	[image: image25.png]


[image: image26.png]


Joint Collaborative Team on Video Coding (JCT-VC)

of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11
2nd Meeting: Geneva, CH, 21-28 July, 2010
	Document: JCTVC-B021


	Title:
	New intra chroma prediction using inter-channel correlation

	Status:
	Input Document to JCT-VC

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Jungsun Kim 

SeungWook Park

Younghee Choi

YongJoon Jeon
ByeongMoon Jeon


Multimedia Lab., LG Electronics Inc.
221 Yangjae-dong, Seocho-gu
Seoul, Korea
	Tel:
Email:
	82-10-2239-9774
jungsun.kim@lge.com

	Source:
	LG electronics


_____________________________
Abstract

This contribution presents a new intra chroma prediction mode which utilizes the correlation between chroma and luma samples. In the proposed method, chroma samples are predicted from the reconstructed luma samples around the prediction block by modeling chroma samples as a linear function of luma samples. A flag is signaled to indicate whether the proposed method is used or not. For the simulation, the test conditions comply with the Intra Prediction AHG report (JCTVC-B004). The proposed method is implemented on top of JM-KTA 2.6rl and the simulation results are compared to those of JM-KTA 2.6rl without any modification. Coding efficiency is evaluated based on the two QP range sets, the lower 4 QP values {22, 26, 30, 34} and the higher 4 QP values {26, 30, 34, 38}. In the case of intra only coding, the average BD-rate improvements about the luma components are 1.59% and 1.56% at each QP range set. In the case of Constraint Set 1 of the CfP, the average BD-rate improvements are 0.88% at the lower 4 QP values and 0.97% at the higher 4 QP values. On the chroma components, the average BD-rate improvements about U components are 5.11% and 7.42% at each QP range set in the case of intra only coding. The average BD-rate improvements are 5.25% and 7.27% at the lower and the higher QP values respectively in the case of Constraint Set 1. The average BD-rate improvements about V components are 4.09% and 5.72% at each QP range set in the case of intra only coding. The average BD-rate improvements are 4.26% and 5.88% at the lower and the higher QP values respectively in the case of Constraint Set 1.
1 Proposed algorithms
1.1 Backgrounds
In video coding, the relations between the chroma components and the luma component is not concerned since it is assumed that chroma components and luma component are independent to each other in YUV sampling. However chroma components and luma component are not completely decorrelated. In [1], the inter-channel correlation is introduced and chroma components are modeled as linear combination of luma component.
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Fig. 1. Derivation of chroma components from luma components

As shown in Fig.1, the chroma components can be derived from the luma components as follows.
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where 
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 and 
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 indicate chroma values and luma values respectively. And parameters 
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 are derived by the least-squares method as
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where M(A) represents mean of A and R(A,B) is follows
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1.2 Chroma prediction using inter-channel correlation
The proposed method utilizes the linear model as one of the intra chroma prediction. For the prediction the reconstructed luma and the chroma samples should be used since the original samples are not known in decoding process. The chroma values are predicted from reconstructed luma values as follows. 
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where 
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pred

 indicates the prediction of chroma samples in a block and 
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 indicates the reconstructed luma samples in the block. For the derivation of the parameters 
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 and 
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, the reconstructed samples around the current block are used. 
However the model should be modified since luma and chroma components have different sampling ratios in YUV420 sampling. The sampling ratio of chroma components is 2 times more than that of luma component. Moreover their sampled locations have 0.5 pixel difference in vertical direction. Fig. 2 shows the sampling locations for YUV420 sampling where gray circle depicts chroma samples and white square depicts luma samples.
[image: image14.emf]
Fig. a Vertical and horizontal locations of 4:2:0 luma and chroma samples in a frame
Accordingly, (4) is modeified considering the sampling location as follows.
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(5), 
where 
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 indicates subsampled luma samples. And the derivation process for α and β is also modified as follows.
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where 
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 indicates reconstructed chroma samples around the target block. And 
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 indicates the interpolated luma samples considering the phase difference between luma and chroma samples, which is derived by
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The locations of the samples used for the derivation of α and β are shown as gray circles in Fig. 3.
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Fig. 3 Locations of the samples used for the derivation of α and β
1.3 Indication of the chroma prediction mode
A flag, intra_chroma_estimation_flag, is signaled to indicate whether the chroma component is predicted by the proposed method. If the flag is false the conventional chroma prediction mode is signaled to activate itself. The prediction mode for both channels of chroma component, U and V, are identical.
2 Subjective Comparison

