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1 Introduction

To improve the coding efficiency of SVC (Scalable Video Coding), we propose symbol prediction technique to reduce the bit-rates of residual prediction flag in JSVM 2.0 [1] . We suggested that change residual prediction flag coding process to improve coding efficiency [3] 
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[4] 
2 Improved coding scheme of residual prediction flag 
According to the current JSVM2 implementation, residual_pred_flag is set to one if the base-layer residual is used for predicting the current inter residual. However, if the base-layer residual in the macroblock has no non-zero pixel, the coding of residual_pred_flag is not required. Thus we encode reversed residual prediction flag instead of the residual_pred_flag itself to increase number of '0'. It provides some performance gain when the VLC is used instead of CABAC. Figure 1 shows this case.
This process can be summarized as:

· Skip coding of residual_pred_flag if base-layer residual has no non-zero pixels.

· Code reversed residual prediction flag (= 1-resiudal_pred_flag )
It should be noted that this kind of prediction technique is especially useful when VLC-based coder is used since the new technique generates more zeros than the original one. Fig. 1 shows the proposed residual_pred_flag coding process.
Furthermore, CABAC model is used same as BLSKIP flag. It gives more bit-rate saving than that of residual prediction flag. 
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Figure 1 Coding process of residual_pred_flag
3 Decoding Process and Syntax and semantics modifications

3 Decoding process 

Decoding process can be summarized as:

· If base-layer’s energy is zero, residual prediction flag is inferred as `0`
· If bas-layer’s energy is non-zero, parsing the reversed_residual_pred_flag and set residual_pred_flag to (1- reversed_residual_pred_flag)
3 Syntax and semantics modification
Syntax changes:

Change residual_pred_flag as reversed_residual_pred_flag
Semantics:

Reversed_residual_pred_flag represents a reversed symbol with residual_pred_flag. If base-layer’s energy(excluding FGS layer’s energy) is zero, residual_pred_flag can be inferred `0`.
4 Experimental Results
We used 4 CIF and 4 4CIF sequences and we simulated two test conditions, Munich and Spatial scalability. The configuration is based on Munich configuration except the inter-layer prediction option is set to 2 (adaptive prediction) for all layers since the proposed method only works for these cases. The proposed method was integrated into JSVM2.0 software and the result was compare to those of JSVM2. 
4 Munich Test Condition
Since our methods do not change the PSNR values, exact same Qp values used for generating the anchor results are re-applied to generate the PSNR curves of the proposed method, thus all PSNR values are the same and only bit-rate reduction can be shown. As you can see, about 0.4-3.3 % bit-rate reductions in each layer can be observed for almost all test points. 
	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio 
in each layer

	516.15
	N/A

	386.82
	

	193.73
	

	95.28
	

	ResPred
	
	
	

	509.63
	-6.52
	-3.09
	-2.45%

	383.40
	-3.43
	-1.57
	-0.82%

	191.88
	-1.86
	-1.38
	-1.42%

	94.80
	-0.48
	-0.47
	-1.51%


Table 1 Bit-rate saving analysis of Bus sequence
	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio in each layer

	1027.01
	N/A

	508.83
	

	384.51
	

	193.79
	

	ResPred
	
	
	

	1016.74
	-10.27
	-3.85
	-0.75%

	502.41
	-6.42
	-3.57
	-2.96%

	381.66
	-2.85
	-2.61
	-1.39%

	193.55
	-0.24
	-0.24
	-0.37%


Table 2 Bit-rate saving analysis of Football sequence

	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio in each layer

	258.15
	N/A

	193.84
	

	96.10
	

	47.56
	

	ResPred
	
	
	

	253.86
	-4.30
	-2.04
	-3.27%

	191.58
	-2.26
	-1.02
	-1.05%

	94.86
	-1.24
	-0.92
	-1.93%

	47.23
	-0.32
	-0.32
	-2.08%


Table 3 Bit-rate saving analysis of Foreman sequence

	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio in each layer

	385.69
	N/A

	256.37
	

	128.76
	

	64.10
	

	ResPred
	
	
	

	381.88
	-3.81
	-1.71
	-1.34%

	254.28
	-2.10
	-0.96
	-0.76%

	127.63
	-1.13
	-0.80
	-1.26%

	63.78
	-0.33
	-0.33
	-2.08%


Table 4 Bit-rate saving analysis of Mobile sequence

	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio in each layer

	2029.10
	N/A

	1018.64
	

	516.51
	

	258.23
	

	129.02
	

	ResPred
	
	
	

