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Abstract

This document reports the results of “Chroma intra prediction by reconstructed luma samples” method proposed in document JCTVC-C206 [1] within the context of CE6 [2]. In the proposed method, chroma samples are predicted from luma samples of same block by linear model relationship. Compared to the TMuC0.9, the average BD-rate gain is 1.4%, 6.3% and 5.2% for intra configuration, the average BD-rate gain is 0.7%, 5.8% and 3.7% for random access configuration, respectively for Y, Cb and Cr components. The encoding/decoding measurement and operation number analysis prove that complexity of proposed intra prediction method is similar and even smaller to existing method in HEVC or AVC.
1 Introduction
In current Test Model (HM) of High Efficiency Video Coding (HEVC) standard, 5 modes are used in chroma intra prediction: Vertical, Horizontal, DC, Diagonal with 45 degree (Vertical-8) and mode derived (named as DM mode in this document) from luma intra direction. When DM mode is selected, luma UDI mode is used for chroma intra prediction. 
This contribution reports the results when the new chroma intra prediction method was used additionally. The proposed method is originally proposed in JCTVC-B021 [3] and optimized version is proposed in document JCTVC-C206 [1]. In the new method, chroma samples are predicted from reconstructed luma samples of same block by linear model relationship (named as LM mode in this document).
2 LM prediction
When LM mode is used, the chroma values are predicted from reconstructed luma values of same block as follows. 
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(1),

where 
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Pred

indicates the prediction of chroma samples in a block and 
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Rec

indicates the reconstructed luma samples in the block. Parameters 
[image: image4.wmf]a

 and 
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are derived from causal reconstructed samples around the current block. 

The sampling ratio of chroma components is half of that of luma component and has 0.5 pixel phase difference in vertical direction in YUV420 sampling. Reconstructed luma is downsampled in vertical direction and subsample in horizontal direction to match size and phase of chroma singal, as follows.
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The proposed method utilizes linear least square solution between causal reconstructed data of downsampled luma component and causal chroma component to derive model parameters 
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 and 
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            (3),
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where
[image: image11.wmf]()

C

Reci

and 
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indicate reconstructed chroma samples and downsampled luma samples around the target block, 
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indicates total samples number of neighboring data. As shown in fig.1, only left and above causal samples marked as gray circles are involved in the calculation to keep total samples number 
[image: image14.wmf]I

as power of 2. For a target N×N chroma block, when both left and above causal samples are available, total involved samples number is 
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N

; when only left or above causal samples are available, total involved samples number is 
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Fig. 1 Locations of the samples used for the derivation of α and β
In the proposed method, the look-up table and multiplication is used to replace division when calculating parameter
[image: image18.wmf]a

. All operation is implemented with integer implementation within 32 bits data accuracy. The detailed implementation of LM prediction method can found in JCTVC-C206.
3 Experiment results
The proposed method is integrated in TMuC0.9 software and compared with it as anchor. The experiments were performed with the common test configuration described in JCTVC-C500.
In the first experiment (LM5mode), LM mode is used to replace Vertical-8 mode. The mode words were re-assigned according to mode statistics as in following table. The code word will be refined when Luma intra mode of current block belongs to the set of {Vertical, Horizontal, DC} as mentioned in Appendix.
Tab.2 New code-words for chroma intra prediction modes with LM mode replacing diagonal mode
	Code word
	LM_5mode

	0
	LM

	10
	DM

	110
	Vertical

	1110
	Horizontal

	1111
	DC


It was found that vertical and horizontal modes can be implicitly represented by LM and DM modes. So, we remove them and only LM, DM and DC are included in the second experiment. Following code words were used.
Tab.3 Code-words for 3 modes combination

	Code word
	LM_3mode

	0
	LM

	10
	DM

	11
	DC


Tab.4 shows average BD-rate saving of proposed method comparing to the default TMuC0.9 software for all testing configurations. 
For LM5mode setting, the average BD-rate saving of Y, Cb, Cr components are 1.4%, 6.5% and 5.2% in intra test configuration, and 0.7%, 5.8 and 3.7% in random access configuration with almost same encoding and decoding time to the anchor.
For LM3mode setting, the average BD-rate saving of Y, Cb, Cr components are 1.3%, 6.3% and 4.9% in intra test configuration, and 0.6%, 5.4 and 3.3% in random access configuration. LM3mode setting reduces the encoding time by approximate 5% for intra configuration.
Tab.4 average BD-rate saving of proposed LM mode
	Test configuration
	LM_5mode
	LM_3mode

