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1. Introduction
According to the CD[1], B picture can refer to the previous B-pictures in addition to I- and P-pictures, however, when the co-located blocks in the backward reference picture does not refer to a B-pictures, a B-picture cannot be referred to as the forward reference picture in direct mode even if it is the most recent previous picture.

In this document, we propose a method to clean up these problems. In the proposed method, the forward reference picture used in direct mode is set to index 0 of the forward reference set. According to the simulation results, the proposed method improves the coding efficiency about 1-7 %.
2. Background

At the Pattaya meeting and the Geneva meeting, we proposed a new additional prediction method for B-pictures [2] [3], which improved coding efficiency significantly. However, our proposal was not adopted, because the consideration for the bi-predictive prediction was not enough. Furthermore at the Fairfax meeting, the scaling factors in direct mode (direct_mv_scale_fwd, direct_mv_scale_bwd, direct_mv_divisor) were introduced as substitution for temporal references.

In this document, we propose a revised method considering above changes. The proposed method is simpler than the previous one and needs only one change to CD.

3. Proposed Method
Figure 1 shows a example of picture sequence with temporal order. The coding order of this example is  “P1”,”P4”,”B2”,”B3”. Thiat is,  “P4” can refer only “P1”, “B2” and.”B3” can refer “P1” and “P4”.
According to the CD[1], the forward reference picture in direct mode of the current block “bl3” is the same as the forward reference picture of the co-located block “bl4” in the backward reference picture “P4”. Therefore, “B2” cannot be reference picture in direct mode even if it may the most recent previous picture.

In the proposed method, the forward reference picture in direct mode is set to the picture with index 0 of the forward reference set. Therefore the reference picture of the current picture is independent of the referencepicture of the co-located block “bl4”. Because index 0 is usually assigned to the most recent temporally previous picture “B2”, this proposal is the best relationship for “bl3”.

Fortunately, this simple modification to CD can also solve an ambiguousness of the reference picture whena co-located block has no forward references. According to this proposal, if the co-located block “bl4” has no forward references, the forward reference picture of “bl3” is determined as “B2” instantly.
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Figure 1: The reference relationship in direct mode
4. Simulation Results
4.1. Conditions of Simulation

Simulation conditions follow VCEG-N81 (recommended simulation common condition):

· Based software version: JM2.0.
· RD optimization: on.
· QP: 16, 20, 24, 28, and fixed for all over sequence.

· Picture coding type:  IBBPBBP for all simulations.

· Number of reference frames: 5 frames.
· The motion vector search range: 32 pels.

· Motion compensation: 1/4-pel accuracy for QCIF, 1/8-pel accuracy for CIF.

· Other coding options: using Hadamard, using CABAC, and no slice structure.

· Test sequences: see Table 1. 
Table 1: Test sequences
	Frame Skip
	2
	1
	0

	Sequences
	Container, QCIF,300
News, QCIF,300
Foreman, QCIF,300
	Paris, CIF,300
Silent Voice, QCIF,300
	Mobile CIF 300
Tempete CIF 260


To show that improvement of our proposed methods is independent of temporal reference, we simulated in two conditions. One is the result of using the temporal references for the motion vector scaling “With TR”, and the other is the result of  the scaling factors used substituting for temporal references “Without TR”. The value of the scaling factors are shown in Table 3. Since the picture coding type is “IBBPBBP” in this simulation, the scaling factors depend on the position of B-picture whether it is “1st B-picture” or “2nd B-picture”.

Table 2: The value of the scaling factors

	
	
	Direct_mv_scale_fwd
	Direct_mv_scale_bwd
	Direct_mv_divisor

	1st B-picture
	Proposed
	1
	2
	3

	
	Anchor
	1
	2
	3

	2nd B-picture
	Proposed
	1
	1
	3

	
	Anchor
	2
	1
	3


4.2. Simulation Results
Table 3 shows the bit savings and PSNR differences for B-pictures of the proposed method compared to CD. These values are calculated by using avsnr software. And R-D curves for B-pictures of each sequence are shown from Figure 2 to Figure 5. These results show that the proposed method improves the coding efficiency for every sequence. The improvement is achieved at any QP and independent whether temporal reference is used or not.

Table 3: Improved avsnr of B-pictures by proposed method.
	
	With TR
	Without TR

	
	Bit savings (%)
	PSNR (dB)
	Bit savings (%)
	PSNR (dB)

	Foreman
	1.16 
	0.054 
	0.92 
	0.043 

	Container
	6.80 
	0.400 
	6.72 
	0.390 

	News
	2.56 
	0.146 
	2.56 
	0.146 

	Silent voice
	3.70 
	0.174 
	3.58 
	0.167 

	Paris
	4.67 
	0.229 
	4.48 
	0.220 

	Mobile 
	4.30 
	0.161 
	1.93 
	0.074 

	Tempete
	2.26 
	0.077 
	3.31 
	0.119 


5. Proposed Revised Text

11.4.3
Motion vectors in direct mode
If the multiple reference frame prediction is used, the forward reference picture for direct mode is set to the picture with index 0 of the forward reference set. Also note that if the picture with index 0 of the backward reference set is an intra-coded picture or the reference macroblock is an intra-coded block or it doesn’t use forward prediction, the motion vectors are set to zero. With possible adaptive switch of frame/field coding at picture level, a B-picture can be coded in either frame structure or field structure. 
6. Conclusions
In this contribution, we propose the method that the reference picture in direct mode is set to the picture whit index 0 of the forward reference set. The modification to CD is very simple. According to the simulation results, the proposed method improves the coding efficiency about 1-7 % independent whether temporal reference is used or not. And it also clarifies the reference picture in direct mode when the co-located block has no forward references. Therefore we propose to incorporate this modification into FCD.
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Figure 2: R-D curve for B-picture of “Container” (With TR)
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Figure 3: R-D curve for B-picture of “Paris” (With TR)
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Figure 4: R-D curve for B-picture of “Container” (Without TR)
[image: image4.emf]26

27

28

29

30

31

32

33

34

35

36

0200040006000800010000120001400016000

Bits (bit/frame)

PSNR (dB)

Anchor

Proposed


Figure 5: R-D curve for B-picture of “Paris” (Without TR)
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