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Abstract
This contribution present two implicit transform selection methods based on intra mode, all the two method are conducted when implicit MTS is switch on. For the first proposed method, it is reported that the BD-rate are -0.22%, -0.05%, -0.02% for AI, RA and LB respectively. For the second proposed method, it is reported that the BD-rate are -0.27%, -0.05%, 0.01% for AI, RA and LB respectively.
This contribution also proposed to unify implicit MTS and ISP based on intra mode:
1. When unifying implicit and ISP with original ISP transform method, it is reported that the BD-rate are: 
-0.24%, -0.04%, -0.03% for AI, RA and LB respectively.
2. When unifying implicit and ISP with proposed method 1, it is reported that the BD-rate are:
 -0.225%, -0.03xx%, -0.03xx% for AI, RA and LB respectively.
3. When unifying implicit and ISP with proposed method 2, it is reported that the BD-rate are:
 -0.254%, -0.05xx%, -0.01xx% for AI, RA and LB respectively.
Introduction
In current implicit MTS that adopt in VTM-4.0[1]. When the implicit MTS is switched on, the selection of transform is adaptively based on the shape of transform unit. Hence, no signalling is required to indicated the transform pair in the decoder for current transform unit. For example, let  and  be the horizontal and the vertical transforms selected respectively for the  transform unit, where  is the width and  is the height. Then the transform is selected according to the Table 1:
[bookmark: _Ref3295985]Table 1 – Implicit MTS based on shape in VTM4.0
	 = (W >= 4 && W <= 16 && W <= H)? DST7: DCT2
 = (H >= 4 && H <= 16 && H <= W)? DST7: DCT2


In current Intra sub-partition that adopt in VTM4.0[2], the transform choice for ISP mode is implicit. For example, if a CU uses the ISP coding mode, the MTS CU flag will be set to 0 and it will not be sent to the decoder. Therefore, the encoder will not perform RD tests for the different available transforms for each resulting sub-partition. The transform choice for the ISP mode will instead be fixed and selected according the intra mode, the processing order and the block size utilized. Hence, no signalling is required. For example, let  and  be the horizontal and the vertical transforms selected respectively for the  sub-partition, where  is the width and  is the height. Then the transform is selected as following rules:
· If  or , then there is no horizontal or vertical transform respectively.
· If  or ,  = DCT2
· If  or ,  = DCT2
· Otherwise, the transform is selected as in Table 2. 
[bookmark: _Ref3377848]Table 2 – Transform selection depends on intra mode
	Intra mode
	
	

	Planar
Ang. 31,32,34,36,37
	DST7
	DST7

	DC
Ang. 33, 35
	DCT2
	DCT2

	Ang. 2, 4, 6…28,30
Ang. 39,41,43…63,65
	DST7
	DCT2

	Ang. 3,5,7…27,29
Ang. 38,40,42…64,66
	DCT2
	DST7



Proposed Method
In this contribution, the proposed method introduced two methods about implicit transform selection based on intra mode. For the first method, when intra mode is Planar, the transform pair is inferred to (DST7, DST7), when intra mode is DC, the transform pair is inferred to (DCT2, DCT2), when intra mode is angular mode from 2 to 66, the transform pair is inferred based on a parity switching mechanism. For the second method, compared to the first method, all odd angular mode can use the same transform pair (DST7, DST7) and there is no need to classify the odd angular mode.
With the same size restriction for non-DCT2 transforms, we also proposed unified implicit MTS and ISP with Table 2, Table 3 and Table 4.
Proposed 1st version of implicit MTS based on intra mode
The transform selection for the whole transform unit will instead be selected according the intra mode and the block size. The transform pair for the whole transform unit is selected according to the following rules:
· If ,  = DCT2
· If ,  = DCT2
· [bookmark: _Ref525399014]Otherwise, the transform is selected as in Table 3. 
[bookmark: _Ref3226623]Table 3 – Proposed transform selection depends on intra mode
	Intra mode
	
	

	DC
	DCT2
	DCT2

	Planar
	DST7
	DST7

	Ang. [2-34] && even
Ang. [35-66] && odd
	DST7
	DCT2

	Ang. [2-34] && odd
Ang. [35-66] && even
	DCT2
	DST7


Proposed 2st version of implicit MTS based on intra mode
The transform selection for the whole transform unit will instead be selected according the intra mode and the block size. The transform pair for the whole transform unit is selected according to the following rules:
· If ,  = DCT2
· If ,  = DCT2
· Otherwise, the transform is selected as in Table 4. 
[bookmark: _Ref3226672]Table 4 – Proposed transform selection depends on intra mode
	Intra mode
	
	