In this section, the subjective quality comparison between the conventional chroma prediction in JM-KTA2.6r1 and the proposed method is presented. Fig. 4 (a) shows U and V components of the decoded images (Basketball Drill / Class C / QP3 / Frame#14). The difference is clearly visible in both U and V images. Fig. 5 shows the macroblocks whose chroma components are predicted by the proposed method. The bright region depicts the macroblocks in which the proposed method is used. The dark region depicts the macroblocks in which conventional intra prediction is used.

[image: image22.emf]
(a) U component

[image: image23.emf]
(b) V component

Fig. 4 Subjective quality comparison between JM-KTA2.6rl result and the proposed method
[image: image24.png]3

¥ ....... e

“_. .ﬂ.........

w.".... ..




Fig. 5 Portion of the macroblocks in which the proposed method is used

3 Experiments
From Table 1 to Table 4, the experimental results are shown. Table 1 and 3 show BD-rate for each case of coding structure. Table 2 and Table 4 show BD-SPNR for each case of coding structure. The test conditions specified in the Intra Prediction AHG report are followed for the experiments. In the case of sequences in classA, we set BitDepthLuma and BitDepthChroma 8 instead of 12 because of memory limitation. 
For Y component,

· In case of intra only coding,

· The average BD-rate improvement is 1.59% and 1.56% for the lower QPs and the higher QPs respectively.

· The maximum BD-rate improvement is 7.24% and 8.08% for the lower QPs and the higher QPs respectively, which can be found in “BasketballDrill” sequence of Class C for both cases.

· In case of the constraint set 1,

· The average BD-rate improvement is 0.88% and 0.97% for the lower QPs and the higher QPs respectively.

· The maximum BD-rate improvement is 3.05% and 3.80% for the lower QPs and the higher QPs respectively, which can be found in “BasketballDrill” sequence of Class C for both cases.
For U component,

· In case of intra only coding,

· The average BD-rate improvement is 5.11% and 7.42% for the lower QPs and the higher QPs respectively.

· The maximum BD-rate improvement is 11.44% and 18.54% for the lower QPs and the higher QPs respectively, which can be found in “BasketballDrill” sequence of Class C for both cases.

· In case of the constraint set 1,

· The average BD-rate improvement is 5.25% and 7.27% for the lower QPs and the higher QPs respectively.

· The maximum BD-rate improvement is 9.57% and 13.88% for the lower QPs and the higher QPs respectively, which can be found in “BasketballDrill” sequence of Class C for both cases.

For V component,

· In case of intra only coding,

· The average BD-rate improvement is 4.09% and 5.72% for the lower QPs and the higher QPs respectively.

· The maximum BD-rate improvement is 12.55% and 18.83% for the lower QPs and the higher QPs respectively, which can be found in “BasketballDrill” sequence of Class C for both cases.

· In case of the constraint set 1,

· The average BD-rate improvement is 4.26% and 5.88% for the lower QPs and the higher QPs respectively.

· The maximum BD-rate improvement is 8.52% and 11.65% for the lower QPs and the higher QPs respectively, which can be found in “BasketballDrill” sequence of Class C for both cases.

Table 5 shows encoding and decoding times in the case of Intra only coding. Encoding time increase average 21.06% and decoding time increase 1.56%. They are caused mostly by arithmetic operation to acquire parameters for the estimation. At the decoder, decoding time decreases for some sequences such as “Basketball_Drill” and “Vidyo1” since prediction process for chroma components are reduced. 
Table １  BD-rates in the case of Intra Only coding
	BD-rate
	　
	BD-rate - low
	BD-rate - high

