	[image: image7.png]


[image: image8.png]


Joint Collaborative Team on Video Coding (JCT-VC)

of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11
7th Meeting: Geneva, CH, 21-30 November, 2011
	Document: JCTVC-G173

WG11 Number: m21726


	Title:
	Cross-channel intra chroma residual prediction

	Status:
	Input Document to JCT-VC

	Purpose:
	Proposal 

	Author(s) or
Contact(s):
	Yi-Jen Chiu
2200 Mission College Blvd.
Santa Clara CA USA 95054
	
Tel:
Email:
	
408-765-9494
yi-jen.chiu@intel.com

	
	Yu Han
8F Raycom Infotech Park A, No. 2 KeXueYuan South Rd., Haidian District, Beijing, China, 100190
	
Tel:
Email:
	
86-10-82171388
yu.han@intel.com

	
	Lidong Xu
8F Raycom Infotech Park A, No. 2 KeXueYuan South Rd., Haidian District, Beijing, China, 100190
	
Tel:
Email:
	
86-10-82171425
lidong.xu@intel.com

	
	Wenhao Zhang
8F Raycom Infotech Park A, No. 2 KeXueYuan South Rd., Haidian District, Beijing, China, 100190
	
Tel:
Email:
	
86-10-82171657
wenhao.zhang@intel.com

	
	Hong Jiang
2200 Mission College Blvd.
Santa Clara CA USA 95054
	
Tel:
Email:
	
916-356-0457
hong.h.jiang@intel.com



	Source:
	Intel Corp.


_____________________________
Abstract

This contribution reports the cross-channel residual prediction technique to improve the intra chroma prediction of HM 4.0. The cross-channel residual prediction technique modifies Cr prediction sample  from the reconstructed Cb residuals. Compared to the HM4.0 anchor, the proposed cross-channel intra chroma residual prediction technique reports an average BD bitrate improvement of -0.4% on Y, -1.1% on Cb, -2.8% on Cr for the common test condition of AI_HE cases, and of -0.3% on Y, -0.8% on Cb, -3.3% on Cr for the common test condition of AI_LC cases, classes A-F, without significant impact on the CPU run time (1% increase in Enc time, 0% increase in Dec time for AI_HE cases, 0% increase in both Enc/Dec time for AI_LC cases). For classes A-E, it is reported that BD bitrate reduction to be -0.3%, -1.0%, -3.0% for AI_HE, and -0.3%, -0.6%, -3.5% for AI_LC. Additonal data of the combined G172 & G173 is reported to demonstrate an average BD bitrate reductions of -0.6% on Y, -1.6% on U, -3.0% on V for AI_HE case and an average -0.5% on Y, -1.6% on U, -3.9% on V for AI_LC case. Also, with the adjustment of the weighting (=0.85) of chroma component in the RD cost equation, it is reported that G173 has a BD bitrate performance of -0.6% on Y, 1.0% on Cb, -0.5% on Cr for AL_HE case, and a BD bitrate performance of -0.5% on Y, 1.4% on Cb, -1.1% on Cr for AL_HE case.
1 Introduction
The cross-channel prediction techniques have been reported at JCT-VC meeting to improve the coding efficiency of HM reference software. At Geneva meeting of March of 2011, a LM mode of intra chroma prediction [1] is adopted to HM 3.0 reference software which utilizes the reconstructed luma pixels to predict the chroma pixels via a linear model of the correlation among the reconstructed luma pixels and the reconstructed chroma pixels (Cb and Cr). In [2], a study of the prediction technique for the chroma residual derived based upon the reconstructed luma residual is reported to improve the coding efficiency of HM 3.0 at Torino meeting. 
This contribution presents a cross-channel residual prediction technique to improve the intra chroma prediction of HM 4.0. Compared to the prior work [1, 2] of utilizing luma pixel information to predict the chroma pixel information, this proposed cross-channel residual prediction technique estimates the residual of Cr pixel based upon a linear model of the correlation among the collocated Cb and Cr pixels. That is, the residual of Cr pixel can be linearly predicted from the reconstructed residual of Cb. In this proposal, a fixed value is specified by encoder as the parameter of the linear model which is a tradeoff between performance and complexity.
2 Cr residual predicted from reconstructed Cb residual
The proposed prediction technique of estimating the Cr residual based upon the reconstructed Cb residual is always applied on the process of intra chroma prediction excluding the occurrence of LM mode. No additional control flag is required to indicate the occurrence of this cross-channel chroma residual. 
The flow of the proposed techniques is described in the following steps:

