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Abstract
[bookmark: _GoBack]This contribution propose two different modifications to the VVC4.0 regarding the chroma intra mode coding. The first modification is replacing the VDIA (mode 66) for DM mode by DIA (mode 2) for horizontally rectangular chroma blocks. The second one is to treat the luma intra prediction directions adjacent to Horizontal (or, Vertical) direction as the Horizontal (or, Vertical) for DM mode decision purpose for small chroma blocks (that is, not larger than 16x16 or 4x4). With respect to VTM-4.0 as the anchor, the first proposed modification of replacement of the luma direction shows average BDBR of -0.01-0.01% (Y), 0.000.00% (Cb), and -0.03-0.03% (Cr) for AI. The second modification of lumping intra luma directions (4x4) shows average BDBR of -0.05% (Y), -0.05% (Cb), and -0.06% (Cr) for AI.

Introduction
The chroma component can have intra prediction mode of Planar, DC, Vertical, Horizontal, DM mode, and CCLM (its variant) mode. In deciding whether a chroma block can be coded to have the DM mode, VVC checks whether the chroma block has the same prediction mode as its luma block. The luma block can have up to 93 different prediction modes as seen in Fig.1. If a chroma block has the same intra prediction direction as luma, the chrma block is encoded as the DM mode. 

[image: ]
Fig. 1.  Intra prediction directions

When a chroma block is not of DM mode, it can select one mode from Planar, DC, Vertical, Horizontal, and CCLM (and its variant) modes (if CCLM is enabled). In this selection process, the mode corresponding to the luma mode is replaced by VDIA mode (no. 66) when the luma block has one mode among Planar, DC, Vertical, Horizontal modes. It is shown in Table 1.
Table 1. Specification of IntraPredModeC[ xCb ][ yCb ] in VVC 4.0
(Table 8‑2) – Specification of IntraPredModeC[ xCb ][ yCb ] depending on intra_chroma_pred_mode[ xCb ][ yCb ] and IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] when sps_cclm_enabled_flag is equal to 0
	intra_chroma_pred_mode[ xCb ][ yCb ]
	IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ]

	
	0
	50
	18
	1
	X ( 0  <=  X  <=  66 )

	0
	66
	0
	0
	0
	0

	1
	50
	66
	50
	50
	50

	2
	18
	18
	66
	18
	18

	3
	1
	1
	1
	66
	1

	4
	0
	50
	18
	1
	X


(Table 8‑3) – Specification of IntraPredModeC[ xCb ][ yCb ] depending on intra_chroma_pred_mode[ xCb ][ yCb ] and IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] when sps_cclm_enabled_flag is equal to 1
	intra_chroma_pred_mode[ xCb ][ yCb ]
	IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ]

	
	0
	50
	18
	1
	X ( 0  <=  X  <=  66 )

	0
	66
	0
	0
	0
	0

	1
	50
	66
	50
	50
	50

	2
	18
	18
	66
	18
	18

	3
	1
	1
	1
	66
	1

	4
	81
	81
	81
	81
	81

	5
	82
	82
	82
	82
	82

	6
	83
	83
	83
	83
	83

	7
	0
	50
	18
	1
	X



Proposed coding of Chroma Intra Mode 
(1). Replacement of Luma direction for DM mode
In VVC 4.0, when the intra prediction direction of a chroma block is selected among planar, DC, horizontal, and vertical modes for non-DM chroma block, a particular mode among the four modes corresponding to the luma block is replaced by VDIA direction (i.e., mode 66) as seen in Table 1. We note that, as seen in Fig. 2, when the chroma block is of horizontally rectangular shape, the replacement direction is better to be DIA direction (i.e., mode 2). 

[image: ]
Fig. 2.  Horizontally rectangular chroma block

Therefore, for horizontally rectangular chroma blocks, the proposed change to VVC4.0 is as in Table 2.

Table 2. Proposed Specification of IntraPredModeC[ xCb ][ yCb ] using modified replacement direction for DM mode
(Table 8‑2) – Specification of IntraPredModeC[ xCb ][ yCb ] depending on intra_chroma_pred_mode[ xCb ][ yCb ] and IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] when sps_cclm_enabled_flag is equal to 0
	intra_chroma_pred_mode[ xCb ][ yCb ]
	IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ]

	
	0
	50
	18
	1
	X ( 0  <=  X  <=  66 )

	0
	2
	0
	0
	0
	0

	1
	50
	2
	50
	50
	50

	2
	18
	18
	2
	18
	18

	3
	1
	1
	1
	2
	1

	4
	0
	50
	18
	1
	X


(Table 8‑3) – Specification of IntraPredModeC[ xCb ][ yCb ] depending on intra_chroma_pred_mode[ xCb ][ yCb ] and IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] when sps_cclm_enabled_flag is equal to 1
	intra_chroma_pred_mode[ xCb ][ yCb ]
	IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ]

