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Abstract

This document proposes two new intra modes LML and LMA for predicting chroma from luma. The prediction process is almost the same as LM mode except the neighborhoods used for training the parameters in the linear model are different. In LML mode, left and down left neighborhoods form the training set. In LMA mode, above and above right neighborhoods form the training set. Moreover, by introducing LML and LMA, the chroma intra prediction mode list can be shortened without losing coding gain. Compared with the bug-fixed HM4.0, the average BD-rate gain is 0.1%, 3.6%, 3.6% under intra configuration for Y, Cb and Cr components respectively without Class F, while 4% encoding time is saved at the same time.  
1. Introduction

In current Test Model (HM4.0) of High Efficiency Video Coding (HEVC) standard, 6 modes are used for chroma intra prediction: Vertical, Horizontal, DC, Planar, LM (predict chroma from luma) and DM (mode derived from luma intra prediction mode). When one of Planar, Vertical, Horizontal and DC is the same with DM, Ver+8 will be used to replace it. Table 1 shows the mode numbers and the corresponding codeword in HM4.0.
Table 1  Mode numbers and codewords for intra chroma prediction modes
	Chroma intra prediction mode
	Mode number
	Codeword

	DM
	36
	0

	LM
	35
	10

	Planar
	0
	110

	Vertical
	1
	1110

	Horizontal
	2
	11110

	DC
	3
	11111


The LM mode predicts chroma samples of the current block based on corresponding reconstructed luma samples in a linear relationship. 
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Where 
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 is the down-sampled the reconstructed luma samples. The parameters
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 in equation (1) are derived from its neighborhoods, as Fig. 1 shows, so that the decoder can drive the same value of 
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 without explicit indication. In this document, term L shape template is used for representing the neighboring locations that support 
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derivation. For explicit calculation procedures of 
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, please refer to JCTVC-E266[1]. Note that, the algorithm has been simplified so that only addition, multiplication and shifting are used, which means the complexity of LM mode is not high.
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Fig. 1 neighboring samples used for parameters derivation in LM mode (L shape template)
As it can be observed from equation (1), the derived parameter 
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 are very important to the accuracy of prediction result. LM mode is very efficient when the samples in L shape template belong to the same objects as the samples in currently block. However, problem may occur if part of currently block is from a new object, and no sample from L shape template belongs to this new object. In this case, parameter
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derived from L shape template may fail to describe the linear model correctly.
In this proposal, two new modes (LML and LMA) for chroma intra prediction are proposed. Both of these two methods have the similar prediction process as LM mode, except the neighboring samples that used to train parameter 
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 are from different locations. 
This contribution reports the simulation results when LML and LMA are integrated into HM4.0 in three different manners:
Scheme 1: Chroma intra prediction has 8 modes: DM, LM, LML, LMA, Planar, Vertical, Horizontal, DC. 
         When DM is the same with one of the rest modes, an alternate mode (VER+8) will replace it. 
Scheme 2: Chroma intra prediction has 6 modes. 

      The combination of DM, LM, LML, LMA, Vertical, and DC shows the best RD performance.
  When DM is the same with one of the rest modes, an alternate mode (VER+8) will replace it.
Scheme 3: Chroma intra prediction has 4 modes: DM, LM, LML, and LMA. 

All of these three implementations provide obvious gain in chroma components, while providing some gain in luma component as well. Given both the RD performance and the complexity at the encoder side, we recommend the scheme 3 to be accepted in HM. 
2. LML mode and LMA mode.
When LML mode is used, the chroma samples are predicted from the downsampled reconstructed luma samples in the same block according to equation (1). The parameters
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 in equation (1) are derived from its neighborhoods, as Fig 2 shows. For an NxN chroma block, only 2N samples from left and down left neighboring locations are used as the training set. The calculation of
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are the same as LM mode. 

