8

36 s =EA] A998 A6%, 2014F 112 (JBE Vol. 19, No. 6, November 2014)

F=% (Special Paper)
cl

E
w4388l =82 4198 A6, 20143 1149 (JBE Vol. 19, No. 6, November 2014)

h

ttp://dx.doi.org/10.5909/JBE.2014.19.6.836

ISSN 2287-9137 (Online) ISSN 1226-7953 (Print)

HICS SE 2 Aeh SehuElE Tie HEVCS Sl Has
BT 7ka 7)Y

ol Z oY, 4 # gV

Scheme for Reducing HEVC Intra Coding Complexity Considering
Video Resolution and Quantization Parameter

Hong-rae Lee” and Kwang-deok Seo™

[} Ok
it =

< 2334 Z(UHD: Ultra High Definition) %/ A¥l2=9] Ak fite] 7|29 HITQ 945 71&% H264/AVC di¥] F f

e S 7} HEVC (High-Efficiency Video Codec)?] %37} 985t 28y £ 4= G942 97 Yalo] &
3t 7|HES0] Wo| E¢5o] HEVCY B33} BZTE H264/AVCET A4 27191t ¢l 2% HEVCY 3y 4
28 A 357074 AT 2N 71E H264/AVC HIE|A dE F58 58S 2T Sy F58e B
A A S71E0 BT 42 7o) dasi B =52 iy 93 25 AdEHe dF ZE 357RE HYL st
ks sletvle 2712wl 4709 AlER EFela whQ s wE PU (Prediction Unit)e] =7]9] #f-&o we} o=
BE JIGE wATOEN AN BERARE AT 7S Adsith A% AFE B AdE JIHE 8o zA uF 2%9
BD-rate $7t2 $3538} AIHS 7% 7V ZAAAE ¢ Aes U

Abstract

To expedite UHD (Ultra High Definition) video service, the HEVC (High-Efficiency Video Coding) technology has recently
been standardized and it achieves two times higher compression efficiency than the conventional H.264/AVC. To obtain the
improved efficiency, however, it employs many complex methods which need complicated calculation, thereby resulting in a
significantly increased computational complexity when compared to that of H.264/AVC. For example, to improve the coding
efficiency of intra frame coding, up to 35 intra prediction modes are defined in HEVC, but this results in an increased encoding
time than the H.264/AVC. In this paper, we propose a fast intra prediction mode decision scheme which reduces computational
complexity by changing the number of intra prediction mode in accordance with the percentage of PU sizes for a given video
resolution, and by classifying the 35 intra prediction modes into 4 categories considering video resolution and quantization
parameter. The experimental results show that the total encoding time is reduced by about 7% on average at the cost of only 2%
increase in BD-rate.
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Table 1. Selection ratio of PU in accordance with video resolution and quantization parameter

. deOCF'{Zsssoluﬁon) PU_Size QP=22 QpP=27 QP=32 QP=37
8 43.87% 28.44% 20.55% 13.39%

B Class 16 24.65% 28.36% 29.08% 27.41%
(1920x1080) 32 25.78% 34.14% 36.97% 40.74%
64 5.70% 9.07% 13.41% 18.46%

8 67.55% 59.12% 49.40% 38.32%

C Class 16 21.46% 26.06% 31.88% 35.75%
(832x480) 32 9.75% 13.21% 16.63% 22.50%
64 1.24% 1.61% 2.09% 3.44%

8 70.11% 63.09% 56.91% 46.41%

D Class 16 17.85% 21.83% 25.33% 30.93%
(416%240) 32 11.53% 14.20% 16.59% 20.66%
64 0.51% 0.87% 1.17% 2.01%
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E 2. Class BOIA QPO E o52= MEH HIE (QP=22, 27, 32, 37 & o)
Table 2. Selection ratio of Prediction mode in accordance with quantization parameter from Class B (QP=22, 27, 32, 37)

