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1. Introduction

B pictures support five different prediction modes; direct, forward, backward, bi-directional and intra prediction modes. Among them, forward and backward modes employ motion compensating with multiple block sizes 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4. It is apparent that the motion estimation complexity of B pictures is larger than that of P pictures, since large number of different block sizes at forward and backward modes cause the overhead in motion estimation.

The most complex task of the encoder is motion estimation as shown in VCEG-M50. This document proposes the way to lighten the computational burden on encoding B pictures by reducing the computations for motion estimation. Our solution to the complexity issue is to employ only four block types (16x16, 16x8, 8x16, and 8x8) at forward and backward modes. 

2. Forward / Backward Modes with Four Block Types

For the reduction of overall motion estimation complexity in B pictures, we paid attention to the following two facts. First, in VCEG-M47, the motion estimation analysis in P pictures shows that 25% of the time is occupied for 16x16 block type, and the remaining 75% is evenly divided for the other block types. This analysis can be expanded to forward and backward modes of B pictures, respectively. For example, 16x16 block type in forward mode occupies 25% of motion estimation complexity limited into forward mode and the other block types in forward mode evenly share 75% of the complexity limited to forward mode. And also backward mode has the same distribution of motion estimation complexity. Secondly, according to the theoretical UVLC probability distribution in B pictures, the distributions of forward_8x4, backward_8x4, forward_4x8, backward_4x8, forward_4x4, and backward_4x4 are under 0.8%. In fact, the simulation results showed that the probability of forward and backward modes with block types 8x4, 4x8, and 4x4 was very lower and that implies they don’t seem to have large influence on improving coding performance in comparison with forward and backward modes with the other block types (i.e., forward_16x16, backward_16x16, forward_16x8, backward_16x8, forward_8x16, backward_8x16, forward_8x8, and backward_8x8).

Based on these two facts, we can derive that excluding 8x4, 4x8, 4x4 blocks from forward and backward motion estimation will drop the overall motion estimation complexity. Table 1 shows the reduced MB prediction types for reducing the computational complexity in B pictures.  Those MB prediction modes are direct, forward (forward_16x16, forward_16x8, forward_8x16, and forward_8x8,), backward (backward_16x16, backward_16x8, backward_8x16, and backward_8x8), bi-directional, and intra modes.

	0
	Direct
	
	
	
	
	

	Code_number
	Prediction Type
	Intra_pred

_mode
	Ref_frame1
	Blk_size
	MVDFW
	MVDBW

	1
	Forward_16x16
	
	X
	
	X
	

	2
	Backward_16x16
	
	
	
	
	X

	3
	Bi-directional
	
	X
	X
	X
	X

	4
	Forward_16x8
	
	X
	
	X
	

	5
	Backward_16x8
	
	
	
	
	X

	6
	Forward_8x16
	
	X
	
	X
	

	7
	Backward_8x16
	
	
	
	
	X

	8
	Forward_8x8
	
	X
	
	X
	

	9
	Backward_8x8
	
	
	
	
	X

	10
	Intra_4x4
	X
	
	
	
	

	11
	Intra_16x16
	
	
	
	
	

	…
	…
	
	
	
	
	


Table 1. UVLC table to reduce motion estimation complexity

3. Experimental Results and Conclusion

The experimental results are presented in VCEG-N32.xls, in which experiments are all based on tml 8.0. The encoding complexity using the reduced MB prediction types (Table 1) is compared against that of B pictures in tml 8.0 in terms of encoding time. The experimental results show that encoding with the reduced MB prediction types gives computational saving of up to 25%. For calculating objective differences between RD curves, VCEG-N32.xls also includes difference SNR (DSNR) as well as bit rate savings using avsnr4. The summary shows such an affirmative results as the encoding with the reduced MB prediction types provides no video quality degradation and even infinitesimal bit rate savings.

For the comparison of ours with an another computational saving approach, we tried to test the following. As an example of another approach, we adopted that forward and backward modes only used 16x16, 8x8, and 4x4 block types instead of 16x16, 16x8, 8x16, and 8x8. VCEG-N32.xls shows that this approach caused minor video quality degradation as well as some increase of bit rate. Therefore, the way to use three block types at forward and backward modes is not reasonable.

We have shown a technique that can significantly reduce motion estimation complexity by reducing the number of MB prediction types and still maintain the flexibility for maximization of coding efficiency. Thus, we suggest a consideration of adopting the proposal into tml B picture encoding.
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