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1. Motivation
To improve the coding efficiency of SVC (Scalable Video Coding), we propose symbol prediction technique to reduce the bit-rates of macroblock mode, residual prediction flag, and MotPredFlag in JSVM 1.0 [1].
2. Symbol Prediction techniques for SVC
2.1 Prediction of residual prediction flag

We propose a method to predict residual prediction flag from base layer or spatial neighborhood. Let this value be the RPPrd. If the prediction value of the residual prediction flag is same to the residual prediction flag, encodes '0', otherwise, encodes '1'. The residual prediction flag itself is not encoded since it can be derived from the RPPrd and the encoded binary symbol.
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Figure 1 Proposed prediction of Residual prediction flag coding process
More optimization
If the energy of the base-layer residual is zero, the residual prediction has no meaning actually. Thus, in this case, the residual prediction flag itself can be skipped. Furthermore, if the base-layer residual energy is not zero, it is very likely that the residual prediction flag is used. Thus, we encode reversed residual prediction flag instead of the residual prediction flag itself to increase the number of '0'. It provides some performance gain when the VLC is used instead of CABAC. Figure 2 shows this case.
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Figure 2 Proposed quantization process of residual prediction flag
Proposed Encoding Process

1. If energy of base-layer residual is zero, skip coding of residual prediction flag.
2. Otherwise, encodes '1-residual prediction flag'
2.2 Prediction of Macroblock Mode

Figure 2 shows macroblock mode coding process in JSVM 1.0 [1]. We suggest predictive macroblock mode as shown Figure 3. There is can be predicted current layer’s macroblock mode from base layer’s or spatial neighborhood’s macroblock mode. If prediction value from base layer or spatial neighborhoods and current layer’s macroblock mode is the same, we just write symbol '1' and don’t write any symbol such as macroblock mode and BLFlag. Otherwise, if the prediction value of mb_type is Intra4x4 or Intra-BL mode, we omit BLFlag, since it can be derived from the prediction value. 
Prediction value can be obtained from base layer’s macroblock or neighborhood macroblock types. Figure 3 shows macroblock mode coding process in JSVM 1.0 [1], and Figure 4 shows proposed prediction of macroblock mode prediction coding process.
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Figure 3 Macroblock mode coding process in JSVM 1.0

[image: image4]
Figure 4 Proposed predictive macroblock mode coding process
Proposed Encoding Process 

1. If prediction of macroblock mode is same as macroblock mode of current layer, write symbol '0'. 

2. If prediction of macroblock mode is not same as macroblock mode of current layer. 

A. Write symbol '1'

B. Write macroblock mode in current layer. 

C. If prediction of macroblock mode is Intra4x4 or Intra-BL, skip coding of BLFlag, otherwise:
i. If macroblock mode is Intra4x4 or Intra-BL, then write BLFlag,
ii. Otherwise skip coding of BLFlag.
2.3 Prediction of MotPredFlag
If prediction value from base layer and spatial motion vector prediction value is same, then we can omit MV prediction flag. It reduces symbol overhead in MotPredFlag. Figure 4 shows proposed MotPredFlag coding process.
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Figure 5 Proposed MotPredFlag coding process
Proposed Encoding Process

1. If spatial MV prediction is equal to base MV prediction, skip coding of MVPredFlag.
2. Otherwise, codes MvPredFlag as usual.
3. Decoding process

3.1 Decoding process of residual prediction flag
1. If energy of residual prediction of base layer is zero, set residual_prediction_flag to zero. 

2. Otherwise, residual_prediction_flag = 1 – encoded symbol.
Decoding process of macroblock mode

1 Obtain prediction of Macroblock mode (MbPrd) from the base-layer macroblock mode or neighbouring macroblock modes.
2 If the decoded binary symbol is 0, mb_mode = MbPrd.
3 Otherwise, decodes macroblock mode (mb_mode).
4 If MbPrd is Intra4x4 or IBL, then BLFlag is set according to MbPrd.
5 Otherwise, if mb_mode is Intra4x4 or IBL, decodes BLFlag.
Decoding process of motion vector prediction
1 When spatial MV prediction and base MV prediction has the same values, then set motion vector prediction flag to 0.

2 Otherwise no change in motion vector prediction flag.
4. Experimental results

We used 4 CIF sequences. 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 following table shows the test points.
	