Similarly, when LMA mode is used, only above and above right neighboring samples are used to derive parameter 
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, as Fig 3 shows. For an NxN chroma block, 2N samples are used as the training set. The calculation procedures of 
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are the same as LM mode

[image: image26.emf]2N

Chroma

C

Rec

2N

N

Luma

'

L

Rec

4N


Fig. 2 neighboring samples used for parameters derivation in LML mode (Left template)
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Fig. 3 neighboring samples used for parameters derivation in LMA mode (Above template)
3. Implementation and Experimental Results

LML and LMA are added as two independent modes in bug-fixed HM4.0. Totally, we have three implementation schemes to integrate the proposed two modes. Especially, scheme 3 provides a best solution for considering both RD performance and complexity.
3.3 Scheme 1-- 8 modes

In total, 8 modes are available for chroma intra prediction. When one of Planar, Vertical, Horizontal, and DC is the same with DM, an alternate mode (VER+8 in HM4.0) will replace it. The mode list and corresponding binarization are illustrated in Table 2. Simulation results with and without Class F are given in Table 3. Scheme 1 yields an average of 0.1%, 3.5%, 3.7% BD-rate gain under intra configuration without Class F for Y, Cb, and Cr respectively.

Table 2.  Mode candidates and codeword for Chroma intra prediction modes in Scheme 1
	Chroma intra prediction mode
	Codeword

	DM
	0

	LM
	100

	LML
	1010

	LMA
	1011

	Planar
	110

	Vertical
	1110

	Horizontal
	11110

	DC
	11111


Table 3.  Simulation results of Scheme 1 
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.2%
	-8.8%
	-9.6%
	-0.1%
	-9.3%
	-10.1%

	Class B
	-0.1%
	-2.6%
	-2.1%
	-0.1%
	-2.7%
	-2.2%

	Class C
	-0.2%
	-2.2%
	-2.7%
	-0.1%
	-2.1%
	-2.7%

	Class D
	-0.1%
	-1.7%
	-1.7%
	-0.1%
	-2.0%
	-2.1%

	Class E
	-0.1%
	-1.1%
	-1.3%
	0.0%
	-1.8%
	-1.8%

	Class F
	-0.3%
	-2.4%
	-3.0%
	-0.2%
	-2.1%
	-2.5%

	Overall (Without Class F )  
	-0.1%
	-3.4%
	-3.5%
	-0.1%
	-3.6%
	-3.8%

	 Overall (With Class F )
	-0.2%
	-3.2%
	-3.4%
	-0.1%
	-3.4%
	-3.6%

	Enc Time[%]
	106%
	105%

	Dec Time[%]
	100%
	98%


utth Class Fed  LMA do not introduce any new calculation problems------------------------------------------------------________
3.4 Scheme 2-- 6 modes

After adding LML and LMA, the using frequency of Planar, Vertical, Horizontal and DC modes are less. In order to reduce to the complexity at the encoder side, scheme 2 removes two modes out of Planar, Vertical, Horizontal and DC. When DM is the same with one of the rest modes, an alternate mode (VER+8 in HM4.0) will replace the redundant mode. 
All possible combinations are tested as Table 5. It shows that Test 6(removing Planar and Horizontal, but keeping Vertical and DC) provides the best performance, while the RD performance of these 6 combinations is quite comparable. Test 6 yields an average of 0.1%, 3.8%, 3.9% BD-rate gain under intra configuration for Y, Cb, and Cr respectively without Class F, and 0.1%, 3.5%, 3.7% gain with Class F. The mode list and corresponding binarization of Test 6 are illustrated in Table 6. A more concrete coding performance of Test 6 is illustrated in Table 7.
Table 5. Simulation results of different combinations when 6 modes are kept (Without Class F)
 (P=Planar, D=DC, H=Horizontal, V=Vertical)
	Test
	Intra-HE
	Intra-LC

	
	Y BD-Rate (%)
	U BD-Rate (%)
	V BD-Rate (%)
	Enc Time (%)
	Dec Time (%)
	Y BD-Rate (%)
	U BD-Rate (%)
	V BD-Rate (%)
	Enc Time (%)
	Dec Time (%)

