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Abstract
This contribution is related to the context modelling for signalling the index of multiple transform set (MTS). In VVC Draft 5, the quadtree depth (QTDepth) of one coding block (CB) is used to select the context variable when signalling the first bin of MTS index (tu_mts_idx). However, the QTDepth cannot always represent the CB area, because of additional usage of binary tree (BT) and ternary tree (TT) splitting. In this contribution, three methods are proposed to replace QTDepth in the context modelling of the first bin of tu_mtx_idx by CB area. The current method in VTM5.0 and method 1 use six context variables, while method 2 uses four context variables. In method 3, only one context variable is used for signalling the first bin of tu_mtx_idx. It is reported that the proposed context modelling results in AI, RA, and LB Y/Cb/Cr BD-rates as 0.00%/-0.02%/-0.01, 0.01%/-0.05%/-0.01%, and x.xx%/x.xx%/x.xx% for method 1, respectively, -0.01%/-0.05%/0.01%, 0.00%/-0.05%/-0.04%, and x.xx%/x.xx%/x.xx% for method 2, respectively, and 0.00%/-0.04%/0.01, x.xx%/x.xx%/x.xx%, and x.xx%/x.xx%/x.xx% for method 3, respectively.
In addition, a change for the VVC draft specification is also proposed ussing transform_not_skip_flag instead of transform_skip_flag to allow using truncated unary code to binarize the syntax element, (transform_not_skip_flag, tu_mts_idx).

Introduction
According to VVC Draft 5 [1], multiple transform selection (MTS) can be applied to the non-intra subpartition (non-ISP) and non-subblock transform (non-SBT) luma CBs with both width and height smaller than or equal to 32, and having one or more luma transform coefficient levels not equal to 0 (i.e., tu_cbf_luma is equal to 1). If all of the above conditions are satisfied, the MTS index from Table 1 is signalled. Otherwise, the MTS index is not signalled and inferred to be 0.



Table 1: Transform selection in MTS and the corresponding codewords of tu_mts_idx,
where the first bin is underlined.
	Horizontal transform
	DCT-II
	DST-VII
	DCT-VIII
	DST-VII
	DCT-VIII

	Vertical transform
	DCT-II
	DST-VII
	DST-VII
	DCT-VIII
	DCT-VIII

	MTS selection
	0
	1
	2
	3
	4

	The codeword of tu_mts_idx (signalled with contexts)
	0
	10
	110
	1110
	1111



For each luma transform block (TB), the syntax element, tu_mts_idx, indicates the transform mode, as shown in Table 1. For example, when tu_mts_idx is equal to 0, the DCT-II inverse transform is applied in both horizontal and vertical directions to reconstruct the residue of one TB; when tu_mts_idx is equal to 1, the DST-VII inverse transform is applied in both horizontal and vertical directions to reconstruct the residue of one TB; etc. All of the bins in tu_mts_idx are context coded. Bins with index equal to 1, 2, and 3 are coded with a separate context variable. The first bin of tu_mts_index (bin index equal to 0) is also context coded but using six separate context variables (ctxIdx), which are defined based on the quaternary depth of the current CB (QTDepth):
    			      (1)
Equation (1) is equivalent to Table 2.

Table 2: ctxIdx defined based on the QTDepth of the CB
	QTDepth
	0
	1
	2
	3
	4
	>=5

	ctxIdx
	0
	1
	2
	3
	4
	5



According to the current VVC design, the QTDepth is computed relative to luma coding tree block (CTB) size, i.e. QTDepth will be equal to 0 for both, 128x128 luma CTB in case of common test conditions (CTC) [2] and 64x64 luma CTB in case of non-CTC. On the other hand, MTS can be enabled based on the CB size, i.e. for luma CBs with both width and height smaller than or equal to 32. This way, MTS and QTDepth become decoupled in case of non-CTC coding, which should not happen.
At the same time, the VVC allows not only quaternary tree (QT) splits of the CBs, but also BT and TT splits. Moreover, when either BT or TT split is applied, the value of QTDepth is fixed and not updated for all further splits.
On top of that, since MTS may be applied to luma CBs of size smaller than or equal to 32x32, the current ctxIdx design starting from zero QTDepth value is, again, ambiguous.
Therefore, considering the abovementioned, defining ctxIdx based only on QTDepth of one CB may be misleading and not reflecting changes in the CB area, and therefore needs to be updated.
In addition, JVET-M0464 [3] was adopted into VTM to combine the syntax of transfrom skip (TS) and multiple transform set (MTS) with an accociated syntax element, denoted as tu_mts_idx. In JVET-M0464, the binarization of tu_mts_idx is defined in Table 3. However, the text was not changed accordingly. In VVC Draft 5, transform_skip_flag and tu_mts_idx are used to indicate the transform type as follows. transform_skip_flag equal to 1 means no transform is applied and when transform_skip_flag is equal to 0, tu_mts_idx can be signalled to select the transform type from DCT-II and MTS. The binarization of transform_skip_flag and tu_mts_idx is defined in Table 4. When both TS and MTS are enabled, the first bin is for transform_skip_flag.

