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Abstract

This contribution reports performance of Super Hi-Vision(SHV) coding with the codec proposed in A107. The codec supports fundamental coding tools those have commonly been proposed in many CfP submissions and have also been adopted in TMuC at the last Dresden meeting. Experimental results reported in this document demonstrate that employment of these tools contributes to significant coding gain for SHV source where the HEVC standard will focus on.
1 Introduction

UHDTV has been recognized as one of the important focusing points of the HEVC standard, since it differentiates visual experience of consumers and offers a new avenue for digital video applications. The Super Hi-Vision (SHV) will be the most “high-end” UHDTV application that pursues extremely high-quality broadcasting with 7680 x 4320 pixels @ 60fps resolution video. This contribution reports coding results of SHV sources provided by NHK [1] with the codec proposed in JCTVC-A107 [2]. The A107 codec supports some fundamental coding tools, large MC/transform block sizes, adaptive competition on motion vector predictor, block-adaptive illumination compensation, and adaptive Wiener filter, those have been proposed in many CfP submissions and have also been adopted in the TMuC [3]. Our experimental results demonstrate that significant coding gain up to 57% BD rate reduction can be expected with these fundamental tools. 
2 Simulation results
Table 1 lists SHV test sequences used in our experiments. These are YUV4:2:0/8bpp version of what have been donated by NHK [1]. The picture resolution of both sequences is 7680 x 4320 pixels at 60 frames/sec. Simulations were performed for full-length sequence (300 frames=5 sec), which required around 8 days for one rate point with the most up-to-date workstation equipped with Intel Xeon processor, while JM used to obtain AVC/H.264 anchor results required 5 days.
Table 1  SHV test sequences
	No.
	Title of sequence
	Brief description

	1
	Steam locomotive train [SL]
	A steam locomotive train passing from right to left at high speed.

	2
	Nebuta festival [Nebuta]
	Huge and colorful Kabuki posed “Nebuta” figures moving in night view.


Table 2 specifies test conditions used in this experiment. Basically, it is based on CfP Constraint Set 1 condition to evaluate broadcasting scenario. Note that the A107 codec used for this experiment is an improved/bug fixed version of original A107 codec used in the CfP submission.
Table 2 Test Conditions
	
	AVC/H.264 anchor
	A107 codec [2]

	GOP structure
	IbBbBbBbP…、Intra picture interval: 1 sec

	Motion Search Range
	±128 integer pel


	Motion Estimation
	EPZS、up to Q-pel MV

	Maximum Coding Unit size
	16x16
	I: 16x16, P/B: 64x64

	Coding Unit depth
	I: 1, P/B: 2
	I: 1, P/B: 3

	Prediction Unit size
	4x4, 4x8, 8x4, 8x8, 8x16, 16x8, 16x16
	8x8, 8x16, 16x8, 16x16, 16x32, 32x16, 32x32, 32x64, 64x32, 64x64, with simplified non-rectangular partition shapes

	Luma transform size
	4x4, 8x8
	4x4, 8x8, 16x16

	Other tools
	· Frame multi-pass Weighted Prediction
· Single-pass RDOQ


	· Multi-filter based adaptive in-loop Wiener filter
· MB-adaptive Weighted Prediction (P only)

· Directional Transform (I only)

· 16x16 DCT for Intra16x16 mode

· BPP(Block-based Pyramid Prediction) mode for intra
· Single-pass RDOQ

· Adaptive PMV/Direct MV derivation


Figure 1 and 2 show R-D performance of the A107 codec relative to AVC/H.264 anchor. It can be found that the A107 codec achieves significant coding gain especially for SL sequence. This improvement corresponds to about 57% BD rate reduction as found in Table 3. 
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Figure 1  “SL” Luma R-D performance
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Figure 2  “Nebuta” Luma R-D performance
	Table 3  BD Performance
　
	　
	Y
	U
	V

	SL
	PSNR [dB]
	2.1880 
	1.3771 
	1.3049 

	　
	Rate [%]
	-57.3348
	-58.7688
	-59.7379

	Nebuta
	PSNR [dB]
	1.5417 
	0.1439 
	0.2274 

	　
	Rate [%]
	-24.8039
	-16.1440
	-21.8391


Figure 3 and 4 provide explanations of advantage of employing large MC/transform sizes. Figure 3 shows coding mode distribution in I-pictures for Nebuta sequence. In A107 codec, I-picture has intra4x4, intra8x8, intra16x16 and BPP modes as candidate coding modes but maximum coding unit size is limited to 16x16, which is the same as AVC/H.264. However, our intra16x16 mode utilizes 16x16 DCT instead of using two-stage 4x4 transform as in AVC/H.264. Figure 3 exhibits that the selection ratio of intra16x16 modes is significantly higher than AVC/H.264 case, which means that the use of large transform block has clear advantage for performance improvement. Figure 4 presents coding mode distribution in B-pictures for SL sequence. For this sequence, 90% of LCUs in B-picture can be encoded with largest prediction unit size (64x64). Thus, the amount of side information required for sending prediction parameters including motion vectors can significantly be saved relative to AVC/H.264. It is noted that the maximum block size for MC and transform in A107 codec were 64x64 and 16x16, respectively. It can be expected that the use of much larger block sizes would provide certain additional gain.
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(a) A107 codec                                          (b) AVC anchor

Figure 3  “Nebuta” Coding mode distribution in I-picture
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(a) 64x64 coding unit of A107 codec                           (b) AVC anchor

Figure 4  “SL” Coding mode distribution in B-picture
3 Conclusion
Encoding results for SHV sources with the codec that employs some fundamental coding tools those have been included in TMuC, have been reported. With this experiment, it has been demonstrated that these tools contributes to significant coding gain for SHV sources. 
4 Patent rights declaration
Mitsubishi Electric Corporation may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
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