Q=2 QP - 27
oo 271 8 16 32 64 on 271 8 16 32 64

0 2567% 2452% 2.10% T27% 0 24.99% 547% 2784% 1991%
1 17.61% 25.98% 11.92% 5781% 1 15.62% 20.19% 31.95% 41.10%
2 1.13% 0.59% 0.66% 0.17% 2 0.92% 0.60% 0.76% 0.70%
3 0.67% 0.58% 049% 0.08% 3 0.72% 0.65% 0.60% 0.63%
! 0.67% 0.71% 0.53% 0.11% 1 0.73% 0.76% 0.66% 0.65%
5 094% 0.96% 0.57% 0.11% 5 1.03% 1.10% 1.07% 1.08%
6 230% 2.19% 0.77% 0.14% 6 2.87% 3.45% 1.72% 1.05%
7 2.85% 2.19% 0.83% 0.15% 7 341% 103% 251% 0.65%
8 2.19% 2.94% 119% 023% 8 3.06% 355% 197% 0.64%
9 3.13% 2.87% 2.61% 0.96% 9 3.19% 3.05% 2.88% 1.45%
10 4.03% 3.84% 1.11% 5.64% 10 417% 3.80% 147% 6.68%
11 3.25% 2.27% 2.06% 0.66% 11 2.88% 2.50% 235% 132%
12 1.92% 1.97% 0.62% 0.11% 12 1.73% 2.00% 0.712% 037%
13 1.56% 1.49% 0.59% 025% 13 1.46% 1.55% 0.66% 0.51%
14 1.52% 1.07% 0.44% 0.17% 14 1.61% 1.20% 0.48% 0.55%
15 1.19% 0.80% 037% 0.09% 15 1.43% 0.88% 037% 025%
16 0.90% 0.64% 032% 0.12% 16 1.00% 0.77% 031% 021%
17 0.89% 0.55% 027% 0.12% 17 1.00% 0.61% 026% 036%
13 131% 0.51% 027% 0.13% [ 121% 0.56% 0.24% 0.32%
19 0.19% 0.45% 027% 0.13% 19 0.87% 0.52% 024% 033%
20 0.80% 049% 028% 0.17% 20 0.91% 0.58% 023% 0.32%
21 0.89% 0.58% 028% 0.10% 21 0.87% 0.64% 025% 027%
2 1.04% 0.92% 033% 0.09% 2 1.12% 0.86% 031% 027%
2 114% 1.04% 037% 0.07% 2 1.20% 101% 0.43% 0.22%
24 1.43% 1.27% 0.45% 0.14% 24 1.39% 1.36% 0.53% 0.30%
25 2.90% 3.50% 1.08% 11.04% 25 2.62% 2.97% 277% 7.02%
26 7.72% 7.46% 9.08% 13.06% 26 9.82% 829% 849% 10.01%
27 2.12% 1.25% 1.05% 042% 27 2.03% 145% 125% 0.91%
28 1.26% 1.27% 0.54% 0.14% 28 1.26% 126% 0.68% 0.43%
29 0.99% 1.08% 0.50% 0.07% 29 1.02% 1.13% 0.65% 029%
30 091% 0.81% 039% 0.06% 30 0.92% 0.85% 0.50% 0.20%
31 0.82% 0.66% 0.41% 0.05% 31 0.73% 0.75% 0.47% 021%
32 0.63% 0.57% 0.40% 0.03% 32 0.69% 0.57% 0.44% 021%
33 0.65% 0.51% 043% 0.06% 33 0.10% 0.54% 041% 021%
34 0.99% 0.48% 043% 0.04% 34 0.84% 0.52% 051% 0.36%