Table 3. Binarization of tu_mts_idx in JVET-M0464
	tu_mts_idx
	transform type
	Binarization

	
	horizontal
	vertical
	MTS & TS enabled
	MTS enabled
	TS enabled

	0 
	SKIP
	0
	-
	0

	1 
	DCT-II
	DCT-II
	10
	0
	1

	2
	DST-VII
	DST-VII
	110
	10
	-

	3
	DCT-VIII
	DST-VII
	1110
	110
	-

	4
	DST-VII
	DCT-VIII
	11110
	1110
	-

	5
	DCT-VIII
	DCT-VIII
	11111
	1111
	-



Table 4. Binarization of transform_skip_flag and tu_mts_idx in VVC Draft 5 (JVET-N1001-v8)
	(transform_skip_flag, tu_mts_idx)
	transform type
	binarization

	
	horizontal
	vertical
	MTS & TS enabled
	MTS enabled
	TS enabled

	(1, -)
	SKIP
	1
	-
	1

	(0, 0) 
	DCT-II
	DCT-II
	00
	0
	0

	(0, 1)
	DST-VII
	DST-VII
	010
	10
	-

	(0, 2)
	DCT-VIII
	DST-VII
	0110
	110
	-

	(0, 3)
	DST-VII
	DCT-VIII
	01110
	1110
	-

	(0, 4)
	DCT-VIII
	DCT-VIII
	01111
	1111
	-



Proposed methods
2.1. Defining ctxIdx for the first bin of tu_mts_index
Three methods are proposed which solve the issue of defining ctxIdx for the first bin of tu_mts_index.
In method 1, it is proposed to change context modelling of the first bin in tu_mts_idx from QTDepth to luma CB area, as shown in Table 5. This way, the ambiguity in the ctxIdx definition can be solved and the fact that MTS is applied to luma CBs of size smaller than or equal to 32x32 is considered.

Table 5: ctxIdx defined considering luma CB area, using six context variables
	luma CB area
	1024
	512
	256
	128
	64
	<=32

	ctxIdx
	0
	1
	2
	3
	4
	5



Method 2 is shown in Table 6. It is based on method 1 but allows to keep the block sizes for ctxIdx definition as power of 4. This makes it closer to the original design, while still allowing to resolve all the above mentioned issues. The number of context variables is reduced from six to four.



Table 6: ctxIdx defined considering luma CB area, using four context variables
	luma CB area
	1024
	512
	256
	128
	64
	<=32

	ctxIdx
	0
	1
	1
	2
	2
	3



Method 3 further reduces the number of context variables from six to one.

2.2. Changing transform_not_skip_flag in the VVC draft specification
A change is proposed to use “transform_not_skip_flag” instead of “transform_skip_flag” to indicate whether to use TS. transform_not_skip_flag equal to 0 means no transform is applied and transform_not_skip_flag equal to 1 means DCT-II or MTS can be applied. The binarization of transform_not_skip_flag and tu_mts_idx is defined in Table 7. In this way, truncated unary binarization is achieved.

Table 7. Binarization of proposed transform_not_skip_flag and tu_mts_idx
	(transform_not_skip_flag, tu_mts_idx)
	transform type
	binarization

	
	horizontal
	vertical
	MTS & TS enabled
	MTS enabled
	TS enabled

	(0, -)
	SKIP
	0
	-
	0

	(1, 0) 
	DCT-II
	DCT-II
	10
	0
	1

	(1, 1)
	DST-VII
	DST-VII
	110
	10
	-

	(1, 2)
	DCT-VIII
	DST-VII
	1110
	110
	-

	(1, 3)
	DST-VII
	DCT-VIII
	11110
	1110
	-

	(1, 4)
	DCT-VIII
	DCT-VIII
	11111
	1111
	-



Experimental results
The proposed methods have been implemented on top of VTM5.0. The tests were conducted under the CTC for evaluation. Table 8 shows the simulation results of method 1, Table 9 shows simulation results of method 2, and Table 10 shows simulation results of method 3.



