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1 Introduction
As the inter coding scheme in H.264, SKIP coding mode is effective as well as Inter16x16 mode especially under low bit-rate condition. As the result of macroblock (MB) basis coding mode decision based on R-D optimization criteria [1], those two modes are frequently selected under the low bit-rate condition because the R-D optimal point locates between those two candidates on the approximated R-D curve. However, the R-D optimal point is far from points corresponding to those two candidates, and this problem becomes significant under the low bit-rate. Therefore, additional coding mode that can provide the intermediate R-D performance between SKIP and Inter16x16, is expected to improve the coding efficiency.
This contribution introduces an additional coding mode for P-picture based on extending conventional SKIP mode in order to improve coding performance for high resolution video. From experimental result, it was confirmed that the average bit reduction ratio reached 2.2% and 3.6% in the case of whole sequences and HD sequences (1080p and 720p), respectively. 
2 Additional coding mode
The additional coding mode is derived from the H.264 SKIP mode. The R-D characteristics by this mode are intermediate between the SKIP mode and Inter16x16 mode. The new coding mode consists of motion vector generation, and residual signal coding. Details of them and bitstream syntax are shown in the following. 
(1) Motion Vector

As well as H.264 SKIP mode, motion vector (MV) is generated by motion vector prediction. Therefore, this mode does not include any MV information such as the differential MV. As for the MV prediction process, there is no difference from H.264 SKIP mode. Accordingly, the predictive MV is calculated based on the median function on the neighboring MVs in the coded MBs. Fig.1 illustrates the relationship between the current MB and neighboring coded MBs in the MV prediction process. 
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Fig.1 MV prediction for new coding mode
MVP = median (MVA, MVB, MVC)

(2) Residual Signal

Based on the predicted MV, the residual signal is obtained. For the residual signal, DCT and quantization are employed similarly with the case of Inter16x16. The quantized coefficients are encoded based on CABAC or CAVLC. Note that only 8x8 block size is assumed as DCT block size for the new coding mode in this contribution, and transform8x8 flag is not transmitted to decoder side. Furthermore, Coded Block Pattern (CBP) can be applied to this coding mode, and CBP information is transmitted to decoder side. 

(3) mb_type identifier
In order to identify the new coding mode, additional mb_type was defined by extending mb_type for P-picture as shown in Table 1, where the definition for intra coding mode was modified. 

Table 1 : Binarization for macroblock types in P slice
	Value of mb_type
	Binary string

	0 (P_L0_16x16)
	0
	0
	0

	1 (P_L0_L0_16x8)
	0
	1
	1

	2 (P_L0_L0_8x16)
	0
	1
	0

	3 (P_8x8)
	0
	0
	1

	4 (P_8x8ref0)
	na
	
	

	5 (New coding mode)
	1
	0
	

	6 to 30 (Intra, prefix only)
	1
	1
	


3 Experimental Result

We conducted the performance evaluation of the new coding mode. The additional coding mode introduced in section 2 was implemented on JM17.0 [2]. With regard to encoding residual signal information for the new coding mode, the all quantized DCT coefficients are not necessarily transmitted. The coefficients are sorted along the scan order to form one-dimensional signal, and the significant portion of DCT coefficients are selectively encoded based on the R-D optimization criteria. The coding condition was compliant with N11113 [3]. Table 2 shows the coding performance against JM17.0 under Beta anchor condition. The coding performance was evaluated based on BD-bitrate and BD-PSNR [4]. 

Table 2 : Experimental result for Beta anchor (IpPp)
	Class
	Sequence
	BD-bitrate[%]
	BD-PSNR[dB]

	B1
	Kimono
	5.14
	0.19

	
	ParkScene
	1.93
	0.07

	
	Average (B1)
	3.54
	0.13

	B2
	Cactus
	2.38
	0.07

	
	BasketBallDrive
	2.18
	0.07

	
	BQTerrace
	6.88
	0.15

	
	Average (B2)
	3.81
	0.10

	C
	BasketBallDrill
	2.23
	0.09

	
	BQMall
	1.72
	0.08

	
	PartyScene
	0.81
	0.03

	
	RaceHorses
	0.90
	0.04

	
	Average (C)
	1.42
	0.06

	D
	BasketBallPass
	0.59
	0.03

	
	BQSquare
	0.10
	0.00

	
	BlowingBubbles
	0.12
	0.01

	
	RaceHorses
	0.64
	0.03

	
	Average (D)
	0.36
	0.02

	E
	Vidyo1
	3.78
	0.16

	
	Vidyo3
	2.90
	0.12

	
	Vidyo4
	3.28
	0.13

	
	Average (E)
	3.32
	0.14

	Average for all sequences
	2.22
	0.08


From the result, the bit reduction ratio reached 2.2% on average for whole sequences. In particular, the new coding mode highly improved the coding performance especially for high resolution video. The bit reduction ratio reached 3.6% on average for HD materials (1080p and 720p). 

Regarding computational complexity increase at encoder side, this mode requires calculation of R-D cost to determine the truncation of high frequency coefficients. However, the dominant factor in the overall encoder complexity corresponds to DCT and binarization for the residual signal. Therefore, impact on computational complexity for the whole encoding process is not significant. 

With regard to the decoder side complexity, the new coding mode does not add any computational complexity compared with existing coding mode. The new mode requires MV prediction, extracting residual signals, de-quantization and invert DCT process, but the processes are common to standard coding modes such as SKIP and Inter16x16. 
4 Conclusion
In this contribution, the new coding mode for P-picture was proposed in order to improve the coding efficiency for high resolution video. Experimental result confirmed that the bit reduction ratio reached 2.2% and 3.6% in the case of whole sequences and HD sequences (1080p and 720p), respectively. Furthermore, the new coding mode can be implemented on both encoder and decoder without significant increase in computational complexity compared to H.264 standard. Therefore, this technology is useful for inter-frame prediction coding, and we propose that this coding mode should be included in JCT-VC test model. 

This research was conducted under the research project, “Ultra-high definition video compression coding technology”, organized by the National Institute of Information and Communications Technology, Japan. 
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