QP = 32 QP = 37

o 271 8 16 32 64 o 71 8 16 2 64

0 27.08% 77.18% 309%% 30.00% 0 R77% 28.68% 31.66% 3197%
1 1527% 1838% 26.53% 30.57% 1 15.32% 17.41% 23.40% 2645%
2 091% 0.69% 0.65% 0.74% 2 1.02% 0.79% 0.70% 1.46%
3 0.64% 0.60% 0.50% 0.74% 3 0.65% 0.64% 0.50% 0.82%
q 0.68% 0.73% 0.65% 0.87% 1 0.65% 0.73% 0.70% 1.02%
5 1.03% 1.00% 1.16% 1.68% 5 1.03% 1.02% 1.17% 1.88%
6 2.89% 3.95% 2.68% 1.52% 6 2.81% 3.82% 381% 2.43%
7 337% 439% 3.02% 091% 7 3.20% 124% 3.65% 136%
8 2.85% 3.2% 2.05% 0.86% 8 2.39% 2.97% 2.11% 1.18%
9 2.72% 291% 3.08% 1.50% 9 231% 251% 2.72% 1.52%
10 3.13% 3.68% 424% 6.01% 10 3.14% 3.30% 3.88% 5.45%
11 241% 2.68% 2.38% 1.29% 11 2.10% 239% 236% 1.28%
12 1.52% 1.67% 0.80% 0.43% 12 1.41% 1.48% 0.89% 047%
13 1.29% 1.42% 0.73% 0.62% 13 1.09% 126% 0.75% 0.65%
12 1.60% 1.26% 0.59% 0.45% 1 1.59% 131% 0.72% 0.51%
15 137% 0.90% 039% 0.19% 15 1.68% 0.97% 0.53% 023%
16 1.04% 0.73% 034% 0.18% 16 1.02% 0.76% 0.42% 0.24%
17 1.01% 0.69% 029% 0.16% 17 0.97% 0.75% 033% 0.17%
18 121% 0.64% 025% 0.16% 18 1.35% 0.63% 029% 0.16%
19 0.92% 0.57% 025% 020% 19 0.95% 0.70% 028% 0.16%
20 0.97% 0.63% 026% 025% 20 1.03% 0.75% 031% 0.16%
21 0.95% 0.68% 024% 0.28% 21 1.00% 0.80% 031% 0.20%
2 1.12% 0.82% 031% 0.18% 2 1.08% 0.82% 034% 0.19%
2 1.18% 0.95% 0.46% 034% % 1.24% 1.00% 047% 0.39%
24 1.34% 1.29% 0.60% 043% 24 1.28% 137% 0.67% 0.53%
25 2.51% 2.97% 2.72% 192% 25 2.24% 2.97% 2.59% 3.18%
26 10.52% 8.62% 9.12% 11.05% 26 10.82% 9.19% 9.56% 11.94%
27 1.82% 1.46% 123% 0.98% 2 1.68% 139% 1.22% 0.89%
28 1.22% 1.19% 0.69% 0.51% 28 1.27% 1.15% 0.67% 0.54%
29 1.02% 1.05% 0.64% 0.42% 29 1.14% 1.03% 0.65% 0.51%
30 0.94% 0.78% 0.51% 024% 30 0.90% 0.80% 0.53% 0.38%
31 0.75% 0.61% 0.47% 0.26% 31 0.73% 0.63% 0.50% 0.34%
32 0.66% 0.57% 0.40% 0.25% 32 0.64% 0.57% 0.41% 0.29%
33 0.61% 0.54% 037% 032% 33 0.60% 0.54% 039% 037%
34 0.82% 0.57% 047% 0.49% 34 0.92% 0.61% 0.53% 0.66%




2 AN9AE A6Z, 20149 11¢€ (JBE Vol. 19, No. 6, November 2014)

I 3. Class COM QPO E OIEZ= ME H|E (QP=22, 27, 32, 37 & M)

Table 3. Selection ratio of Prediction mode in accordance with quantization parameter from Class C (QP=22, 27, 32, 37)