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

	classA
	PeopleOnstreet
	-1.31 
	-10.09 
	-4.71 
	-0.99 
	-12.58 
	-5.61 

	　
	Traffic
	-1.37 
	-3.84 
	-2.83 
	-1.42 
	-7.49 
	-3.06 

	　
	average
	-1.34 
	-6.97 
	-3.77 
	-1.21 
	-10.04 
	-4.34 

	classB
	BasketballDrive
	-1.89 
	-7.54 
	-8.65 
	-2.34 
	-9.71 
	-10.75 

	　
	BQTerrace
	-0.61 
	-3.18 
	-3.02 
	-0.48 
	-5.38 
	-3.35 

	　
	Cactus
	-1.66 
	-4.42 
	-4.42 
	-1.78 
	-8.05 
	-5.96 

	　
	ParkScene
	-2.19 
	-8.76 
	-1.92 
	-1.94 
	-15.47 
	-3.45 

	　
	kimono
	-2.14 
	-10.22 
	-2.60 
	-1.73 
	-14.11 
	-2.50 

	　
	average
	-1.70 
	-6.82 
	-4.12 
	-1.65 
	-10.54 
	-5.20 

	classC
	BasketballDrill
	-7.24 
	-11.44 
	-12.55 
	-8.08 
	-18.54 
	-18.83 

	　
	BQMall
	-1.29 
	-4.56 
	-3.60 
	-1.05 
	-7.58 
	-5.54 

	　
	PartyScene
	-1.34 
	-2.85 
	-2.44 
	-1.29 
	-5.51 
	-4.49 

	　
	RaceHorses
	-1.38 
	-1.46 
	-2.49 
	-1.65 
	-3.45 
	-5.75 

	　
	average
	-2.81 
	-5.08 
	-5.27 
	-3.02 
	-8.77 
	-8.65 

	classD
	BasketballPass
	-1.98 
	-4.49 
	-3.99 
	-1.92 
	-7.08 
	-6.27 

	　
	BlowingBubbles
	-1.50 
	-4.33 
	-3.62 
	-1.76 
	-7.32 
	-6.42 

	　
	BQSquare
	-0.24 
	-1.48 
	-2.31 
	-0.12 
	-1.99 
	-3.78 

	　
	RaceHorses
	-1.49 
	-1.98 
	-2.57 
	-1.76 
	-5.87 
	-4.95 

	　
	average
	-1.30 
	-3.07 
	-3.12 
	-1.39 
	-5.57 
	-5.36 

	classE
	vidyo1
	-1.15 
	-5.58 
	-3.85 
	-0.83 
	-5.85 
	-4.36 

	　
	vidyo3
	-0.69 
	-1.61 
	-5.09 
	-0.36 
	0.92 
	-6.77 

	　
	vidyo4
	-0.55 
	-3.71 
	-3.53 
	-0.39 
	-1.61 
	-4.04 

	　
	average
	-0.80 
	-3.63 
	-4.16 
	-0.53 
	-2.18 
	-5.06 

	average
	　
	-1.59 
	-5.11 
	-4.09 
	-1.56 
	-7.42 
	-5.72 


Table ２ BR-PSNRs in the case of Intra Only coding
	BD-PSNR
	BD-PSNR - low
	BD-PSNR - high

	　
	
