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Abstract

Several fast mode decision algorithms were adopted for the JVT test model such as JVT-G013 [3], JVG-I020 [4], JVT-J033 [1], and JVT-K021 [2]. It turns out that each method significantly reduces computational complexity for RD optimization-based mode decision without outstanding loss. To know the overall performance of the fast algorithms in terms of speedup and PSNR, we integrated to the JVT reference software, all fast mode decision methods that were adopted in the JVT test model and compared their performances. The simulation results show that the fast high-complexity mode provides considerable reduction in computational complexity and processing time.

Early skip detection and Selective intra mode decision

The proposed algorithms in JVT-J033 and JVT-K021 provided two algorithms for fast high-complexity mode decision. One of them is ‘early skip detection for P and B slice’. It checks whether the skip mode can be chosen for the current macroblock mode or not. To do so, first of all, one needs to estimate the motion vector and reference frame for the given macroblock in order to check the skip condition in P slice. After the motion vector and the reference frame are found, then we calculate the RD cost of 16x16 macroblock and check the P-SKIP condition. The procedure in case of B-slice is similar to that of P-slice. To check whether the current macroblock mode can be decided as SKIP in B-slice, macroblock is encoded as the direct mode in advance. Another class of fast algorithm is ‘Selective Intra mode decision’: it compares degree of spatial correlation with that of temporal correlation for deciding whether proceeding to intra coding is worthwhile. Since proper decision between intra and inter modes need some objective measure of spatial and temporal correlation, we proposed to utilize boundary errors for spatial correlation and number of bits for encoded motion-compensated residual data for the temporal correlation.

Fast decision for intra prediction mode and inter block mode

Two fast mode decision algorithms for inter and intra prediction were proposed in Pattaya and San Diego meeting [3,4]. JVT-G013 proposed a fast mode decision scheme for intra prediction that employs Sobel edge operator to obtain local edge direction information of blocks and reduces amount of calculations in intra prediction. When Sobel edge operator generates edge map, an encoder can calculate edge direction and amplitude. Subsequently, the encoder calculates edge histogram and uses most probable direction information. The fast INTER mode selection scheme in JVT-I020 also employs motion detection method and Sobel edge operator. Motion detection method checks motion of macroblock and computes frame difference for macroblock. Sobel edge operator checks homogeneity of macroblock. If a block has many edges, the block is segmented into several blocks. The encoder checks motion and homogeneity of a macroblock, and calculate RD cost for probable mode in order to choose best mode.
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Fig. 1 Flowchart of macroblock mode decision under high-complexity mode
Fast high-complexity mode for intra prediction mode and inter block mode

Under the fast high-complexity mode, macroblock mode decision is made in rate-distortion optimized way but having the computation efficiency in mind. As indicated in Figure 1, inter mode prediction is executed first, and if decided necessary, intra mode prediction follows. To choose the best macroblock mode under the high complexity mode, the encoder needs to calculate the RDcost (rate distortion cost) of every possible mode and chooses the mode having the minimum value. To compute RDcost associated with each mode, same operation of forward and inverse integer transform/quantization, and variable-length coding is repetitively performed. Moreover, although the probability of having intra mode is much less than that of inter modes in inter-coded slices, encoder computes the RDcost of all the possible intra modes at each macroblock simply because the RD optimization technique needs to make sure which mode produces the minimum RDcost. Under the fast high-complexity mode, the computational efficiency is enhanced in two ways. First, in inter-coded slices, it investigates the possibility of early decision of SKIP mode as the final coding mode by checking the skip mode condition first since a macroblock satisfying the skip condition has very high probability of ending up with the SKIP mode as the best coding mode [1,2]. Secondly, it selectively investigates intra coding modes in inter-coded slices after deciding the best inter coding mode [3,4]. In this way, the encoder can avoid quite a number of unfruitful calculation of RDcost values without costing coding performance.
Experimental Results
The video sequences and experimental conditions are shown in Table 1. To evaluate the overall performance, all proposed methods are implemented in JM7.5c encoder and tested under the main profile.

Table 1 Simulation condition

	
	Exp. 1
	Exp. 2

	Profile
	Main

	Codec
	JM 7.5c

	MV search range
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32

	QP
	28, 34, 36, 40

	Number of Reference
	5

	Common coding option
	Rate distortion optimization,
Hadamard transform
CABAC

	
	

	PC
	Xeon 2.4GHz(dual CPU), 1GB RAM

	Test sequence
	AKIYO
	QCIF (100 frames)
	IPPP coding
	IBBP coding

	
	SILENT
	QCIF (100 frames)
	
	

	
	FOREMAN
	QCIF (100 frames)
	
	

	
	NEWS
	QCIF (100 frames)
	
	

	
	CONTAINER
	QCIF (100 frames)
	
	

	
	MOBILE
	QCIF (100 frames)
	
	

	
	STEFAN
	QCIF (100 frames)
	
	


Table 4 and 7 shows the experimental results of the fast high-complexity mode. TS indicate the average time saving in encoding process, which is given as below.
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Where Time[reference] and Time[proposed] means that the entire encoding time of JM 7.5c reference software and proposed method, respectively.

