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ABSTRACT

The emerging H.264/AVC video coding standard improves coding performance significantly by adopting many
advanced techniques. This is achieved at the expense of great increasing encoder complexity. Specifically the
intra prediction using RDO examines all possible combinations of coding modes, which depend on spatial
directional correlation with adjacent blocks. For 4x4 luma blocks, there are 9 modes, and for 16x16 luma and
8x8 chroma blocks, there are 4 modes, respectively. Therefore the number of mode combinations for each
macroblock is 592. This paper presents a method to reduce the RDO complexity using simple directional masks
and neighboring modes. According to the proposed method, we reduce the number of mode combinations to 132
at the most. Experimental results show the proposed method reduces the encoding time up to 70% with
negligible loss of PSNR and bitrate increase compared to the H.264/AVC exhaustive search.
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Fig. 1. Intra prediction for a 4x4 luma block (a) indices
of pixels for a 4x4 luma block and adjacent blocks
(b)directions of intra prediction
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Fig. 3. Adjacent blocks and their modes for selecting
candidates
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Table 3. Results for IPPP... type sequences

Akt Wy
A (611 "¢ QP=28 QP=32 QP=40
(QCIF) ATime | APSNR | ABit | ATime |[APSNR| ABit | ATime |APSNR| ABit | ATime |APSNR| ABit
(%) (dB) (%) (%) (dB) (%) (%) (dB) (%) (%) (dB) (%)
Akiyo 2272 | 0053 | 1.17 | -28.05|-0.013 | 0.16 | -32.04 | -0.008 | 0.21 | -34.51 | -0.002 | 0.31
Foreman 21.80 | -0.077 | 154 |-30.52 | -0.016 | 0.21 |-33.76 | -0.010 | 0.28 | -35.73 | -0.001 | 0.34
Carphone | -20.51 | -0.082 | 1.80 | -30.49 | -0.018 | 0.17 |-33.72 | -0.012 | 0.31 | -35.48 | -0.008 | 0.33
Hall Monitor | -23.38 | -0.065 | 123 |-32.53 | -0.018 | 0.19 | -34.61 | -0.013 | 0.26 | -36.09 | -0.005 | 0.37
Silent 2194 | 0033 | 086 |-31.72|-0.014 | 0.18 | -32.83 | -0.008 | 0.25 | -35.26 | -0.004 | 0.29
News 23.11 | -0067 | 123 |-3327|-0017 | 0.19 |-3531 | -0.011 | 025 | -36.83 | -0.003 | 0.30
Container | -20.78 | -0.081 | 1.80 |-29.51 | -0.018 | 0.16 | -32.55 | -0.011 | 0.22 | -34.61 | -0.003 | 0.27
Coastguard | -21.20 | -0.017 | 0.50 | -29.83 | -0.010 | 0.13 | -32.82 | -0.007 | 0.18 | -35.02 | -0.001 | 0.23

I 4 AL FEie AlEzo] tig A3 A3
Table 4. Results for All-I type sequences

Aokt W
25 oJ A} [6]9’] ke — — -
S QP=28 QP=32 QP=40
(QCIF) ATime | APSNR| ABit | ATime |APSNR| ABit | ATime |APSNR| ABit | ATime |APSNR| ABit
(%) (dB) (%) (%) (dB) (%) (%) (dB) (%) (%) (dB) (%)
Akiyo 6432 | 0210 | 321 | -61.84 | -0.10 | 047 |-6649 | -0.12 | 092 | -68.12 | -0.07 | 1.62
Foreman | -65.38 | -0.285 | 4.44 | -6227| -0.08 | 0.14 | -67.03 | -006 | 1.06 | -69.83 | -0.03 | 1.79
Carphone | -65.93 | -0276 | 391 |-64.73 | -0.15 | 092 | -6693 | -0.13 | 152 | -6827 | 009 | 1.72
Hall Monitor | -66.51 | -0.252 | 373 |-6525| -0.13 | 036 |-68.72 | -0.11 | 1.91 |-70.06 | -0.10 | 2.94
Silent 65.17 | 0.183 | 354 | -62.16 | -0.12 | 051 | -66.48 | 008 | 1.35 | -69.36 | -0.05 | 2.63
News 5534 | 0294 | 390 | -6038| -0.11 | 086 |-6556| -0.10 | 1.26 | -68.28 | -0.06 | 1.85
Container | -56.36 | -0.234 | 3.70 | -61.06 | -0.09 | 090 | -66.07 | -0.08 | 1.07 | -69.21 | -0.05 | 1.71
Coastguard | -55.03 | -0.106 | 2.36 |-59.72 | -008 | 0.73 | -64.81 | 006 | 0.82 | -68.03 | -0.03 | 1.57

¥ 40 All-1 Feje] gitol] i3t A¥ATE A %= otk 1% 87 18 9% News AlE2=9] IPPP...
Zsiuck Alll el AFoME F 300 Z#EY Hefel All-T Fejoll sl #|etsk BPHTk F. Pan et
< =25 gy Raseida o2 $353) gep al.2] R-D & Yepllar 9oy 18] R-D 41
B 2@ FEZEe 1PPP.. FElo] AAtdMel FUst NME E 33 E 49 ZYe} vRVIAIZ Ak
A 25T Wo] F. Pan et al.9] ¥Hol vl 943+ El
B 4olA Hi= nie} o] BE Zg o] shHy g 4= Stk

2331597 wEel R353 A7k o 70%7HA
ZH2-slck v, IPPP... FElOME ClEZg R& PP News AIEA
7b deEe w3285 st AgEe] QI
wjFo] PSNR 74 % HES 27} =7} wl$- v
@A AllLL Felolde ZE Z Yo e

RE7l MelE]7] wjie] PSNR 74 2 HES =
7} A&7} IPPP... gejRth= ot #1X]A "o} 2
Hu B35l £50] 74 HlshA Ags] 2o
Aol Al $-8oM Al e -8 v$
AgtAo]7] wje] B =Fo] A= FE3] 89

PSNR(dB)

05 07 09 11 18 15 1.7 19 21 23 25 2.7

2 = Je Aotk Al Feje gl thaiA Kbits
= o] v HIl Byl 71 3 _

F. Pan et al.9] W7} ¥as, IPPP-_-- Jel 2| 8. 1PPP... 9] A|@20] T3k R-D FA(News, QCIF)
oAl 2 o= AbE WhHe] ¢ 53s & Fig. 8. R-D curve for IPPP... type sequence (News, QCIF)
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