	DC
	DCT2
	DCT2

	Planar
Ang. [2-66] && odd
	DST7
	DST7

	Ang. [2-34] && even
	DST7
	DCT2

	Ang. [35-66] && even
	DCT2
	DST7



Experimental Results
To evaluate the coding performance of the proposed method, the VTM-4.0 is served as the experimental platform, the CTC specified in [3], are adopted, and all the sequences are tested across the configurations. BD-rate is used to evaluate the final coding performance. Due to implicit MTS are not include in CTC, thus all the tests are configured as following: MTS=0, Implicit MTS=1
Results for 1st version of proposed method in implicit MTS
	
	All Intra Main10 

	
	Over VTM-4.0+ImplicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.13%
	0.19%
	0.15%
	102%
	101%

	Class A2
	-0.16%
	0.07%
	0.05%
	101%
	101%

	Class B
	-0.25%
	0.19%
	0.19%
	100%
	100%

	Class C
	-0.21%
	-0.03%
	0.04%
	103%
	102%

	Class E
	-0.32%
	0.11%
	-0.04%
	101%
	100%

	Overall 
	-0.22%
	0.11%
	0.09%
	101%
	101%

	Class D
	-0.28%
	-0.12%
	0.07%
	102%
	103%

	Class F (optional)
	-0.07%
	0.07%
	0.09%
	101%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-4.0+ImplicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	-0.17%
	0.03%
	99%
	100%

	Class A2
	-0.04%
	0.08%
	0.14%
	99%
	100%

	Class B
	-0.03%
	0.13%
	0.38%
	100%
	99%

	Class C
	-0.06%
	0.29%
	-0.02%
	100%
	101%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.05%
	0.10%
	0.15%
	100%
	100%

	Class D
	-0.15%
	0.04%
	-0.22%
	100%
	101%

	Class F (optional)
	-0.03%
	-0.01%
	-0.18%
	100%
	101%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-4.0+ImplicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.02%
	0.26%
	-0.66%
	100%
	101%

	Class C
	-0.07%
	-0.21%
	-0.46%
	100%
	101%

	Class E
	0.06%
	-0.73%
	-0.08%
	100%
	100%

	Overall
	-0.02%
	-0.15%
	-0.45%
	100%
	101%

	Class D
	-0.07%
	0.82%
	0.21%
	100%
	101%

	Class F (optional)
	-0.15%
	0.62%
	-0.18%
	100%
	99%


Results for 2st version of proposed method in implicit MTS
	
	All Intra Main10 

	
	Over VTM-4.0+ImplicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.26%
	-0.07%
	-0.17%
	102%
	101%

	Class A2
	-0.21%
	-0.14%
	-0.18%
	101%
	102%

	Class B
	-0.29%
	-0.04%
	-0.03%
	100%
	100%

	Class C
	-0.21%
	-0.22%
	-0.04%
	102%
	103%

	Class E
	-0.38%
	-0.32%
	-0.37%
	101%
	100%

	Overall 
	-0.27%
	-0.15%
	-0.14%
	101%
	101%

	Class D
	-0.27%
	-0.29%
	-0.20%
	102%
	102%

	Class F (optional)
	-0.12%
	-0.11%
	-0.14%
	101%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-4.0+ImplicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.08%
	-0.31%
	-0.08%
	100%
	100%

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class B
	-0.04%
	-0.02%
	0.09%
	100%
	100%

	Class C
	-0.09%
	0.34%
	-0.15%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.05%
	0.02%
	-0.02%
	100%
	100%

	Class D
	-0.09%
	-0.24%
	0.03%
	100%
	100%

	Class F (optional)
	-0.09%
	-0.03%
	-0.28%
	100%
	100%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-4.0+ImplicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.03%
	-0.09%
	-0.52%
	100%
	100%

	Class C
	-0.08%
	-0.36%
	-0.32%
	100%
	102%

	Class E
	0.19%
	-1.56%
	0.18%
	100%
	101%

	Overall
	0.01%
	-0.55%
	-0.28%
	100%
	101%

	Class D
	-0.03%
	0.13%
	-0.16%
	101%
	101%

	Class F (optional)
	-0.17%
	-0.07%
	-0.11%
	100%
	99%



Results for unified Implicit MTS and ISP with Table2

	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.16%
	0.12%
	0.15%
	102%
	102%

	Class A2
	-0.18%
	0.12%
	0.03%
	101%
	101%

	Class B
	-0.27%
	0.21%
	0.17%
	100%
	99%

	Class C
	-0.22%
	-0.02%
	0.08%
	102%
	102%

	Class E
	-0.33%
	0.03%
	-0.04%
	101%
	100%

	Overall 
	-0.24%
	0.10%
	0.09%
	101%
	101%

	Class D
	-0.29%
	-0.06%
	0.09%
	101%
	100%

	Class F
	-0.09%
	-0.08%
	-0.01%
	101%
	102%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.14%
	-0.11%
	100%
	100%