Q-2 QP = 27
7 =17
oo 27 8 16 32 64 AN 1 8 16 32 64

0 1645% 19.58% 2586% 831% 0 1873% 2069% B334% 2090%
1 1331% 17.20% 38.77% 70.95% 1 14.50% 16.65% 30.95% 47.40%
2 1.17% 0.73% 0.97% 0.08% 2 125% 0.75% 0.12% 0.11%
3 1.00% 0.55% 0.35% 0.08% 3 1.04% 0.60% 036% 0.07%
4 0.93% 0.71% 0.33% 0.00% ) 0.94% 0.67% 041% 0.10%
5 1.01% 0.79% 0.33% 0.04% 5 0.88% 0.60% 042% 0.09%
6 1.92% 1.27% 2.02% 0.06% 6 2.14% 1.78% 3.96% 0.03%
7 2.68% 2.43% 041% 0.04% 7 229% 2.32% 0.44% 0.12%
g 1.74% 1.58% 0.90% 038% 8 1.53% 1.50% 1.18% 0.19%
9 2.82% 2.65% 1.84% 0.44% 9 2.56% 2.66% 2.48% 0.68%
10 461% 7.06% 2.65% 0.09% 10 430% 8.11% 3.09% 1.40%
11 227% 1.85% 1.50% 0.40% 11 2.05% 1.96% L77% 1.05%
12 1.52% 1.08% 0.39% 0.18% 12 1.39% 1.08% 0.54% 047%
13 1.13% 0.70% 0.50% 0.00% 13 1.04% 0.60% 041% 0.05%
14 1L07% 0.56% 0.15% 0.00% 14 0.95% 0.59% 026% 0.06%
15 1.10% 0.77% 0.24% 0.02% 15 1.03% 0.62% 026% 0.00%
16 1.50% 225% 0.20% 0.00% 16 1.19% 2.04% 0.28% 0.02%
17 1.81% 2.28% 031% 0.00% 17 1.69% 1.44% 0.48% 5.50%
13 3.75% 3.01% 1.57% 0.00% 18 3.59% 2.62% 241% 0.02%
19 3.07% 2.40% 1.25% 10.71% 19 2.81% 2.58% 3.54% 2.53%
20 2.65% 2.56% 1.91% 0.00% 20 251% 2.48% 1.47% 1.53%
21 2.41% 3.34% 1.10% 0.04% 21 2.28% 2.85% 2.13% 0.02%
2 322% 2.54% 0.82% 0.13% 2 3.07% 2.56% 1.08% 0.05%
2 2.44% 2.80% 2.52% 0.04% 5 2.19% 3.16% 1.72% 021%
24 2.00% 1.86% 0.78% 0.09% 24 1.79% 1.74% 1.07% 0.2%
25 227% 1.54% 1.33% 0.22% 2 2.07% 1.52% 1L47% 0.19%
26 8.34% 7.25% 6.76% 6.90% 2 927% 7.64% 8.24% 16.68%
27 2.07% 1.54% L.07% 0.06% 27 1.85% 1.58% 1.32% 0.10%
28 1.89% 2.03% 0.93% 0.04% 28 1.73% 1.73% 091% 0.03%
29 L64% 1.52% 0.65% 0.09% 2 1.42% 1.33% 047% 0.10%
30 1.48% 1.14% 0.34% 0.00% 30 1.44% L11% 0.55% 0.05%
31 133% 091% 0.46% 0.04% 31 120% 0.85% 033% 0.07%
32 1.32% 0.67% 0.24% 0.02% 32 1.28% 0.69% 037% 0.02%
33 1.00% 0.52% 0.29% 0.00% 3 0.88% 0.50% 0.28% 0.00%
34 0.94% 032% 0.24% 0.00% 34 0.99% 0.42% 029% 0.02%

