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Abstract

The Waikoloa JVT meeting accepted a fast mode decision method [1] in the test model. This method which is based on early detection of P-skip mode and selective intra mode decision is developed mainly for baseline profile applications. Since the complexity of mode decision in the main profile is much higher than the baseline profile due to B slice, in this proposal, we further extend the idea in [1] to early detection of B- skip. The simulation results show that the proposed method reduces encoding time by 66% on average without noticeable performance degradation. 
Fast mode decision for B slice
Table 1 shows the ratio of each macroblock type selected in B slice in various video sequences at Qp=28. As can be seen in the table, in real sequences, B-skip mode is selected in considerable times: the average ratio of SKIP mode is about 75% (maximum 98% in container and minimum 54% in foreman). Consequently, if SKIP mode for B slice can be detected at early stage (that is, without checking other modes), huge amount of computation can be saved. 
Table 1. The ratio of each macroblock type at Qp=28
	MB mode
	Container
	Foreman
	Mobile
	News
	Paris
	Silent
	Tempete
	Average

	SKIP mode
	98.133 
	53.949 
	54.534 
	86.139 
	86.016 
	84.855 
	62.877 
	75.215 

	Other inter modes
	1.847 
	45.648 
	45.447 
	13.861 
	13.962 
	15.016 
	36.514 
	24.614 

	Intra mode
	0.020 
	0.403 
	0.019 
	0.000 
	0.022 
	0.129 
	0.609 
	0.172 


The definition of SKIP mode in B slice is different from that in the P slice. To be decided as the SKIP in B slice, both condition of direct mode and CBP(coded block pattern) = 0 should be satisfied. Therefore, motion vector under direct mode should be calculated first, and the rate distortion cost of direct mode should be also computed. The fast mode decision method proposed in this proposal is an extension of the previous method [1] for B-slices. Therefore, the selective intra mode decision in [1] is also applied after the inter mode decision to further reduce the complexity. Fig 1 shows the flowchart of proposed method.
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Fig 1. The flowchart of proposed method
 Experimental results

Table 2 shows simulation conditions. JM6.1d encoder is used as reference software, and the options of RD optimization and Hadamard transform are turned on.
Table 2. Test condition
	Codec
	JM 6.1d

	MV search range
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	QP
	28, 34, 36, 40

	Coding option
	Rate distortion optimization,

Hadamard transform, #REF=3, CABAC

	Test sequence
	CONTAINER
	QCIF (300 frames)
	IBBP coding

	
	FOREMAN
	QCIF (300 frames)
	

	
	NEWS
	QCIF (300 frames)
	

	
	MOBILE
	CIF (300 frames)
	

	
	SILENT
	QCIF (300 frames)
	IBP coding

	
	PARIS
	CIF (300 frames)
	

	
	TEMPETE
	CIF (260 frames)
	


For degradation measure of encoding, two measurements of BDBR and BDPSNR [3] are calculated according to Qp values in Table 2. Table 3 shows experimental results. TS(Time Saving) indicates the percentage of processing time difference as defined below:
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Table 3. Experimental results
(a) MV search range: 
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	Sequences
	Early detecting P skip
	Early detecting B skip
	Selective intra coding
	Combined all

	
	BDBR
[%]
	BDPSNR
[dB]
	TS 
[%]
	BDBR
[%]
	BDPSNR
[dB]
	TS
[%]
	BDBR
[%]
	BDPSNR
[dB]
	TS 
[%]
	BDBR
[%]
	BDPSNR
[dB]
	TS 
[%]

	Container
	-0.71 
	0.05 
	4.63
	-0.36 
	0.02 
	69.19
	0.73 
	-0.06 
	21.56
	-0.13 
	0.01 
	79.84

	Foreman
	-0.12 
	0.01 
	-1.56
	0.91 
	-0.05 
	50.56
	0.84 
	-0.04 
	18.63
	1.79 
	-0.09 
	59.04

	News
	0.47 
	-0.03 
	5.22
	-0.52 
	0.03 
	63.17
	0.53 
	-0.03 
	20.70
	0.03 
	0.00 
	74.63