	1(P+D)
	-0.1%
	-3.3%
	-3.4%
	101
	99
	-0.1%
	-4.2%
	-4.2%
	99
	98

	2(P+H)
	-0.1%
	-3.2%
	-3.4%
	100
	98
	-0.2%
	-4.1%
	-4.1%
	97
	97

	3(P+V)
	-0.1%
	-3.2%
	-3.4%
	101
	101
	-0.2%
	-4.1%
	-4.1%
	97
	99

	4(H+D)
	-0.1%
	-3.4%
	-3.5%
	99
	99
	-0.1%
	-4.1%
	-4.0%
	96
	99

	5(H+V)
	-0.1%
	-3.4%
	-3.5%
	100
	101
	-0.1%
	-4.0%
	-3.9%
	96
	98

	6(V+D)
	-0.1%
	-3.4%
	-3.6%
	100
	100
	-0.1%
	-4.1%
	-4.1%
	96
	98


Table 6.  Mode candidates and codeword for Chroma intra prediction modes of Test 6 in Scheme 2
	Chroma intra prediction mode
	Codeword

	DM
	0

	LM
	10

	LML
	110

	LMA
	1110

	Vertical
	11110

	DC
	11111


Table 7.  Simulation results of Test 6 in Scheme 2
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.2%
	-8.8%
	-9.5%
	-0.2%
	-10.6%
	-10.8%

	Class B
	-0.1%
	-2.5%
	-2.0%
	-0.1%
	-3.2%
	-2.4%

	Class C
	-0.1%
	-2.1%
	-2.7%
	-0.1%
	-2.2%
	-2.8%

	Class D
	0.0%
	-1.9%
	-2.0%
	0.0%
	-2.0%
	-2.0%

	Class E
	0.0%
	-1.3%
	-1.6%
	0.0%
	-2.2%
	-2.3%

	Class F
	-0.2%
	-2.3%
	-2.9%
	-0.2%
	-2.3%
	-2.7%

	Overall (Without Class F )  
	-0.1%
	-3.4%
	-3.6%
	-0.1%
	-4.1%
	-4.1%

	 Overall (With Class F )
	-0.1%
	-3.2%
	-3.5%
	-0.1%
	-3.8%
	-3.9%

	Enc Time[%]
	100%
	96%

	Dec Time[%]
	100%
	98%


3.5 Scheme 3-- 4 modes

Since DM, LM, LML, and LMA are used about 80% statistically in total; it proves that these 4 modes work quite effectively. Therefore, Scheme 3 just keeps these four modes as chroma intra prediction modes, as Table 8 shows. 
Besides less mode candidates can shorten the average length of the codeword, there are additional benefits from scheme 3. For one thing, the RDO loop at the encoder side can be simplified; for another thing, there will not be any repeated mode with DM mode any longer, hence both the encoder and decoder can be more concise.
Table 8.  Mode candidates and codeword for Chroma intra prediction modes in Scheme 3
	Chroma intra prediction mode
	Codeword

	DM
	0

	LM
	10

	LML
	110

	LMA
	111


Simulation results are given in Table 9. Scheme 3 yields an average of 0.1%, 3.6%, 3.6% BD-rate gain under intra configuration for Y, Cb, and Cr respectively without Class F, and 0.1%, 3.4%, 3.4% gain with Class F. It demonstrates that while keeping the performance gain introduced by LML and LMA, encoding time and decoding time is also saved up to 7% on average under all intra configuration.
Table 9.  Simulation results of Scheme 3
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.2%
	-9.0%
	-9.7%
	-0.2%
	-10.9%
	-11.0%

	Class B
	-0.1%
	-2.4%
	-1.9%
	-0.1%
	-2.9%
	-2.1%

	Class C
	0.0%
	-1.9%
	-2.3%
	-0.1%
	-1.8%
	-2.2%

	Class D
	0.0%
	-1.5%
	-1.6%
	0.1%
	-1.5%
	-1.4%

	Class E
	-0.1%
	-1.5%
	-1.5%
	0.0%
	-2.3%
	-2.0%

	Class F
	-0.2%
	-2.4%
	-2.8%
	-0.2%
	-2.1%
	-2.6%

	Overall (Without Class F )  
	-0.1%
	-3.3%
	-3.4%
	-0.1%
	-3.9%
	-3.7%

	 Overall (With Class F )
	-0.1%
	-3.1%
	-3.3%
	-0.1%
	-3.6%
	-3.5%

	Enc Time[%]
	94%
	92%

	Dec Time[%]
	97%
	99%

	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0%
	-11.1%
	-9.7%
	0.0%
	-13.0%
	-9.8%