QP =32 QP = 37

NG 8 16 32 64 NG 8 16 32 64

0 2L90% 2.52% 2.17% 16.60% 0 547% 24.66% 5.37% 2.06%
1 15.21% 17.50% 23.66% 32.78% 1 14.84% 1691% 20.23% 26.10%
2 1.28% 0.71% 0.65% 0.44% 2 1.28% 0.78% 0.80% 1.07%
3 0.85% 0.60% 0.42% 0.53% 3 0.80% 0.56% 0.45% 0.70%
4 0.80% 0.83% 0.49% 0.13% 4 0.69% 0.90% 0.55% 0.84%
5 0.78% 0.64% 0.56% 0.14% 5 0.84% 0.82% 0.54% 0.53%
6 2.61% 2.00% 4.09% 1.85% 6 2.57% 2.45% 337% 4.12%
7 207% 1.61% 0.49% 0.15% 7 1.80% 201% 0.73% 0.46%
8 144% 1.59% 1.79% 0.73% 8 1.25% L44% 1.64% 0.56%
9 2.43% 2.64% 2.50% 0.62% 9 2.19% 2.49% 2.46% 0.76%
10 3.93% 7.83% 5.20% 2.09% 10 3.56% 6.66% 8.00% 2.47%
11 2.05% 1.99% 1.60% 0.66% 11 2.05% 1.93% 1.93% 0.60%
12 1.33% 1.16% 0.64% 037% 12 1.32% 114% 0.59% 033%
3 0.95% 0.61% 0.57% 0.09% 3 0.88% 0.68% 0.54% 0.13%
14 0.94% 0.62% 0.34% 0.04% 14 0.82% 0.53% 0.46% 0.07%
15 0.98% 0.73% 0.44% 0.03% 15 0.88% 0.64% 039% 0.04%
16 1.08% 0.95% 0.42% 022% 16 0.95% 0.90% 0.13% 027%
17 1.36% 1.55% 1.16% 2.09% 17 131% 1.26% 1L.12% 1.04%
13 2.83% 2.13% 2.85% 2.56% 18 2.50% 2.22% 2.48% 4.86%
19 2.10% 2.62% 2.99% 6.60% 19 L77% 2.05% 2.63% 1.45%
20 2.46% 223% 1.84% 0.85% 20 237% 253% 1.99% 1.44%
21 1.99% 242% 1.80% 2.80% 21 1.88% 211% 1.79% 1.44%
2 2.70% 2.17% 1.41% 0.43% 2 2.72% 2.14% 1.84% 0.96%
3 1.99% 2.50% 2.16% 031% 3 1.79% 2.07% 1.83% 0.68%
24 1.70% 1.77% 0.97% 034% 24 1.42% 1.74% 0.9% 0.26%
2 1.80% 141% 1.61% 030% 2 1.60% 1.46% 1.57% 0.49%
26 10.09% 7.69% 9.69% 24.89% 26 10.59% 7.92% 9.15% 2337%
27 1.61% 1.62% 1.47% 027% 27 1.40% 2.08% 1.60% 0.66%
28 1.46% 1.81% 1L.01% 0.18% 3 1.35% 171% 0.96% 0.34%
29 1.40% 1.38% 0.77% 024% 29 1.32% 1.34% 0.81% 0.55%
30 1.38% 0.97% 0.61% 0.19% 30 1.12% 1.02% 0.69% 0.22%
31 1.20% 0.84% 0.61% 021% 31 131% 0.89% 0.55% 026%
32 137% 0.78% 0.34% 0.05% 32 137% 0.70% 0.52% 0.11%
33 0.86% 0.51% 0.35% 0.01% 33 0.95% 0.58% 0.33% 0.04%
34 1.01% 045% 0.33% 0.03% 34 1.04% 0.57% 0.34% 0.02%
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H 4. Class DOAf QPof| E OSZ= MEH4 H|E (QP=22, 27, 32, 37 & )
Table 4. Selection ratio of Prediction mode in accordance with quantization parameter from Class D (QP=22, 27, 32, 37)