	
	Y
	U
	V
	eTime
	dTime
	Y
	U
	V
	eTime
	dTime

	HE_Intra
	-1.5
	-6.7
	-5.5
	100%
	101%
	-1.4 
	-6.4 
	-5.2 
	96%
	100%

	LoCo_Intra 
	-1.3
	-6.4
	-4.9 
	101%
	101%
	-1.2 
	-6.1 
	-4.5 
	94%
	101%

	HE_Random_access 
	-0.7
	-6.5
	-4.5
	100%
	100%
	-0.7 
	-6.2 
	-4.0 
	100%
	100%

	LoCo_Random_access
	-0.6
	-5.1
	-3.0 
	100%
	100%
	-0.6 
	-4.7 
	-2.6 
	100%
	101%

	HE_Low_delay
	-0.2
	-2.3
	-2.0
	101%
	100%
	-0.2 
	-2.1 
	-2.1 
	101%
	100%

	LoCo_low_delay 
	-0.1
	-1.9
	-1.7 
	102%
	99%
	-0.1 
	-2.0 
	-1.7 
	102%
	99%


Tab.5 shows BD-rate saving of LM_3mode setting for each test sequence class in intra test configurations. The result shows that consistent bit saving is obtained by proposed method for sequences with different resolution.
Tab.5 BD-rate saving in all intra configurations for LM_3mode
	
	Intra
	Intra LoCo

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

	Class A
	-1.4 
	-7.3 
	-3.6 
	-1.1 
	-7.5 
	-2.8 

	Class B
	-1.5 
	-7.6 
	-3.9 
	-1.2 
	-7.7 
	-3.5 

	Class C
	-1.8 
	-7.5 
	-8.0 
	-1.7 
	-6.8 
	-7.3 

	Class D
	-1.2 
	-5.0 
	-5.0 
	-1.1 
	-4.7 
	-4.4 

	Class E
	-1.1 
	-4.3 
	-5.1 
	-0.5 
	-3.6 
	-4.0 

	All
	-1.4 
	-6.4 
	-5.2 
	-1.2 
	-6.1 
	-4.5 


4 Complexity analysis
In this section, complexity of three chroma intra prediction methods (LM mode, UDI mode, Plane mode) is analyzed by comparing the operation number. 

Tab.6, Tab.7 and Tab.8 shows the operation number for each pixel of proposed LM mode, UDI mode and plane mode. UDI mode is in HEVC and plane mode is used in AVC as chroma intra prediction method.

Tab.6 operation number of proposed LM mode
	Prediction step 
	Proposed LM mode

	
	Mul
	Add
	Shift

	Calculation of 
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 and 
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 for one block
	~=3·N +6
	~=6·N +4
	~=4

	Down-sample for each pixel
	0
	~=0.5
	~=0.5

	Prediction for each pixel
	1
	1
	1

	Total operation number for each pixel prediction
	1+3/ N
+6/ N2
	1.5+6/ N
+6/ N2
	1.5+4/ N2


Tab.7 operation number of general UDI chroma mode

	Prediction step
	Plane mode

	
	Mul
	Add
	Shift

	Initialision the Main and Left reference array for one block
	~
	~
	~

	Position calculation for each pixel
	0
	1+2/N
	1/N

	Interpolation for each pixel
	2
	3
	1

	Total operation number for each pixel prediction
	2
	4+2/N
	1+1/N


Tab.8 operation number of plane mode based on JM17.1
	Prediction step
	Plane mode

	
	Mul
	Add
	Shift

	Calculation of A, B and C for one block
	~=N +4
	~=2·N +4
	~=3

	Prediction for each pixel
	1+2/ N
	1+4/ N
	1

	Total operation number for each pixel prediction
	1+3/ N
+4/ N2
	1+6/ N
+4/ N2
	1+3/ N2


