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Abstract

In this paper, we propose a new 4x4 intra coding method by unidirectional prediction for improvement of intra-frame coding efficiency
of H.264/AVC. There are 4x4, 8x8, and 16x16 intra prediction modes in the current H.264/AVC. For the 4x4 intra prediction, coding
efficiency is achieved by accurate prediction with small block size in relatively complicated regions, and the 16x16 intra prediction
method can predict more accurately compared to 4x4 intra prediction with only one directional information in relatively homogeneous
regions. We propose a unidirectional 4x4 intra prediction method adopting a small-size prediction and one directional prediction
approaches. In order to improve coding efficiency, the proposed method is conducted by 4x4 block and their prediction directions are all
the same, resulting that we need to send only one directional information for each macroblock. For intra-frame coding setting, we achieve
10.47% and 1.57% coding efficiency in BD-bitrate for only 16x16 intra mode and 4x4, 16x16 intra mode, respectively.
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Full HD =7] (1920x1080)2] Sunflower, Riverbed, Rush- HD * Full-HD Average 0.59 1181
Total Average 0.67 -10.47
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Table 4. Comparison of BD-performance in 4x4 and 16x16 intra pre-
diction mode.

Sequence Size Num BD_PSNR | BD_Bitrate
Frames (dB) (%)
Paris 150 0.05 -0.54
Foreman CIF 300 0.05 -0.76
Mobile 352x288 300 0.01 -0.08
Tempete 260 0.03 -0.35
CIF Average 0.04 -0.43
BigShips 150 0.10 -1.86
City 720060 150 0.08 -1.16
Crew ] 2802720 150 0.09 2.1
Night 150 0.08 -1.18
ShuttleStart 150 0.11 -2.89
HD Average 0.09 -1.84
Sunflower 1080060 50 0.08 -1.77
Riverbed 1920xp108 50 0.13 -2.40
RushHour 0 50 0.08 -2.55
Station2 50 0.11 -2.44
Full-HD Average 0.11 -2.29
HD + Full-HD Average 0.1 -2.06
Total Average 0.07 -1.57
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Fig. 8. The ratio of mode selection for Crew and ShuttleStart-HD sequence.
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Fig. 9. Wavelet transform for Crew and ShuttleStart-HD sequence.
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Fig. 10. Mode selection ratio of original and proposed method.
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Table 5. Comparison of BD-performance in 4x4, 8x8 and 16x16 intra
prediction mode.

Bt 2IE2} o= 531 SHolA BD ds

Sequence Sive Num BD_PSNR | BD_Bitrate
q Frames (dB) (%)
BigShips 150 0.05 -1.23
City 150 0.04 -0.61

720p60

Crew 1280%720 150 0.05 -1.16
Night 150 0.06 0.92
ShuttleStart 150 0.04 -0.91
Total Average 0.05 -0.97
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Fig. 11. Mode selection ratio of original and proposed method.
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Table 6. Comparison of computational complexity between 16x16 intra prediction and unidirectional 4x4 intra prediction in encoder.

Sequence Size 16x16 Intra Prediction (ms/frame) Unidirectional 4x4 Intra Prediction (ms/frame)
BigShips 8.45 9.6
City 720060 9.04 10.32
Crew 19800720 7.52 8.26
Night 8.65 9.81
ShuttleStart 7.03 7.43
HD Average 8.14 9.1
Sunflower 11.21 12.72
Riverbed 1080p60 9.84 10.54
RushHour 1920x1080 10.45 11.53
Station2 10.12 10.93
Full-HD Average 10.4 11.43
HD + Full-HD Average 9.27 10.26
Average Time Saving -9.6 %
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Table 7. Comparison of computational complexity between original decoder and proposed decoder.

Sequence Size H.26?r/g\;fcr:arlgz;:oder Propztr)sse/?ral?sec)oder
BigShips 11.36 11.32
City 11.74 11.71
Crew 1;28‘:?20 9.54 95
Night 11.61 11.55
ShuttleStart 8.75 8.71
HD Average 10.6 10.56
Sunflower 14.58 14.55
Riverbed 1080p60 11.91 11.87
RushHour 19201080 13.13 13.08
Station2 12.65 12.59
Full-HD Average 13.07 13.02
HD + Full-HD Average 11.83 11.79
Average Time Saving 0.36 %
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