	
	0
	50
	18
	1
	X ( 0  <=  X  <=  66 )

	0
	2
	0
	0
	0
	0

	1
	50
	2
	50
	50
	50

	2
	18
	18
	2
	18
	18

	3
	1
	1
	1
	2
	1

	4
	81
	81
	81
	81
	81

	5
	82
	82
	82
	82
	82

	6
	83
	83
	83
	83
	83

	7
	0
	50
	18
	1
	X



The proposed modification is given as Fig. 3.

if(chroma.width > chroma.height)
		Use Table 3			// Modified from VVC4.0
   Else
		Use Table 1			// Same as VVC4.0
Fig. 3.  Propsoed scheme 2 for chroma intra prediction mode coding

(2). Lumped luma intra prediction directions for DM mode
In VVC, the DM mode is a very efficient and also a very frequent chroma intra mode. If the intra prediction mode of chroma block matches with that of luma block, the chroma block can be encoded as DM mode. The chroma block is one quarter size of luma block (in case of 4:2:0). In the case of a small-sized chroma block, the benefit in prediction accuracy coming from finely subdividing the intra prediction directions should be limited compared to the case of a relatively large-sized block. It is expected so since there is not much difference between the adjacent intra prediction directions even if a very fine intra prediction direction is set for small blocks as illustrated in Fig. 42. The fine subdivision of prediction directions in luma block will decrease the possibility of DM mode occurrence. 

[image: ]
Fig. 4.  Intra prediction directions of Small and Large Blcoks

In this contribution, it is proposed to treat adjacent prediction directions from the Horizontal direction (mode 18) as the Horizontal mode just for the DM mode encoding purpose. It allows that even if the luma block has mode 17 (or 19) and the chroma has horizontal mode, the chroma block is encoded as DM mode. This treatment by lumping adjacent prediction directions of the Horizontal (or, Vertical) as Horizontal (or, Vertical) is applied only for small chroma blocks in the context of chroma intra mode coding related to the DM mode. The proposed change to VVC4.0 is as in Table 3.

Table 3. Proposed Specification of IntraPredModeC[ xCb ][ yCb ] usnign lumping luma prediction directions for DM mode
(Table 8‑2) – Specification of IntraPredModeC[ xCb ][ yCb ] depending on intra_chroma_pred_mode[ xCb ][ yCb ] and IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] when sps_cclm_enabled_flag is equal to 0
	intra_chroma_pred_mode[ xCb ][ yCb ]
	IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ]

	
	0
	49,50,51
	17,18,19
	1
	X ( 0  <=  X  <=  66 )

	0
	66
	0
	0
	0
	0

	1
	50
	66
	50
	50
	50

	2
	18
	18
	66
	18
	18

	3
	1
	1
	1
	66
	1

	4
	0
	50
	18
	1
	X


(Table 8‑3) – Specification of IntraPredModeC[ xCb ][ yCb ] depending on intra_chroma_pred_mode[ xCb ][ yCb ] and IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] when sps_cclm_enabled_flag is equal to 1
	intra_chroma_pred_mode[ xCb ][ yCb ]
	IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ]

	
	0
	49,50,51
	17,18,19
	1
	X ( 0  <=  X  <=  66 )

	0
	66
	0
	0
	0
	0

	1
	50
	66
	50
	50
	50

	2
	18
	18
	66
	18
	18

	3
	1
	1
	1
	66
	1

	4
	81
	81
	81
	81
	81

	5
	82
	82
	82
	82
	82

	6
	83
	83
	83
	83
	83

	7
	0
	50
	18
	1
	X



The proposed size restriction for the small-sized chroma block is given as Fig. 5.

	if(chroma.width <=small_sizse 16 && chroma.height <=small_size16) //small_size : 16 or 4
		Use Table 2			// Modified from VVC4.0
   else
		Use Table 1			// Same as VVC4.0
Fig. 5.  Propsoed scheme 1 for chroma intra prediction mode coding

Experiment Result
Experiment is conducted to evaluate the proposed method under CTC condition [2] as below.
    Anchor: VTM-4.0 
· Test 1: VTM-4.0 + SKKU_Scheme 1 (Replacement Direction for DM mode)
	
	
	
	
	
	

	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.01%
	-0.03%
	100%
	100%

	Class A2
	-0.01%
	0.09%
	-0.04%
	100%
	100%

	Class B
	-0.01%
	-0.02%
	0.02%
	100%
	100%

	Class C
	0.01%
	-0.03%
	-0.06%
	100%
	100%

	Class E
	-0.02%
	0.01%
	-0.05%
	100%
	100%

	Overall 
	-0.01%
	0.00%
	-0.03%
	100%
	100%

	Class D
	-0.02%
	-0.08%
	-0.12%
	100%
	100%

	Class F
	0.37%
	0.32%
	0.32%
	100%
	100%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	-0.03%
	-0.01%
	100%
	100%