	QCIF@7.5Hz
	QCIF@15Hz
	CIF@15Hz
	CIF@30Hz
	4CIF@30Hz
	4CIF@60Hz

	BUS
	64
	96
	192

384
	512
	X
	X

	FOOTBALL
	128
	192
	384

512
	1024
	X
	X

	FOREMAN
	32
	48
	96

192
	256
	X
	X

	MOBILE
	48
	64
	128

256
	384
	X
	X


The proposed three schemes were integrated into JSVM 1.0 software [4] and the results were compared to those of JSVM 1.0. 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 1-2% bit-rate reductions can be observed for almost all test points. It should be noted that the performance can be more improved if the proposed method are incorporated in the R-D cost computation process whereas the proposed method is only included in the quantization process now.
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Figure 6 PSNR curves of BUS sequence
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Figure 7 PSNR curves of Foreman sequence
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Figure 8 PSNR curves of Football sequence
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Figure 9 PSNR curves of Mobile sequence
Bit-rates analysis of BUS sequence
	Anchor
bit-rates (kbps)
	Bit-rate reduction
(kbps)
	Net gain

in each layer
(kbps)
	Gain to

each symbol

bit-rates (%)

	62.27 
	N / A

	95.18 
	

	192.01 
	

	386.98 
	

	513.31 
	

	MbMode prediction
	
	
	

	62.27
	0.00
	
	

	95.21
	0.03
	0.03
	-30%

	191.71
	-0.30
	-0.33
	6%

	385.52
	-1.46
	-1.16
	13%

	511.70
	-1.61
	-0.15
	8%

	Res. Prd. flag prediction
	
	
	

	62.27
	0.00
	
	

	94.70
	-0.48
	-0.48
	92%

	190.80
	-1.20
	-0.72
	40%

	384.76
	-2.22
	-1.01
	57%

	508.34
	-4.97
	-2.75
	92%

	MotPred prediction
	
	
	

	62.27
	0.00
	
	

	95.17
	-0.01
	-0.01
	13%

	191.82
	-0.19
	-0.18
	11%

	386.16
	-0.81
	-0.63
	17%

	512.31
	-1.00
	-0.18
	32%

	All techniques
	
	
	

	62.27 
	0.00 
	
	

	94.72 
	-0.46 
	-0.46 
	67%

	190.30 
	-1.70 
	-1.25 
	14%

	382.44 
	-4.54 
	-2.84 
	20%

	505.70 
	-7.61 
	-3.07 
	58%


Bit-rates analysis of FOREMAN sequence

	Anchor

bit-rates (kbps)
	Bit-rate reduction

(kbps)
	Net gain

in each layer

(kbps)
	Gain to

each symbol

bit-rates (%)

	32.20 
	N / A

	48.46 
	

	97.42 
	

	193.05 
	

	258.50 
	

	MbMode prediction
	
	
	

	32.20 
	0.00 
	
	

	48.47 
	0.02 
	0.02 
	-20%

	97.50 
	0.08 
	0.06 
	-2%

	192.48 
	-0.57 
	-0.65 
	8%

	257.96 
	-0.53 
	0.04 
	-13%

	Res. Prd. flag prediction
	
	
	

	32.20 
	0.00 
	
	

	48.15 
	-0.30 
	-0.30 
	86%

	96.52 
	-0.90 
	-0.60 
	59%

	191.47 
	-1.58 
	-0.67 
	62%

	255.43 
	-3.07 
	-1.49 
	83%

	MotPred prediction
	
	
	

	32.20 
	0.00 
	
	

	48.45 
	-0.01 
	-0.01 
	18%

	97.25 
	-0.17 
	-0.16 
	22%

	192.36 
	-0.69 
	-0.52 
	22%

	257.77 
	-0.72 
	-0.04 
	23%

	All techniques
	
	
	

	32.20 
	0.00 
	
	

	48.17 
	-0.29 
	-0.29 
	61%

	96.44 
	-0.98 
	-0.70 
	13%

	190.24 
	-2.81 
	-1.82 
	15%

	254.19 
	-4.30 
	-1.50 
	66%


As shown in the previous two tables, the bit-rate reduction ratio is up to 67% 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. In addition, the bit-rates for macroblock modes were slightly increased by the proposed macroblock mode prediction method (see FOREMAN result) when the total bit-rates allocated to the macroblock modes are extreamly small, the overall bit-rate reduction is maintained. For the future works, we will investigate the better prediction scheme for the macroblock modes.
5. Conclusion

We propose three symbol prediction techniques to reduce the bit-rates of residual prediction flag, macroblock mode, and MotPredFlag. The bit-rates can be clearly reduced about 1-2% of total bit-rates, whereas up to 67% of the corresponding symbol bit-rates. Especially, the bit-rates of residual prediction flag can be reduced up to 92% compared to the current JSVM 1.0 implementation.
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