QP =22 QP =27
7
oo Sd. 8 16 32 64 IR 1 8 16 32 64

0 18.01% 24% 24.95% 523% 0 20.74% 24.56% 2787% 12.52%
1 12.71% 23.01% $.26% 61.13% 1 13.66% 19.99% 40.22% 56.01%
2 1.90% 0.68% 1.39% 0.00% 2 1.94% 0.69% 0.75% 0.00%
3 1.40% 0.39% 0.43% 0.00% 3 136% 0.54% 047% 0.00%
) 1.40% 0.67% 0.23% 0.00% ) 1.14% 1.03% 029% 0.00%
5 1.63% 1.14% 0.68% 0.00% 5 1.43% 1.04% 0.12% 0.00%
6 232% 1.13% 0.29% 0.00% 6 2.19% 131% 0.26% 0.00%
7 2.00% 1.26% 0.22% 0.00% 7 1.75% 1L17% 0.35% 025%
8 1.72% 1.50% 0.35% 0.00% 8 1.45% 1.26% 0.50% 0.00%
9 2.15% 1.41% 1.60% 0.00% 9 1.71% 1.33% 1.66% 0.26%
10 2.05% 5.10% 2.22% 0.59% 10 3.46% 4.96% 2.07% 132%
11 4.05% 7.92% 3.70% 5.59% 11 325% 7.77% 3.50% 1.85%
12 2.53% 3.48% 0.97% 0.00% 12 2.16% 3.69% 1.08% 0.13%
13 1.76% 0.90% 0.27% 0.00% 13 1.66% 1.13% 026% 0.00%
1 1.73% 0.84% 0.08% 0.00% 12 1.88% 0.69% 0.13% 0.00%
15 151% 0.44% 0.17% 0.00% 15 1.48% 0.68% 0.29% 0.00%
16 121% 0.97% 0.07% 0.00% 16 1.19% L11% 022% 0.00%
17 1.37% 0.62% 0.06% 0.00% 17 1.32% 0.68% 0.03% 0.00%
B 1.74% 0.48% 0.17% 0.00% 13 1.83% 0.60% 0.10% 0.00%
19 1.62% 0.81% 0.08% 0.00% 19 1.56% 0.61% 0.16% 0.00%
20 161% 0.91% 0.04% 0.00% 20 1.44% 136% 0.10% 0.00%
21 1.55% 0.85% 0.26% 0.00% 21 1.49% 0.87% 0.23% 0.00%
n 2.17% 124% 0.28% 0.00% 2 2.11% 1.22% 0.18% 0.00%
2 2.22% 1.55% 0.30% 0.00% 2 2.06% 1.54% 027% 0.00%
24 2.75% 4.43% 4.59% 0.00% 24 251% 3.80% 4.02% 0.00%
25 251% 2.28% 6.26% 0.00% % 2.15% 2.33% 435% 0.00%
26 7.05% 587% 3.89% 1.47% 26 829% 6.08% 529% 251%
27 1.99% 133% 1.44% 0.00% 27 1.87% 1.38% 1.53% 0.00%
28 2.09% 147% 0.44% 0.00% b3 1.84% 1.30% 042% 0.13%
29 1.83% 1.07% 0.08% 0.00% 29 1.75% 1.29% 0.29% 0.00%
30 220% 136% 0.17% 0.00% 30 2.02% 1.34% 021% 0.00%
31 1.62% 091% 0.21% 0.00% 31 1.57% 1.07% 0.34% 0.00%
32 1.24% 1.05% 0.32% 0.00% 32 125% 0.95% 0.29% 0.00%
33 1.17% 033% 0.29% 0.00% 33 1.26% 037% 027% 0.00%
34 1.19% 0.20% 0.30% 0.00% 34 1.25% 0.27% 0.28% 0.00%

QP =32 QP =37

oo S 8 16 2 64 o 7 8 16 2 64

0 25.34% 2747% 3044% 3067% 0 29.88% 32.09% 36.50% 1082%
1 14.83% 17.81% 33.29% 58.74% 1 1527% 17.48% 24.06% 3741%
2 1.90% 0.80% 0.81% 1.03% 2 1.77% 0.92% 132% 1.58%
3 1.13% 0.71% 0.74% 0.17% 3 0.87% 0.83% 0.75% 0.74%
) 0.96% 1.28% 0.67% 0.17% ) 0.92% 1.00% 1.18% 2.43%
5 1.29% 1.17% 1.19% 0.09% 5 1.09% 1.07% 181% 133%
6 1.78% 1.24% 1.45% 0.00% 6 1.50% 1.27% 2.12% 1.08%
7 1.59% 1.38% 1.29% 0.17% 7 1.41% 1.04% 1.18% 0.77%
8 1.41% 1.49% 0.68% 0.17% 8 1.05% 1.30% 1.29% 1.38%
9 139% 1.12% 1.49% 0.98% 9 1.13% 0.98% 1.56% 227%
10 3.3% 3.69% 3.40% 0.64% 10 227% 3.04% 3.64% 1.69%
11 2.74% 7.47% 4.62% 1.55% il 228% 643% 5.53% 3.2%
12 1.94% 3.11% 1.34% 0.09% 12 1.70% 1.92% 1.26% 039%
13 1.40% 1.29% 0.26% 0.00% 13 1.05% 1.03% 0.50% 0.04%
1 1.45% 0.711% 0.15% 0.00% 14 1.39% 087% 033% 0.00%
15 1.19% 1.07% 0.31% 0.00% 15 1.00% 1.07% 037% 0.00%
16 0.95% 126% 0.25% 0.00% 16 091% 1.16% 0.33% 0.00%
17 1.22% 0.69% 0.11% 0.00% 17 1.25% 0.71% 0.14% 0.10%
18 1.78% 0.71% 0.20% 0.00% 18 1.51% 0.88% 0.30% 0.00%
19 148% 0.82% 0.40% 0.00% 19 1.54% 1.00% 0.28% 0.10%
20 1.29% 1.13% 0.06% 0.00% 20 1.26% 1.29% 0.35% 0.00%
21 1.52% 1.04% 0.32% 0.00% 21 1.39% 0.96% 045% 0.00%
2 1.83% 1.36% 0.22% 0.00% 2 1.45% 1.14% 0.39% 0.00%
3 1.75% 1.55% 0.34% 0.00% ) 1.85% 1.62% 0.58% 0.10%
2 2.04% 2.91% 2.00% 0.00% 24 1.66% 1.99% 1.48% 0.04%
25 2.00% 1.90% 107% 0.00% 25 1.53% 1.39% 1.78% 0.04%
26 8.90% 6.44% 5.42% 524% 26 10.19% 6.13% 6.18% 3.99%
27 1.64% 1.13% 1.59% 0.09% 27 1.47% 1.18% 1.03% 0.09%
28 1.60% 146% 0.50% 0.00% 3 1.66% 181% 0.67% 0.00%
29 161% 139% 0.39% 0.00% 2 136% 131% 0.33% 0.00%
30 1.86% 1.42% 0.29% 0.00% 30 1.55% 1.18% 041% 0.10%
31 1.59% 095% 0.40% 0.00% 31 1.56% 1.09% 036% 0.09%
32 1.15% 0.84% 045% 0.17% 32 1.06% 0.95% 041% 0.00%
33 121% 0.66% 0.36% 0.00% 33 1.02% 0.59% 0.29% 0.10%
34 L11% 0.55% 0.51% 0.00% 34 1.14% 0.67% 0.85% 020%
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S Bt 19702 EEA R F 2(Class B)9F 3 4(Class D)ol