	2015.18
	-13.92
	-6.86
	-0.68%

	1011.57
	-7.06
	-3.88
	-0.78%

	513.33
	-3.19
	-1.47
	-0.57%

	256.51
	-1.71
	-1.11
	-0.86%

	128.42
	-0.61
	-0.61
	-0.94%


Table 5 Bit-rate saving analysis of City sequence

	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio in each layer

	3069.06
	N/A

	1545.32
	

	767.72
	

	386.57
	

	193.17
	

	ResPred
	
	
	

	3031.11
	-37.95
	-18.38
	-1.22%

	1525.75
	-19.57
	-13.39
	-1.75%

	761.54
	-6.18
	-3.53
	-0.93%

	383.92
	-2.65
	-2.30
	-1.21%

	192.82
	-0.35
	-0.35
	-0.36%


Table 6 Bit-rate saving analysis of Harbour sequence

	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio in each layer

	3057.06
	N/A

	1543.28
	

	764.89
	

	386.81
	

	191.52
	

	ResPred
	
	
	

	3009.68
	-47.38
	-22.70
	-1.52%

	1518.59
	-24.69
	-16.59
	-2.18%

	756.79
	-8.10
	-3.90
	-1.04%

	382.61
	-4.20
	-3.33
	-1.74%

	190.66
	-0.87
	-0.87
	-0.92%


Table 7 Bit-rate saving analysis of Crew sequence

	Anchor
	Bit-rate Reduction
	Net gain
	Reduction ratio in each layer

	3089.84
	N/A

	1528.98
	

	767.08
	

	381.02
	

	191.23
	

	ResPred
	
	
	

	3047.93
	-41.91
	-18.90
	-1.23%

	1505.97
	-23.01
	-14.43
	-1.93%

	758.49
	-8.58
	-4.28
	-1.12%

	376.72
	-4.31
	-3.25
	-1.74%

	190.17
	-1.06
	-1.06
	-1.12%


Table 8 Bit-saving analysis of Soccer sequence

As shown in the previous eight tables, the bit-rate reduction ratio in each layer is up to 3.3% without any changes of PSNR values. Although the bits allocated to these symbols are not large, clearly better coding efficiency can be achieved by the proposed methods. Furthermore, if VLC is used instead of CABAC, the prediction approach of the proposed method can be more beneficial since more zero symbols will be used.
4 Spatial Scalability Test condition

We simulated in spatial scalability test condition with R-D cost estimation. As you can see, about 0-0.1dB PSNR gain can be observed for almost all test points. Some sequence (see Foreman, City, Harbour) clearly improved by proposed prediction scheme of residual prediction flag. The following figures show simulated results.
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Figure 2 PSNR curves of Bus CIF@30Hz sequence.
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Figure 3 PSNR curves of Football CIF@30Hz sequence.
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Figure 4 PSNR curves of Foreman CIF@30Hz sequence.
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Figure 5 PSNR curves of Mobile CIF@30Hz sequence.
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Figure 6 PSNR curves of CITY CIF@30Hz sequence.
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Figure 7 PSNR curves of CITY 4CIF@30Hz sequence.
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Figure 8 PSNR curves of Harbour CIF@30Hz sequence.
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Figure 9 PSNR curves of Harbour 4CIF@30Hz sequence.
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Figure 10 PSNR curves of Soccer CIF@30Hz sequence.
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Figure 11 PSNR curves of Soccer 4CIF@30Hz sequence.
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Figure 12 PSNR curves of Crew CIF@30Hz sequence.
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Figure 13 PSNR curves of Crew 4CIF@30Hz sequence.

5 Conclusion 
We propose symbol prediction techniques to reduce the bit-rates of residual prediction flag. The bit-rates can be clearly reduced about 1-7% of total bit-rates in Munich test condition. In spatial scalability test condition, we can achieve PSNR gain up to about 0.1dB. So we conclude that proposed method is efficient in residual prediction flag.
In previous meeting, someone pointed out that proposed method has problem, due to mismatch between encoder and decoder, when if an enhancement layer is coded on top of an FGS Layer. In that case, we only use base-layer’s energy with excluding base-layer’s FGS picture energy.
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