	Class A2
	-0.03%
	-0.06%
	0.01%
	100%
	100%

	Class B
	-0.01%
	0.02%
	-0.04%
	100%
	100%

	Class C
	0.03%
	-0.09%
	-0.06%
	101%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	-0.04%
	-0.03%
	100%
	100%

	Class D
	-0.03%
	-0.14%
	0.01%
	100%
	100%

	Class F
	-0.02%
	-0.08%
	0.00%
	101%
	100%

	
	
	
	
	
	








· Test 2: VTM-4.0 + SKKU_Scheme 2 (Lumped luma intra prediction direction for DM mode):16*16
	
	
	
	
	
	

	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.05%
	0.04%
	100%
	100%

	Class A2
	-0.01%
	0.12%
	-0.01%
	100%
	100%

	Class B
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class C
	0.01%
	-0.04%
	0.02%
	100%
	100%

	Class E
	0.00%
	0.01%
	-0.04%
	100%
	100%

	Overall 
	0.00%
	0.01%
	0.00%
	100%
	100%

	Class D
	-0.01%
	0.02%
	-0.01%
	100%
	100%

	Class F
	-0.01%
	-0.04%
	-0.05%
	100%
	100%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.01%
	0.02%
	100%
	100%

	Class A2
	-0.03%
	0.11%
	0.05%
	100%
	100%

	Class B
	0.00%
	-0.02%
	-0.07%
	100%
	100%

	Class C
	0.01%
	0.08%
	-0.09%
	101%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	0.03%
	-0.03%
	100%
	100%

	Class D
	0.00%
	-0.17%
	-0.12%
	100%
	100%

	Class F
	-0.02%
	0.03%
	-0.09%
	101%
	100%

	
	
	
	
	
	



· Test 3: VTM-4.0 + SKKU_Scheme 2 (Lumped luma intra prediction direction for DM mode):4*4

	
	
	
	
	
	

	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.01%
	0.01%
	100%
	100%

	Class A2
	-0.01%
	0.06%
	-0.03%
	100%
	100%

	Class B
	0.00%
	0.00%
	-0.02%
	100%
	100%

	Class C
	-0.24%
	-0.29%
	-0.24%
	100%
	100%

	Class E
	0.00%
	0.00%
	-0.01%
	100%
	100%

	Overall 
	-0.05%
	-0.05%
	-0.06%
	100%
	100%

	Class D
	-0.46%
	-0.47%
	-0.68%
	100%
	100%

	Class F
	0.00%
	-0.04%
	-0.01%
	100%
	100%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	100%
	100%

	Class C
	0.34%
	-0.41%
	-0.40%
	100%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.01%
	-0.07%
	-0.10%
	100%
	100%

	Class F
	-0.02%
	-0.04%
	-0.11%
	100%
	100%

	
	
	
	
	
	



· Test 43: VTM-4.0 + SKKU_Scheme 3 (Combination of Scheme 1 and Scheme 2 (16x16))

	
	
	
	
	
	

	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.05%
	-0.04%
	100%
	100%

	Class A2
	-0.02%
	0.13%
	-0.01%
	100%
	100%

	Class B
	-0.01%
	-0.02%
	0.11%
	100%
	100%

	Class C
	0.00%
	-0.04%
	0.06%
	100%
	100%

	Class E
	-0.01%
	0.11%
	0.05%
	100%
	100%

	Overall 
	-0.01%
	0.04%
	0.04%
	100%
	100%

	Class D
	-0.01%
	-0.06%
	-0.15%
	100%
	100%

	Class F
	0.01%
	-0.02%
	0.09%
	100%
	100%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-4.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.09%
	0.02%
	100%
	100%

	Class A2
	0.00%
	0.02%
	-0.02%
	100%
	100%

	Class B
	-0.02%
	-0.13%
	-0.15%
	100%
	100%

	Class C
	0.02%
	-0.15%
	-0.24%
	100%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	-0.06%
	-0.11%
	100%
	100%

	Class D
	0.00%
	0.01%
	-0.21%
	100%
	100%

	Class F
	-0.01%
	0.00%
	0.02%
	100%
	100%

	
	
	
	
	
	



(test results are in the attached excel file JVET-N0218.xlsm)


Conclusion
In this contribution, we proposed two different modifications to the current VVC [1] regarding chroma intra mode coding in order to address how to utilize the relatively small block size of chroma blocks and leverage the excellent coding efficiency of the DM mode. The proposed modifications are applied only to the small-sized chroma blocks (that is, not larger than 16x16 or 4x4) and horizontally rectangular shaped blocks. Since there are still some matters to further tune (for example, the block size to apply this scheme, and the range of angle lumping), it is proposed to test the proposed methods further in CE test.
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