5 Conclusion
This contribution reports the results of the new chroma intra prediction method proposed in JCTVC-C206 where chroma samples are predicted from luma samples of same block by linear model relationship. Experimental results show that the proposed method with LM3mode setting achieves 1.3%, 6.3%, 4.9% BD-rate reduction respectively for Y, Cb, Cr components in intra test configuration with around 5% encoding time reduction. 
The encoding/decoding measurement and operation number complexity analysis prove that complexity of proposed LM mode is similar and even smaller to existing method in HEVC or AVC.
The proposed method can be easily extended to other YUV sampling format. For YUV 4:2:2 or YUV 4:4:4 sequences, the overall gains are expected to be more remarkable.
Since proposed method achieves solid coding gain without any additional complexity, we recommend adopting it in HEVC test model.
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Appendix
In this Appendix the results of sub-step “chroma intra mode syntax coding improvement” of the proposed solution is reported. 
The code-words of current HEVC Test Model, code-words of chroma intra mode is assigned as in Tab.9 (TMuC0.9 column) as well in Tab.1. However it was observed that DM mode is the most efficient and frequent mode according statistics analysis, so it is reasonable to assign the shortest code word for this mode, the modified code words shown in Tab.9.
Tab.9 modified code-words for chroma intra prediction mode
	Code word
	TMuC 0.9
	Modified code-words

	0
	Ver
	DM

	10
	Hor
	Ver

	110
	DC
	Hor

	1110
	Ver-8
	DC

	1111
	DM
	Ver-8


As mentioned before, luma UDI mode is used as chroma intra prediction mode if current chroma mode is DM mode. It’s clear that there is redundancy in the modified code-words assignment when current luma one from mode set {DC, Vertical, Horizontal and Vertical-mode}. So, for efficient coding, DM mode should be checked first, and if it matched with one from set {DC, Vertical, Horizontal and Vertical-mode}, the related mode shall be removed from the list and code-words mode coding should be dynamically changed.
For example, if luma intra mode of current block is equal to horizontal mode, in this case horizontal mode is removed from the table since it can be represented by DM mode, than the modified mode list and corresponding code words are the following:

Tab.9 code-words for chroma intra prediction mode when Luma mode is Vertical mode
	Intra mode
	Code-word

	DM
	0

	Ver
	10

	DC
	110

	Ver-8
	111


Performance of 2 mode combination (DM + DC) is also investigated in this appendix. In this setting, one flag is used to indicate the chroma intra prediction mode. The flag is skipped is Luma mode of current block is DC mode.
Tab.10 shows average performance effect of modified code-words assignment method. 
With optimized code-words for chroma intra prediction mode, the BD-rate saving is 0.7% in intra test configuration and 0.3% in random access configuration with same encoding and decoding time to the anchor.

The BD-rate saving is 0.6% in intra test configuration and 0.2% in random access configuration however around 1% chroma component BD-rate loss was observed.
Tab.10 Average BD-rate saving of proposed LM mode
	Test configuration
	5mode with optimized code-words
	2 mode (DM+DC)

	
	Y
	U
	V
	eTime
	dTime
	Y
	U
	V
	eTime
	dTime

	HE_Intra
	-0.7 
	0.0 
	0.1 
	99%
	100%
	-0.6 
	0.3 
	0.4 
	93%
	100%

	LoCo_Intra 
	-0.6 
	-0.4 
	-0.3 
	99%
	100%
	-0.5 
	0.7 
	1.3 
	90%
	100%

	HE_Random_access 
	-0.3 
	0.0 
	0.2 
	99%
	100%
	-0.3 
	0.5 
	0.9 
	99%
	100%

	LoCo_Random_access
	-0.2 
	-0.3 
	-0.2 
	98%
	99%
	-0.2 
	1.2 
	1.5 
	99%
	99%

	HE_Low_delay
	-0.1 
	-0.3 
	-0.1 
	98%
	99%
	-0.1 
	-0.2 
	0.0 
	99%
	99%

	LoCo_Low_delay
	-0.1 
	0.0 
	-0.1 
	100%
	99%
	0.0 
	0.1 
	0.4 
	99%
	99%
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