Table 8.  Results of method 1
	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.00%
	0.00%
	100%
	99%

	Class A2
	0.00%
	-0.02%
	-0.03%
	100%
	100%

	Class B
	0.00%
	-0.07%
	0.04%
	101%
	99%

	Class C
	0.01%
	0.04%
	0.00%
	101%
	98%

	Class E
	0.01%
	-0.06%
	-0.09%
	100%
	100%

	Overall 
	0.00%
	-0.02%
	-0.01%
	100%
	99%

	Class D
	0.00%
	0.15%
	0.09%
	100%
	96%

	Class F
	0.00%
	0.06%
	0.10%
	101%
	99%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.19%
	0.16%
	100%
	99%

	Class A2
	0.03%
	-0.09%
	0.05%
	100%
	101%

	Class B
	0.01%
	0.04%
	-0.08%
	100%
	99%

	Class C
	-0.02%
	-0.04%
	-0.10%
	100%
	98%

	Class E
	 
	
	 
	 
	 

	Overall
	0.01%
	-0.05%
	-0.01%
	100%
	99%

	Class D
	0.02%
	0.05%
	0.14%
	100%
	100%

	Class F
	-0.04%
	-0.04%
	0.10%
	100%
	99%

	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	2%

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	11%

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	10%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	5%

	Class D
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	40%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	11%




Table 9.  Results of method 2
	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.07%
	0.01%
	101%
	99%

	Class A2
	0.00%
	-0.03%
	-0.06%
	101%
	104%

	Class B
	0.00%
	-0.08%
	0.03%
	101%
	100%

	Class C
	-0.01%
	-0.01%
	0.01%
	100%
	99%

	Class E
	-0.02%
	-0.07%
	0.02%
	100%
	100%

	Overall 
	-0.01%
	-0.05%
	0.01%
	100%
	100%

	Class D
	-0.01%
	0.20%
	-0.18%
	100%
	100%

	Class F
	-0.01%
	-0.06%
	0.02%
	100%
	100%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.11%
	0.09%
	100%
	101%

	Class A2
	0.01%
	0.08%
	0.12%
	100%
	99%

	Class B
	0.04%
	-0.01%
	-0.11%
	100%
	100%

	Class C
	-0.05%
	-0.16%
	-0.18%
	100%
	98%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	-0.05%
	-0.04%
	100%
	99%

	Class D
	0.02%
	0.08%
	0.17%
	99%
	99%

	Class F
	-0.01%
	0.00%
	-0.08%
	101%
	96%

	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	2%

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	11%

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	10%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	5%

	Class D
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	40%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	11%




Table 10.  Results of method 3
	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.01%
	-0.03%
	99%
	99%

	Class A2
	0.00%
	-0.05%
	-0.06%
	97%
	99%

	Class B
	0.01%
	-0.04%
	0.07%
	99%
	99%

	Class C
	0.00%
	-0.08%
	0.05%
	99%
	99%

	Class E
	-0.01%
	-0.02%
	-0.04%
	99%
	99%

	Overall 
	0.00%
	-0.04%
	0.01%
	99%
	99%

	Class D
	0.02%
	0.01%
	-0.09%
	99%
	99%

	Class F
	-0.01%
	-0.04%
	-0.09%
	99%
	99%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.20%
	0.09%
	100%
	#NUM!

	Class A2
	0.84%
	1.36%
	0.65%
	32%
	#NUM!

	Class B
	0.00%
	-0.13%
	-0.14%
	100%
	99%

	Class C
	-0.08%
	0.01%
	-0.15%
	99%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	0.15%
	0.19%
	0.06%
	79%
	#NUM!

	Class D
	-0.02%
	0.23%
	0.14%
	99%
	101%

	Class F
	0.00%
	-0.05%
	0.03%
	100%
	96%

	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	2%

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	11%

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	10%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	5%

	Class D
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	40%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	0%
	11%



Conclusion
This document proposed three methods. The first two methods propose to replace QTDepth in the context modelling for singalling the first bin of tu_mts_idx by CB area, and the number of context variables can also be reduced from six to four. The third method proposes to replace QTDepth in the context modelling for singalling the first bin of tu_mts_idx by single context variable. The simulation results show that the BD-rate impact is minor. In addition, a change for the VVC draft specification is proposed to use transform_not_skip_flag instead of transform_skip_flag as to achieve truncated unary binarization for (transform_not_skip_flag, tu_mts_idx).

References
[1] B. Bross, J. Chen, and S. Liu, “Versatile Video Coding (Draft 5),” Document of Joint Video Experts Team, JVET-N1001.
[2] F. Bossen, J. Boyce, X. Li, V. Seregin, and K. Sühring, “JVET common test conditions and software reference configurations for SDR video,” Document of Joint Video Experts Team, JVET-N1010.
[3] B. Bross, T. Nguyen, P. Keydel, H. Schwarz, D. Marpe, and T. Wiegand, “Non-CE8: Unified transform type signalling and residual coding for transform skip,” Document of Joint Video Experts Team, JVET-M0464.

Patent rights declaration(s)
MediaTek Inc. may have current or pending patent rights 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).
[bookmark: _GoBack]
	Page: 8	Date Saved: 2019-06-26
image1.png




image2.png




