN3, 4 x4 Tuy 27 DBEE
& MRL BUEBRHCEHANT 5%, 8 x 8 7w s Dig&IL 3 4.
16 x 16 71w 7 DPEIE MRL BifhE: L FREEICR 2 & T8
ENd, BRTERBENICA TN BLE->THD, FEIL
SROM LB E MRS, HEAMNIMEALR.

5 % & &

EARFRFEICENT, BRERCE IV—Va VHEE
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# 2 Coding efficiency (APSNR, ABitrate) and computational efficiency (QP = {7, 12,

17, 22}).
MRL MRL with gradient (A = 1) MRL with gradient (A = 3)
Sequence A PSNR | A Bitrate | Enc. Time | A PSNR | A Bitrate | Enc. Time | A PSNR | A Bitrate | Enc. Time
[dB] %] [times] [dB] (%] [times] [dB] [%] [times]
Container | +40.150 —1.15 x11.73 +0.201 —1.51 x37.99 +0.252 —1.81 x37.01
QCIF Foreman | +0.185 —1.40 x12.04 +0.342 —2.56 x38.54 +0.368 —2.58 x37.82
(176x 144) Silent +0.120 —0.86 x11.83 +-0.302 —2.12 x37.73 +0.298 —1.96 x37.16
Foreman | +0.137 -1.23 %12.62 +0.201 —1.80 %40.38 +0.249 —2.14 x39.14
CIF Mobile +0.254 —1.72 x10.61 +0.439 —2.88 x34.54 +0.447 —2.82 x34.10
(352x288) Paris +0.203 —~1.52 x11.22 +0.332 —2.42 x36.22 +0.390 —2.70 x35.56
Tempete | -0.189 -1.34 x11.07 +0.417 -2.91 %35.56 +0.418 —2.76 x35.11
QCIF/CIF average +0.177 —1.32 x11.59 +0.319 —2.31 x37.28 +0.346 —2.39 x36.56
Bigships +0.069 —0.56 x12.53 +0.104 —0.87 x40.11 +0.142 —1.12 x38.88
City +0.120 -0.93 x12.14 +0.211 —1.53 x38.77 +0.261 -1.82 % 38.02
HD Crew +0.134 —1.61 x13.81 +0.118 —1.43 %x44.50 +0.153 —-1.76 x42.63
(1280x720) Night +0.102 —0.83 *x12.63 +0.169 -1.37 x40.42 +0.189 —1.44 x39.26
Shuttle +0.079 -1.19 x15.16 +0.063 —0.95 %49.33 +0.062 —0.85 x45.67
HD average +0.101 —1.03 x13.25 +0.133 —1.23 x42.63 40.161 -1.40 x40.89
Total average +0.145 -1.20 x12.28 +0.242 —~1.86 %39.51 +0.269 —1.98 x38.36

HERABL TSRS 3FELEEES /57— a v
&5 I EEMC BT 2B HET 3128, FRIBRESD
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S TH 0.27dB DEERA L& 2% DS BEIFZEBRE L., &
Yy k- MEEBRVE L, HAGbRIT K RN ERT
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UTe il A5 A— & (BRT 4 /REH OMEY) REFERD
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