ME 1% ol3tE AeE e oS RE9] 427} 2~67) 2o|2 ., A& Zo}
BOFA| AL Planar(0), DC(1)¢] <& &5 HlEo] AA= A
o7 Uehdth 64x649] 7B dlld=e 2717 ARl B o=Eo Ajkg WY Aes A-shr] Sk,
w2} Hfgo] ARARE 1% o)5ts AeEE o Bro HEVC 3% 23X Eg 02l HM12.0"dl) Aot due)5S
Fo] HglRt= o F RS gEo] ARS B F Utk TFdslal o] 71¥€4 HEVC %45 A5 vl £49351%
olgjst A¥ AWE B3] RMD FAAMY] o]Z meo] 4= Th ES F 60 BAE M AP YA oH %
£ 357108 BF 38l Zo] o} vt s 79 WA QFES APl A3
e PU 2719 A& At sty 2719 WA
A% $A14 5A4E ol &dte oS REof #E Agtat #6 Y 2
= 7]%1_% Zﬂ?l'fﬂ-ﬂ}. HEVCOHHT‘E RMD —‘;‘—H Nes {\jéﬂ Table 6. Test environment
3}7] flshed 35714 REE A A ZsA|T o] REE 47) CPU Intel Core(TM) i7-4770 CPU @ 3.40Ghz
2 AES} AJAA BY L szl WE PU 2719 A& RAM 8.00 GB
I} okxb3}l ulgbuE] =7)9 Ao 2 FeAFo = 3} 0s Microsoft Windows 7 64-bit
| Y 133 BAE A dojd S Qith Compiler Visual C++ 2010 sp1 x86
H 55 A¢kst= RMD ¢& TR M E 4714 & e Test Model HM 12.0
Ao|th SET 1& 7} o] AL = 471%] Re=2 A3} Configure All intra main
I SET 2+ Horizontal(10), Vertical(26)S 4122 FH QP 22, 27, 32, 37
o 2P BEE F7kz ddsha gjzhiel 18 Reg
Z7}slAch o)& # 2, ¥3, ¥ 4914 Horizontal(10), E7. 48 3¢

Table 7. Test sequence
Vertical(26) TH2¢] A8l 3158 712 A= A9 1% )