	Class B
	0.0%
	-3.0%
	-2.1%
	0.0%
	-3.7%
	-2.2%

	Class C
	0.0%
	-1.9%
	-2.1%
	0.0%
	-2.2%
	-2.3%

	Class D
	0.0%
	-1.6%
	-1.5%
	0.1%
	-1.6%
	-1.7%

	Class E
	 
	
	 
	 
	
	 

	Class F
	-0.1%
	-2.3%
	-2.6%
	0.0%
	-2.1%
	-2.3%

	Overall (Without Class F )  
	0.0%
	-4.3%
	-3.7%
	0.0%
	-5.0%
	-3.9%

	 Overall (With Class F )
	0.0%
	-3.9%
	-3.5%
	0.0%
	-4.5%
	-3.6%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0%
	-1.1%
	-1.0%
	0.0%
	-1.2%
	-0.8%

	Class C
	0.0%
	-0.7%
	-0.8%
	0.0%
	-0.7%
	-0.6%

	Class D
	-0.2%
	-0.8%
	-0.5%
	0.1%
	-0.9%
	-0.6%

	Class E
	-0.1%
	-0.9%
	-2.3%
	0.0%
	-1.6%
	-3.1%

	Class F
	0.1%
	-1.0%
	-1.1%
	-0.1%
	-1.7%
	-1.5%

	Overall (Without Class F )  
	-0.1%
	-0.9%
	-1.1%
	0.0%
	-1.1%
	-1.1%

	 Overall (With Class F )
	0.0%
	-0.9%
	-1.1%
	0.0%
	-1.2%
	-1.2%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	

	
	Low delay P HE
	Low delay P LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0%
	-0.8%
	-1.0%
	0.0%
	-1.5%
	-0.5%

	Class C
	0.0%
	-0.7%
	-0.7%
	0.0%
	-0.8%
	-0.9%

	Class D
	0.0%
	-0.9%
	-0.4%
	0.0%
	-1.2%
	-0.9%

	Class E
	-0.1%
	-1.2%
	-2.2%
	0.0%
	-2.3%
	-2.4%

	Class F
	0.0%
	-0.9%
	-1.2%
	0.0%
	-1.2%
	-1.2%

	Overall (Without Class F )  
	0.0%
	-0.9%
	-1.0%
	0.0%
	-1.4%
	-1.1%

	 Overall (With Class F )
	0.0%
	-0.9%
	-1.0%
	0.0%
	-1.4%
	-1.1%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%


4. Conclusion

This contribution proposes two new modes (LML and LMA) for chroma intra prediction. It reports the results of implementing the proposed LML and LMA modes in 3 different schemes. Experiments of all schemes show that proposed two modes are very effective and improve the RD performance obviously. It show be noted that all three schemes add no new syntax. Therefore, we propose to adopt one of these 3 schemes to be adopted into HM.
5. References
[1] J. Chen, V. Seregin, S. Lee, W. Han, J. Kim, B.M. Jeon, “CE6.a: Chroma intra prediction by reconstructed luma samples”, JCTVC-E266, Geneva, March, 2011.
[2] Frank Bossen, “Common test conditions and software reference configurations”, Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, JCTVC-E900, 6th Meeting: Torino, IT, July 2011.
6. Patent rights declaration(s)

The Hong Kong University of Science and Technology may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form)
WD changes 
8.3.1 Derivation process for luma intra prediction mode

……
Table 8‑1 – Specification of intra prediction mode and associated names
	Intra prediction mode
	Associated names

	0
	Intra_Vertical

	1
	Intra_Horizontal

	2
	Intra_DC

	Otherwise (3..33)
	Intra_Angular

	34
	Intra_Planar

	35
	Intra_FromLuma (used only for chroma)

	36
	Intra_FromLumaLeftTemplate (used only for chroma)

	37
	Intra_FromLumaAboveTemplate (used only for chroma)


……
8.3.2.
Derivation process for chroma intra prediction mode

Input to this process is a luma location ( xB, yB ) specifying the top-left luma sample of the current block relative to the top‑left luma sample of the current picture.