	Mobile
	-0.18 
	0.01 
	-1.26
	2.36 
	-0.09 
	41.50
	-0.07 
	0.00 
	22.44
	2.37 
	-0.09 
	53.11

	Silent
	-0.17 
	0.01 
	8.94
	-0.40 
	0.02 
	48.64
	0.52 
	-0.02 
	21.39
	-0.06 
	0.00 
	64.74

	Paris
	0.18 
	-0.01 
	9.64
	-0.54 
	0.02 
	45.53
	0.51 
	-0.02 
	24.44
	0.08 
	0.00 
	63.11

	Tempete
	0.06 
	0.00 
	-0.18
	0.52 
	-0.02 
	38.99
	0.56 
	-0.02 
	21.40
	0.85 
	-0.03 
	50.66

	Average
	-0.07 
	0.01 
	3.63
	0.28 
	-0.01 
	51.08
	0.52 
	-0.03 
	21.51
	0.70 
	-0.03 
	63.59


(b) MV search range: 
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	Sequences
	Early detecting P skip
	Early detecting B skip
	Selective intra coding
	Combined all

	
	BDBR
[%]
	BDPSNR
[dB]
	TS 
[%]
	BDBR
[%]
	BDPSNR
[dB]
	TS
[%]
	BDBR
[%]
	BDPSNR
[dB]
	TS 
[%]
	BDBR
[%]
	BDPSNR
[dB]
	TS 
[%]

	Container
	-0.18 
	0.02 
	1.40
	-0.37 
	0.03 
	70.56
	0.95 
	-0.07 
	6.04
	-0.45 
	0.03 
	76.26

	Foreman
	0.46 
	-0.02 
	-1.78
	0.98 
	-0.05 
	51.86
	0.93 
	-0.05 
	5.36
	0.85 
	-0.04 
	55.54

	News
	-0.32 
	0.02 
	1.61
	-0.57 
	0.03 
	64.94
	-0.14 
	0.01 
	5.75
	-0.04 
	0.00 
	70.92

	Mobile
	-0.02 
	0.00 
	-2.55
	2.34 
	-0.09 
	41.72
	0.01 
	0.00 
	6.99
	2.12 
	-0.08 
	47.13

	Silent
	-0.07 
	0.00 
	3.84
	-0.41 
	0.02 
	49.87
	0.54 
	-0.03 
	7.84
	-0.24 
	0.01 
	58.93

	Paris
	0.11 
	-0.01 
	4.24
	-0.59 
	0.03 
	46.76
	1.10 
	-0.05 
	7.00
	-0.08 
	0.00 
	56.63

	Tempete
	-0.19 
	0.01 
	-1.95
	0.40 
	-0.01 
	39.84
	0.47 
	-0.02 
	6.22
	0.63 
	-0.02 
	45.82

	Average
	-0.03 
	0.00 
	0.69
	0.26 
	-0.01 
	52.22
	0.55 
	-0.03 
	6.46
	0.40 
	-0.01 
	58.75


Experimental results show that the proposed method reduces encoding time by about 66% in 
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16 search range and about 59% in 
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32 on average. However, BDBR and BDPSNR degradation is less than about 0.7% and 0.03dB, respectively. Especially, in the case of Container sequence, the encoding time is reduced by about 80%. That is, H.264 encoder using the proposed technique can encode maximum 5 times faster than conventional encoding method. Therefore, the proposed technique significantly reduces computational complexity without any noticeable coding loss.
Conclusions
A macroblock of B slice in H.264 can be coded with various coding modes according to the prediction direction: Forward, Backward, and Bi-direction. Therefore, the mode decision process using a rate distortion cost needs huge computational complexity. As an extension of the previous proposal [1], this document proposed ‘early SKIP mode decision’ in B slice. Since both baseline and main profile allow intra mode in P or B slice, ‘selective intra mode decision’ of [1] can be also applied without any modification. The proposed algorithm provides considerable reduction in encoding time only with small coding loss. Furthermore, the proposed method can be also implemented easily in current reference software without considerable modification.
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