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1. Introduction
Core experiment of Improved Macroblock Prediction Modes was established at Pattaya meeting. Two core experiments, VPM1 and VPM2 are described in the core experiment document VCEG-O61[1]. VPM1 can use an intra prediction sub-blocks for inter prediction macroblocks, however VPM2 can use only inter prediction. 

We propose a method of introducing an intra prediction for inter prediction macroblock into VPM2 method. By introducing the proposed method, average 0.79% bits can be saves compared to the original VPM2, and 4.85 % compared to the original TML9.0.

2. Proposed Method
2.1. Brief description of VPM2

In VPM2 method, an newly prediction mode set which has two segments is introduced to TML9.0. Figure 1 shows the set of prediction modes of VPM2. Mode 1-14 has two segmented regions in a macroblock. In the VPM2, motion vector and reference frame number is coded for each segments if the macroblock is segmented into two regions.
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Figure 1 An prediction mode set of VPM2 Method.

2.2. Description of the Proposal Method

Our proposal is introducing intra coded segment for the macroblock that is segmented into two regions. This intra coded segment is treated as same way as the original inter coded segments except for intra prediction.

Intra prediction method and coding structure of intra coded segment is the same as Intra 4x4 macroblock coding defined in TML9.0. In the proposal method, some 4x4 blocks may refer the reconstructed pixel of inter coded segment in the same macroblock. Therefore, inter coded segment has to be reconstructed before intra prediction.

To indicate which segment is coded as Intra, we extend the semantics of Ref_frame. Table 2 shows Ref_frame codewords for this proposal. Intra indicates the corresponding segment is coded as Intra.

Table 1 Code of Ref_frame

	Code Number
	Reference Frame

	0
	1 frame back

	1
	2 frame back

	2
	3 frame back

	3
	4 frame back

	4
	5 frame back

	5
	Intra


Two Ref_frame code corresponding the region are coded for macroblock segmented into two region. As no motion vector is needed for the intra coded segment, only one motion vector is coded if the macroblock has the intra segmented region. 

For the 4x4 blocks in the intra coded segment, intra prediction modes are coded by combining the prediction modes of successive two 4x4 blocks (Prob0 and Prob1 of TML 9.0). Figure 2 shows an order to encode intra prediction modes. The combining two block is achieved in this order in the intra coded segment. If the number of blocks in intra coded segment is odd, prediction mode of the last block can’t be paired. In that case, Prob0 is directly coded without combining.
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Figure 2 Order to encode intra prediction mode.

2.3. Encoding Process

Figure 3 shows flow of encoding process. Procedure of motion estimation and mode decision is the same as CE1.2 of VPM2 (described in Section 2.2.3 VCEG -O61). A decision whether segment is intra coded or inter coded is conducted between motion estimation and macroblock based mode decision. 
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Figure 3 Flow of encoding process.

In a segment mode decision, following procedure is conducted for the segmented macloblock into two regions, that is from Mode 1 to Mode 14 in Figure 1.

1. Reconstruct blocks in each segment only by using motion vectors and reference frame of motion estimation. This procedure is conducted both segments.

2. Decide Intra 4x4 mode of block in each segment by using TML9 procedure. 

3. Choose the intra coded segment if it minimizes the Lagrangian function used in macroblock base mode decision. 

3. Simulation

3.1. Test Conditions

Test conditions are the same as CE1.2 described in Section 3.1 VCEG-O61. Simulation software is developed on TML9.0 software. The other conditions are follows.

· The number of reference frame is 5.

· Entropy coding is UVLC.

· Anchor is TML9.0 using rate distortion optimizing mode.

Difference of bit rate and PSNR are calculated by using avsnr software.

3.2. Simulation Result

Table 2 shows the improvement of the proposed method when the proposal method are compared to VPM2 and TML9.0. Figure 4-10 shows RD-curves. 

The performance of the proposed method is superior to VPM2 in all sequences. Difference of averaged bit saving between the proposed method and VPM2 is 0.79%. In News, Foreman and Silent Voice, the proposed method can reduce bits more than 1% than VPM2 method. However improvement is not significant because these sequences do not have non-rigid motion or uncovered region where intra prediction works better than inter prediction. 

Difference of averaged bit saving between the proposed method and TML9.0 is 4.85%. Therefore the proposed method based on VPM2 is very efficient comparing to TML9.0.

Table 2 Improvement of the proposed method.

	Sequence Name
	Improvement against VPM2
	Improvement against TML9

	
	Difference of Bitrate (%)
	Difference of PSNR (dB)
	Difference of Bitrate (%)
	Difference of PSNR (dB)

	Container (QCIF,10 fps)
	-0.20 
	0.01 
	-1.59 
	0.08 

	News (QCIF,10 fps)
	-1.29 
	0.07 
	-4.76 
	0.28 

	Foreman (QCIF,10 fps)
	-1.49 
	0.08 
	-6.72 
	0.35 

	Paris (CIF,15 fps)
	-0.43 
	0.02 
	-4.31 
	0.22 

	Silent Voice (QCIF,15 fps)
	-1.14 
	0.05 
	-5.91 
	0.30 

	Mobile (CIF,30 fps)
	-0.17 
	0.01 
	-4.76 
	0.23 

	Tempete (CIF,30 fps)
	-0.82 
	0.03 
	-5.88 
	0.26 

	average
	-0.79 
	0.04 
	-4.85 
	0.24 


4. Conclusion

The proposed method can reduce the bit of VPM2 method 0.79% in average, 1% for many sequences. This means the proposed method can reduce 4.85% bits compared to VM9.0 in the average. 

Therefore, we proposed to adopt the proposed method into the next TML.

5. References

[1] “Core Experiments on Improved Macroblock Prediction Modes”, VCEG -O61, December 2001.
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Figure 4 RD-curves of “Container”.
Figure 5 RD-curves of “News”.
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Figure 6 RD-curves of “Foreman”.
　　　Figure 7 RD-curves of “Paris”.
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Figure 8 RD-curves of “Silent Voice”.
Figure 9 RD-curves of “Mobile”.
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Figure 10 RD-curves of “Tempete”.
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