1. At the first step, the Cr pixels are predicted by the regular intra chroma prediction mode. For the pixel located at (x, y), the prediction of Cr pixel is denoted as
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2. If the intra chroma prediction mode at the first step does not belong to LM mode, a modified  prediction of Cr pixels is produced by the reconstructed residual of Cb pixels of the collocated PU. The prediction formula is proposed to be a linear model for the pixel located at (x, y) as follows,
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where Mod_PredCr is the modified prediction of Cr pixels and ResiRecCb´ is the reconstructed residual value of Cb pixels.
3. The final prediction of Cr pixel located at (x, y) is 
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 The parameter α is a fixed value (-1/2 by default). Cross-channel chroma residual prediction is not applied in LM mode.
3 Experimental results
The tables 1 and 2 summarize the coding efficiency results under the JCT-VC common test conditions for Intra HE and Intra LC configurations. Table 1 provides the result based on HM 4.0 reference software. Table 2 lists the result based on HM 4.0 with LM mode bug fix in CE6.
Table 1 - the performance of cross-channel intra chroma residual prediction on HM 4.0 reference software
	
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.3%
	-0.2%
	-2.7%
	-0.2%
	0.2%
	-3.0%

	Class B
	-0.1%
	-0.3%
	-3.2%
	-0.1%
	0.4%
	-3.4%

	Class C
	-0.5%
	-1.8%
	-3.0%
	-0.5%
	-1.5%
	-3.9%

	Class D
	-0.5%
	-1.9%
	-3.0%
	-0.5%
	-1.6%
	-4.0%

	Class E
	-0.3%
	-1.1%
	-2.8%
	-0.2%
	-1.0%
	-3.4%

	Class F
	-0.5%
	-1.5%
	-2.0%
	-0.4%
	-1.5%
	-2.4%

	Overall A-E
	-0.3%
	-1.0%
	-3.0%
	-0.3%
	-0.6%
	-3.5%

	Overall A-F
	-0.4%
	-1.1%
	-2.8%
	-0.3%
	-0.8%
	-3.3%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	100%
	100%


Table 2 - the performance of cross-channel intra chroma residual prediction on HM 4.0 with LM bug fix reference software
	
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.3%
	0.1%
	-2.4%
	-0.2%
	0.3%
	-2.9%

	Class B
	-0.1%
	-0.3%
	-3.2%
	-0.1%
	0.5%
	-3.4%

	Class C
	-0.5%
	-1.8%
	-2.9%
	-0.4%
	-1.5%
	-3.9%

	Class D
	-0.5%
	-1.9%
	-3.0%
	-0.4%
	-1.6%
	-4.0%

	Class E
	-0.3%
	-1.0%
	-2.8%
	-0.2%
	-1.0%
	-3.3%

	Class F
	-0.5%
	-1.6%
	-1.8%
	-0.4%
	-1.5%
	-2.5%

	Overall A-E
	-0.3%
	-1.0%
	-2.9%
	-0.3%
	-0.6%
	-3.5%

	Overall A-F
	-0.4%
	-1.1%
	-2.7%
	-0.3%
	-0.7%
	-3.3%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	102%


4 Conclusion
This contribution reports the cross-channel residual prediction technique to improve the intra chroma prediction of HM 4.0. The cross-channel residual prediction technique linearly estimates the residuals of Cr pixel from the reconstructed Cb residuals. From the simulation results, the reported technique improves the coding efficiency of intra chroma prediction. Compared to the HM4.0 anchor, the proposed cross-channel intra chroma residual prediction technique achieves an average BD bitrate improvement of -0.4% on Y, -1.1% on Cb, -2.8% on Cr for the common test condition of AI_HE cases, and of -0.3% on Y, -0.8% on Cb, -3.3% on Cr for the common test condition of AI_LC cases without significant impact on the CPU run time (1% increase in Enc time, 0% increase in Dec time for AI_HE cases, 0% increase in both Enc/Dec time for AI_LC cases).
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6 Additional data