Output of this process is the variable IntraPredModeC.

The chroma intra prediction mode IntraPredModeC is derived as specifed in Table 8‑4 or Table 8‑5 with intra_chroma_pred_mode, IntraPredMode[ xB ][ yB ] and chroma_pred_from_luma_enabled_flag as inputs.

IntraPredModeC is further modified to be equal to Intra_Planar when IntraPredModeC is equal to Intra_DC and planar_flag_chroma is equal to 1.
Table 8‑4 – Specification of IntraPredModeC according to the values of intra_chroma_pred_mode and IntraPredMode[ xB ][ yB ] when chroma_pred_from_luma_enabled_flag is equal to 1
	intra_chroma_pred_mode
	IntraPredModeC[ xB ][ yB ]

	0
	IntraPredMode[ xB ][ yB ]

	1
	35

	2
	36

	3
	37


  ……
8.3.3.1.9 Specification of Intra_FromLumaLeftTemplate prediction mode
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 samples of chroma p[ x, y ], with x= -1, y = 0..2*nS-1,
–
neighbouring samples of luma pY[ x, y ], with x = -2, y = 0…4*nS-1,
–
samples of luma pY[ x, y ] in the current block, with x = 0… 2*nS-1, y = 0…2*nS-1,
–
a variable nS specifying the prediction size.

Output of this process is:

–
predicted samples predSamples[ x, y ], with x, y =0..nS-1.

This intra prediction mode is invoked when intraPredMode is equal to 36.

The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as the following ordered steps:

1. Variable k3 and the sample array pY’ are derived as:

k3 = Max( 0, BitDepthC + log2( nS ) – 14 )

(8‑30)
pY’[ x, y ] = ( pY [ 2x, 2y ] + pY [ 2x, 2y+1 ] ) >> 1, with x= -1, y = 0..2*nS-1


pY’[ x, y ] = ( pY [ 2x, 2y ] + pY [ 2x, 2y+1 ] ) >> 1, with x= 0..nS-1, y = 0..nS-1
(8‑30)
2. Variables L, C, LL, LC and k2 are derived as follows:

L =
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C =
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(8‑30)
LL =
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(8‑30)
LC =
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(8‑30)
k2 = log2( (2*nS) >> k3 )

(8‑30)
……
8.3.3.1.10 Specification of Intra_FromLumaAboveTemplate prediction mode
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 samples of chroma p[ x, y ], with x= 0..2*nS-1, y = -1,
–
neighbouring samples of luma pY[ x, y ], with x = 0…4*nS-1, y = -1,

–
samples of luma pY[ x, y ] in the current block, with x = 0… 2*nS-1, y = 0…2*nS-1,
–
a variable nS specifying the prediction size.

Output of this process is:

–
predicted samples predSamples[ x, y ], with x, y =0..nS-1.

This intra prediction mode is invoked when intraPredMode is equal to 37.

The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as the following ordered steps:

1. Variable k3 and the sample array pY’ are derived as:

k3 = Max( 0, BitDepthC + log2( nS ) – 14 )

(8‑30)
pY’[ x, y ] = ( pY [ 2x-1, 2y+1 ] + 2* pY [ 2x, 2y+1 ] + pY [ 2x+1, 2y+1 ] + 2 ) >> 2, with x=0..2*nS-1, y = -1

(8‑30)

pY’[ x, y ] = ( pY [ 2x, 2y ] + pY [ 2x, 2y+1 ] ) >> 1, with x= 0..nS-1, y = 0..nS-1
(8‑30)
2. Variables L, C, LL, LC and k2 are derived as follows:

L = 
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(8‑30)
C = 
[image: image33.wmf]2*1
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(8‑30)
LL = 
[image: image34.wmf]2*1
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(8‑30)
LC =

[image: image35.wmf]2*1
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(8‑30)
k2 = log2( (2*nS) >> k3 )

(8‑30)
……
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