	BD-PSNR Y
	BD-PSNR U
	BD-PSNR V
	BD-PSNR Y
	BD-PSNR U
	BD-PSNR V

	classA
	PeopleOnstreet
	0.08 
	0.39 
	0.14 
	0.05 
	0.42 
	0.16 

	　
	Traffic
	0.08 
	0.16 
	0.11 
	0.08 
	0.24 
	0.08 

	　
	average
	0.08 
	0.28 
	0.13 
	0.07 
	0.33 
	0.12 

	classB
	BasketballDrive
	0.06 
	0.17 
	0.27 
	0.07 
	0.27 
	0.39 

	　
	BQTerrace
	0.04 
	0.10 
	0.08 
	0.02 
	0.14 
	0.08 

	　
	Cactus
	0.07 
	0.13 
	0.14 
	0.07 
	0.17 
	0.19 

	　
	ParkScene
	0.10 
	0.31 
	0.05 
	0.08 
	0.42 
	0.07 

	　
	kimono
	0.08 
	0.30 
	0.08 
	0.07 
	0.36 
	0.06 

	　
	average
	0.07 
	0.20 
	0.12 
	0.06 
	0.27 
	0.16 

	classC
	BasketballDrill
	0.38 
	0.55 
	0.67 
	0.37 
	0.85 
	0.93 

	　
	BQMall
	0.08 
	0.19 
	0.17 
	0.06 
	0.24 
	0.21 

	　
	PartyScene
	0.11 
	0.17 
	0.15 
	0.09 
	0.22 
	0.19 

	　
	RaceHorses
	0.10 
	0.07 
	0.12 
	0.10 
	0.13 
	0.21 

	　
	average
	0.17 
	0.25 
	0.28 
	0.16 
	0.36 
	0.39 

	classD
	BasketballPass
	0.12 
	0.24 
	0.22 
	0.10 
	0.29 
	0.29 

	　
	BlowingBubbles
	0.10 
	0.19 
	0.17 
	0.09 
	0.26 
	0.23 

	　
	BQSquare
	0.02 
	0.07 
	0.12 
	0.01 
	0.07 
	0.15 

	　
	RaceHorses
	0.11 
	0.11 
	0.14 
	0.10 
	0.25 
	0.22 

	　
	average
	0.09 
	0.15 
	0.16 
	0.08 
	0.22 
	0.22 

	classE
	vidyo1
	0.06 
	0.19 
	0.15 
	0.05 
	0.20 
	0.17 

	　
	vidyo3
	0.04 
	0.05 
	0.23 
	0.02 
	-0.03 
	0.28 

	　
	vidyo4
	0.03 
	0.13 
	0.13 
	0.02 
	0.06 
	0.16 

	　
	average
	0.04 
	0.12 
	0.17 
	0.03 
	0.08 
	0.20 

	average
	　
	0.09 
	0.20 
	0.17 
	0.08 
	0.25 
	0.22 


Table ３ BD-rates in the case of Constraint Set 1
	BD-rate
	BD-rate - low
	BD-rate - high

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

	classB
	BasketballDrive
	-1.63 
	-8.38 
	-8.29 
	-1.66 
	-9.48 
	-9.25 

	　
	BQTerrace
	-0.23 
	-2.36 
	-2.09 
	-0.30 
	-2.98 
	-2.33 

	　
	Cactus
	-0.73 
	-7.66 
	-7.66 
	-0.75 
	-9.03 
	-6.25 

	　
	ParkScene
	-1.20 
	-7.61 
	-1.82 
	-1.07 
	-11.93 
	-3.01 

	　
	kimono
	-0.90 
	-9.30 
	-2.45 
	-0.76 
	-11.19 
	-4.07 

	　
	average
	-0.94 
	-7.06 
	-4.46 
	-0.91 
	-8.92 
	-4.98 

	classC
	BasketballDrill
	-3.05 
	-9.57 
	-8.52 
	-3.80 
	-13.88 
	-11.65 

	　
	BQMall
	-0.54 
	-4.28 
	-3.60 
	-0.55 
	-6.15 
	-5.12 

	　
	PartyScene
	-0.57 
	-3.23 
	-3.17 
	-0.56 
	-5.87 
	-5.07 

	　
	RaceHorses
	-0.66 
	-3.26 
	-4.12 
	-0.87 
	-6.02 
	-6.34 

	　
	average
	-1.21 
	-5.09 
	-4.85 
	-1.45 
	-7.98 
	-7.05 

	classD
	BasketballPass
	-0.86 
	-4.46 
	-3.63 
	-0.97 
	-5.83 
	-5.57 

	　
	BlowingBubbles
	-0.39 
	-4.01 
	-3.49 
	-0.44 
	-5.80 
	-6.13 

	　
	BQSquare
	-0.03 
	-2.37 
	-3.69 
	0.26 
	-2.41 
	-5.76 

	　
	RaceHorses
	-0.66 
	-3.52 
	-3.07 
	-1.03 
	-5.62 
	-4.99 

	　
	average
	-0.49 
	-3.59 
	-3.47 
	-0.55 
	-4.92 
	-5.61 

	average
	　
	-0.88 
	-5.25 
	-4.26 
	-0.97 
	-7.27 
	-5.88 


Table ４  BD-PSNRs in the case of Constraint Set 1
	BD-PSNR
	BD-PSNR - low
	BD-PSNR - high

	　
	