Table 2 Simulation result for methods [1][2] in Exp 1
	
	TS [%]
	BDBR [%]
	BDPSNR [dB]

	AKIYO
	25.41 
	-0.84 
	0.05 

	SILENT
	23.33 
	-0.54 
	0.03 

	FOREMAN
	20.21 
	0.09 
	0.00 

	NEWS
	24.92 
	0.24 
	-0.01 

	CONTAINER
	27.73 
	-1.17 
	0.06 

	MOBILE
	18.44 
	-0.30 
	0.01 

	STEFAN
	17.31 
	-0.40 
	0.02 

	Average
	22.48 
	-0.42 
	0.02 


Table 3 Simulation result for methods [3][4] in Exp 1
	
	TS [%]
	BDBR [%]
	BDPSNR [dB]

	AKIYO
	23.39 
	2.57 
	-0.15 

	SILENT
	18.68 
	2.02 
	-0.10 

	FOREMAN
	22.91 
	3.36 
	-0.18 

	NEWS
	18.99 
	2.32 
	-0.13 

	CONTAINER
	21.57 
	2.68 
	-0.14 

	MOBILE
	17.32 
	0.76 
	-0.04 

	STEFAN
	19.14 
	0.75 
	-0.04 

	Average
	20.29 
	2.07 
	-0.11 


Table 4 Simulation result for fast-high complexity mode in Exp 1

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

	AKIYO
	31.61 
	1.58 
	-0.09 

	SILENT
	28.14 
	2.97 
	-0.14 

	FOREMAN
	29.25 
	2.85 
	-0.16 

	NEWS
	29.29 
	2.32 
	-0.13 

	CONTAINER
	22.40 
	1.79 
	-0.10 

	MOBILE
	22.73 
	0.56 
	-0.03 

	STEFAN
	24.97 
	0.78 
	-0.04 

	Average
	26.91 
	1.84 
	-0.10 


Table 5 Simulation result for methods [1][2] in Exp 2

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

	AKIYO
	75.27 
	-1.82 
	0.14 

	SILENT
	68.20 
	0.43 
	-0.02 

	FOREMAN
	56.94 
	1.93 
	-0.09 

	NEWS
	72.24 
	-0.30 
	0.01 

	CONTAINER
	76.18 
	-0.74 
	0.06 

	MOBILE
	51.80 
	2.49 
	-0.11 

	STEFAN
	51.27 
	1.29 
	-0.06 

	Average
	64.56 
	0.47 
	-0.01 


Table 6 Simulation result for methods [3][4] in Exp 2
	
	TS [%]
	BDBR [%]
	BDPSNR [dB]

	AKIYO
	21.12 
	0.61 
	-0.05 

	SILENT
	18.22 
	3.73 
	-0.17 

	FOREMAN
	18.12 
	3.98 
	-0.19 

	NEWS
	17.94 
	2.86 
	-0.15 

	CONTAINER
	17.76 
	1.96 
	-0.16 

	MOBILE
	11.72 
	0.45 
	-0.02 

	STEFAN
	15.18 
	1.04 
	-0.05 

	Average
	17.15 
	2.09 
	-0.11 


Table 7 Simulation result for fast-high complexity mode in Exp 2

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

	AKIYO
	77.83 
	-0.89 
	0.05 

	SILENT
	71.34 
	3.50 
	-0.16 

	FOREMAN
	61.79 
	5.43 
	-0.26 

	NEWS
	73.84 
	1.87 
	-0.10 

	CONTAINER
	78.06 
	1.12 
	-0.10 

	MOBILE
	54.22 
	2.98 
	-0.13 

	STEFAN
	55.07 
	3.59 
	-0.18 

	Average
	67.45 
	2.51 
	-0.12 


In Table 4 and 7, we can see that overall time saving of given methods is about 27% for IPPP case and 67% for IBBP case. It means that H.264 main profile encoder running under fast high-complexity mode is at most 3 times faster than the main profile encoder running under the high-complexity mode. In this case, BDBR and BDPSNR loss are 2.51% and -0.12dB, respectively. Besides, we don’t see any visual artifact from fast-high complexity mode case in compare with conventional high complexity mode case. The result shows that the fast high-complexity mode significantly reduces overall encoding time with only negligible degradation.

Conclusion

H.264/AVC can choose whether an encoder uses rate distortion optimization method or not. Since RD optimization scheme provides significant coding gain, we cannot easily drop it to reduce complexity. To speed-up the decision process under complex RD optimization, several fast mode decision schemes were adopted. In this information contribution, we showed that the overall performance of the fast high complexity mode  in terms of BDBR and entire encoding time. The experimental results show that it considerably reduces encoding time only with negligible coding loss.
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