S > Class
o] 3] MDY o= muXo e ZW o A
13l2 A5 e o= ZE5o] 18 B FHoE A7) (Video Resolution) Sequence Frames | Frame rate
£ AL 7k Aelt} SET 32 Horizontal(10), Vertical Kimono 240 24
(26)S TAHLZ VA REE F712 Agsia gl 5l ParkScene 240 24
ass
189 RES A0 7 1714 RES a5tk SET 4% (1920x1080) Cactus 500 50
BasketballDrive 500 50
_ - I BQTerrace 600 60
E 5 H2fsk= RD A% == M= BasketballDrill 500 50
Table 5. Candidate sets of the proposed RMD prediction mode asketballbr
C Class BQMall 600 60
RMD £ JH= (832x480) PartyScene 500 50
SET 1 DC(0), Plnanar(1), Horizontal(10), Vertical(26) RaceHorsesC 300 30
SET2 | DC(0), Pinanar(1), 8,9,10,11,12,18,24,25,26,27,28 BasketballPass | 500 50
SET 3 DC(0), Pinanar(1), D Class BQSquare 600 60
7,8,9,10,11,12,13,17,18,19,23,24,25,26,27,28,29 (416x240) BlowingBubbles 500 50
SET 4 35 modes RaceHorses 300 30
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3 82 HIYQ st =el wet QPe =79k PUY 7] 9. A% Zn}
- — _ - = Table 9. Test results
o] AFE&S 13ty K SollA A dEFH AEE
HEAZ WE-S HojF. 7)E HEVC ¢ueEe] $353) Class Sequence BD-rate Y QP ATime
- - - - . - 0,
AR} AR e B53) A7ke) ekl ATime A& T 7o
2 7] Ak Kimono 2.8% 7 735%
(HF} 2ol Akttt 37 7.81%
22 6.86%
27 6.62%
t — b ParkScene 1.2%
A Time = fast  “HM12.0 %100 (1) 32 7.07%
t o0 37 -7.45%
' 22 7.19%
0,
B Cactus 4.5% g :ggi’,,ﬁ
I 8. HIC|Q siAE w2l QPel 37|9 PUS| HIES DBt = ZHA 37 -7.54%
Table 8. Mode selection of considering each video resolution, QP and gg ggg:f’
. -0. 0
PU ratio BasketballDrive 5.9% 32 6.90%
37 6.21%
_ 0,
Cass lpy size| QP=22 | QP=27 | QP=32 | QP=37 = e
(Video Resolution) BQTerrace 4.7% % 515 [;
8 SET3 | SET3 | SET2 | SET 2 37 593%
B Class 16 | SET2 | SET2 | SET2 | SET 2 Overall 3.8% 2L/
(1920x1080) 32 | seT2|seET2| sET3 | SETS3 Class Sequence BD-rate Y 22': ﬁgg};
=1. 0
64 || SET1 | SET1 |SET2 | SET 2 BasketballDril 6.1% 2 I8k
8 SET 4 | SET4 | SET3 | SET 3 3 5499
C Class 16 | SET3 | SET3 | SET 3 | SET 3 22 -2.47%
27 -2.69%
(832x480) 32 | SET1 | SET1 | SET2 | SET 2 BQMall 1.4% 32 4.72%
64 || SET1 | SET1 | SET2 | SET 2 37 -5.49%
c 22 -1.58%
8 SET 4 | SET4 | SET3 | SET 3 57 187%
PartyScene 1.1% o0
D Class 16 SET 3 | SET3 | SET 2 | SET 2 g? '2'234’
(416x240) 32 || SET2 | SET2 | SET 2 | SET 2 A 266%
64 || SET1 | SET1 | SET1 | SET 1 27 2.92%
RaceHorses 2.8% 3 2.96%
37 -5.09%
o B - - - Overall 2.9% -3.63%
E 9= Alkst B o3t AFARE YeRATh Class Class Sequence BD-rate Y QP ATime
Bol si53he BlE ol tial #-58 Ale] 6.7% = 2+
. - - e BasketballPass 2.3% -

3 HE8 EHE 3.8% 71T Class Coll ajgshe ’ 2 | 62
=0. 0
B 2E gl tis] F35.8 AlZH] 3.6% E3 F-3.8 4 22 -1.18%
_ . 27 1.72%
2 2.9% Z71514t) Class Dol 31Q31E E|2AE At BQSquare 18% 32 6.52%
e s s _ . 37 6.25%
geiME F58 A7ke] 3.8% 1 53l &84S 22% b > T
- - — . -1.529
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