	BD-PSNR Y
	BD-PSNR U
	BD-PSNR V
	BD-PSNR Y
	BD-PSNR U
	BD-PSNR V

	classB
	BasketballDrive
	0.04 
	0.15 
	0.21 
	0.05 
	0.21 
	0.27 

	　
	BQTerrace
	0.00 
	0.03 
	0.02 
	0.01 
	0.03 
	0.02 

	　
	Cactus
	0.02 
	0.10 
	0.11 
	0.02 
	0.14 
	0.15 

	　
	ParkScene
	0.04 
	0.17 
	0.03 
	0.04 
	0.24 
	0.05 

	　
	kimono
	0.03 
	0.18 
	0.05 
	0.03 
	0.21 
	0.08 

	　
	average
	0.03 
	0.13 
	0.08 
	0.03 
	0.17 
	0.11 

	classC
	BasketballDrill
	0.13 
	0.32 
	0.33 
	0.15 
	0.47 
	0.45 

	　
	BQMall
	0.02 
	0.11 
	0.11 
	0.02 
	0.15 
	0.15 

	　
	PartyScene
	0.03 
	0.09 
	0.09 
	0.02 
	0.14 
	0.12 

	　
	RaceHorses
	0.03 
	0.09 
	0.11 
	0.04 
	0.15 
	0.17 

	　
	average
	0.05 
	0.15 
	0.16 
	0.06 
	0.23 
	0.22 

	classD
	BasketballPass
	0.04 
	0.16 
	0.13 
	0.04 
	0.18 
	0.18 

	　
	BlowingBubbles
	0.02 
	0.11 
	0.10 
	0.02 
	0.14 
	0.16 

	　
	BQSquare
	0.00 
	0.04 
	0.08 
	-0.01 
	0.05 
	0.12 

	　
	RaceHorses
	0.03 
	0.11 
	0.11 
	0.05 
	0.15 
	0.15 

	　
	average
	0.02 
	0.11 
	0.11 
	0.03 
	0.13 
	0.15 

	average
	　
	0.03 
	0.13 
	0.12 
	0.04 
	0.17 
	0.16 


Table ５ Ratio of Time increments (%)
	　
	　
	encoder
	decoder

	classA
	PeopleOnstreet
	37.55
	2.6

	　
	Traffic
	38.22
	1.57

	　
	average
	37.89
	2.09

	classB
	BasketballDrive
	19.75
	1.66

	　
	BQTerrace
	18.68
	1.25

	　
	Cactus
	20.78
	2.35

	　
	ParkScene
	20.85
	3.24

	　
	kimono
	20.69
	3.1

	　
	average
	20.15
	2.32

	classC
	BasketballDrill
	18.78
	0.86

	　
	BQMall
	17.51
	0.1

	　
	PartyScene
	15.69
	0.71

	　
	RaceHorses
	16.13
	2.13

	　
	average
	17.03
	0.95

	classD
	BasketballPass
	19.81
	1.88

	　
	BlowingBubbles
	15.61
	2.41

	　
	BQSquare
	17.65
	-0.7

	　
	RaceHorses
	16.45
	2.13

	　
	average
	17.38
	1.43

	classE
	vidyo1
	20.17
	1.58

	　
	vidyo3
	22.53
	0.66

	　
	vidyo4
	22.31
	1.12

	　
	average
	21.67
	1.12

	Average
	　
	21.06
	1.56


4 Conclusion
This contribution proposes a new intra chroma prediction mode. The chroma values are predicted from the reconstructed luma values by the linear modeling introduced in Subsection 1.2 . The parameters in the linear model are derived from luma and chroma values around the target block. The experiments are performed on JM-KTA2.6r1 as recommended by the Intra Prediction AHG. The results show that the proposed method is efficient in terms of coding efficiency. It improves average 1.59% BD-rate and 1.56% BD-rate at the lower QPs and the higher QPs respectively under the intra only constraints. It also improves average 0.88% BD-rate and 0.97% BD-rate at the lower QPs and the lower QPs under the Constraint set 1. The proposed scheme shows much improvement on chroma components. It shows more than 4% BD-rate improvement at every case of QPs and both of chroma components. The proposed scheme also enhances the subjective quality as well as the objective quality as shown in Section 2. Since more sophisticated prediction of the chroma components is also needed as much as that of luma component to improve overall coding efficiency, LG electronics recommends adopting the proposed method into the TMuC. 
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