The below table reports the summary data of the combined G172 & G173 which demonstrates an average BD bitrate reductions of -0.57% on Y, -1.62% on U, -2.98% on V for AI_HE case and an average -0.48% on Y, -1.58% on U, -3.87% on V for AI_LC case.
Figure 3 - Summary data of the combined G172 & G173
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	JCTVC-G172
	-0.23%
	-0.55%
	-0.33%
	-0.20%
	-0.84%
	-0.62%

	JCTVC-G173
	-0.35%
	-1.11%
	-2.79%
	-0.29%
	-0.78%
	-3.35%

	combined
	-0.57%
	-1.62%
	-2.98%
	-0.48%
	-1.58%
	-3.87%


Test results of combination of JCTVC-G172 ( T0L2I2 ) and G173
Figure 4 - Summary data of the combined G172 & G173 for classes A-F
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.32%
	0.52%
	-0.90%
	-0.25%
	0.78%
	-1.41%

	Class B
	-0.16%
	-0.55%
	-3.34%
	-0.12%
	-0.07%
	-3.72%

	Class C
	-0.83%
	-2.96%
	-3.86%
	-0.71%
	-3.08%
	-5.30%

	Class D
	-0.73%
	-2.78%
	-3.58%
	-0.64%
	-2.77%
	-5.03%

	Class E
	-0.27%
	-1.21%
	-3.26%
	-0.19%
	-1.29%
	-3.66%

	Class F
	-1.12%
	-2.87%
	-2.92%
	-0.97%
	-3.37%
	-4.08%

	Overall A-E
	-0.46%
	-1.36%
	-2.99%
	-0.38%
	-1.23%
	-3.83%

	Overall A-F
	-0.57%
	-1.62%
	-2.98%
	-0.48%
	-1.58%
	-3.87%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	101%


The below table shows the data of the encoding scenario with the adjustment of the weighting (=0.85) of chroma component in the RD cost equation, it is reported that G173 has a BD bitrate reduction of -0.6% on Y, 1.0% on Cb, -0.5% on Cr on AL_HE case, and a BD bitrate reduction of -0.5% on Y, 1.4% on Cb, -1.1% on Cr is reported for G173 on AL_HE case.
Figure 5 - Summary data of the G173 when RDO equation was configurated to be 0.85 for chroma components
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.5%
	2.1%
	-0.6%
	-0.4%
	2.6%
	-0.7%

	Class B
	-0.4%
	2.1%
	-0.5%
	-0.3%
	2.8%
	-0.8%

	Class C
	-0.8%
	0.4%
	-0.5%
	-0.7%
	0.6%
	-1.6%

	Class D
	-0.8%
	0.3%
	-0.6%
	-0.7%
	0.5%
	-1.7%

	Class E
	-0.5%
	1.3%
	0.1%
	-0.4%
	1.9%
	-0.3%

	Class F
	-0.7%
	-0.4%
	-0.6%
	-0.6%
	-0.3%
	-1.1%

	Overall A-E
	-0.6%
	1.3%
	-0.5%
	-0.5%
	1.7%
	-1.1%

	Overall A-F
	-0.6%
	1.0%
	-0.5%
	-0.5%
	1.4%
	-1.1%

	Enc Time[%]
	99%
	98%

	Dec Time[%]
	99%
	101%


The below Figure 6 shows a snapshot of Cr component map for the 2nd Cr frame of PeopleOnStreet coded with QP37 in AI_LC case. 
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Figure 6 - A part of the 2nd Cr frames of the input (top), the HM4.0 anchor (bottom left) and the proposed method
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Appendix: text for working draft change (add)
8.3.3.1.9 Specification of cross-channel intra chroma prediction
Inputs to this process are:

–
a sample location ( xB, yB ) specifying the top-left sample of the current block relative to the top‑left sample of the current picture,

–
neighbouring chroma samples pCb[ x, y ] and pCr[ x, y ], with x, y = -1..nS-1,
–
a variable nS specifying the prediction size,
–
a variable cIdx specifying the chroma component of the current block.

Output of this process is:

–
the predicted samples predSamples[ x, y ], with x, y =0..nS-1.
This process is invoked when decoding cIdx=1 and intraPredMode is not equal to 35 (LM mode).
The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as the follows:
predSamples[ x, y ] = Clip1C ( predSamplesCr[x, y] + α * resSamplesCb [ x, y ] ), with x, y = 0..nS-1
Where, predSamplesCr is the array of Cr samples predicted by intra directional prediction. α is default to be -1/2.
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