	Class A2
	-0.03%
	0.22%
	0.07%
	100%
	100%

	Class B
	-0.03%
	0.18%
	0.16%
	100%
	100%

	Class C
	-0.05%
	0.22%
	0.11%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.04%
	0.14%
	0.07%
	100%
	100%

	Class D
	-0.16%
	-0.01%
	-0.22%
	101%
	101%

	Class F
	-0.04%
	0.02%
	-0.14%
	100%
	100%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.04%
	-0.21%
	-0.37%
	100%
	100%

	Class C
	-0.05%
	-0.21%
	-0.19%
	100%
	102%

	Class E
	0.03%
	-2.07%
	-0.14%
	101%
	102%

	Overall
	-0.03%
	-0.68%
	-0.25%
	100%
	101%

	Class D
	-0.08%
	0.02%
	-0.09%
	100%
	99%

	Class F
	-0.07%
	-0.36%
	0.08%
	100%
	100%



Results for unified Implicit MTS and ISP with Table3
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.16%
	0.12%
	0.15%
	102%
	102%

	Class A2
	-0.18%
	0.12%
	0.03%
	101%
	101%

	Class B
	-0.27%
	0.21%
	0.17%
	100%
	99%

	Class C
	-0.22%
	-0.02%
	0.08%
	102%
	102%

	Class E
	-0.33%
	0.03%
	-0.04%
	101%
	100%

	Overall 
	-0.24%
	0.10%
	0.09%
	101%
	101%

	Class D
	-0.29%
	-0.06%
	0.09%
	101%
	100%

	Class F
	-0.09%
	-0.08%
	-0.01%
	101%
	102%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.14%
	-0.11%
	100%
	100%

	Class A2
	-0.03%
	0.22%
	0.07%
	100%
	100%

	Class B
	-0.03%
	0.18%
	0.16%
	100%
	100%

	Class C
	-0.05%
	0.22%
	0.11%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.04%
	0.14%
	0.07%
	100%
	100%

	Class D
	-0.16%
	-0.01%
	-0.22%
	101%
	101%

	Class F
	-0.04%
	0.02%
	-0.14%
	100%
	100%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.04%
	-0.21%
	-0.37%
	100%
	100%

	Class C
	-0.05%
	-0.21%
	-0.19%
	100%
	102%

	Class E
	0.03%
	-2.07%
	-0.14%
	101%
	102%

	Overall
	-0.03%
	-0.68%
	-0.25%
	100%
	101%

	Class D
	-0.08%
	0.02%
	-0.09%
	100%
	99%

	Class F
	-0.07%
	-0.36%
	0.08%
	100%
	100%



	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.13%
	0.18%
	0.12%
	102%
	101%

	Class A2
	-0.17%
	0.11%
	0.06%
	101%
	100%

	Class B
	-0.25%
	0.19%
	0.22%
	100%
	99%

	Class C
	-0.22%
	-0.01%
	0.02%
	102%
	102%

	Class E
	-0.31%
	0.06%
	-0.01%
	101%
	99%

	Overall 
	-0.22%
	0.11%
	0.10%
	101%
	100%

	Class D
	-0.28%
	-0.02%
	0.15%
	102%
	106%

	Class F
	-0.06%
	0.06%
	0.02%
	101%
	101%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.18%
	-0.02%
	100%
	102%

	Class A2
	-0.04%
	0.33%
	0.04%
	100%
	101%

	Class B
	-0.02%
	0.15%
	0.38%
	100%
	100%

	Class C
	-0.05%
	0.39%
	-0.02%
	100%
	101%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.03%
	0.19%
	0.13%
	100%
	101%

	Class D
	-0.12%
	-0.02%
	0.00%
	100%
	102%

	Class F
	0.00%
	0.07%
	-0.10%
	100%
	100%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.01%
	-0.10%
	-0.56%
	100%
	101%

	Class C
	-0.06%
	0.06%
	-0.33%
	100%
	102%

	Class E
	-0.04%
	-0.70%
	0.54%
	100%
	102%

	Overall
	-0.03%
	-0.20%
	-0.21%
	100%
	101%

	Class D
	-0.04%
	-0.03%
	-0.45%
	100%
	100%

	Class F
	-0.14%
	0.25%
	0.90%
	100%
	101%



Results for unified Implicit MTS and ISP with Table4

	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.26%
	-0.12%
	-0.14%
	102%
	101%

	Class A2
	-0.20%
	-0.18%
	-0.20%
	101%
	101%

	Class B
	-0.27%
	-0.12%
	-0.09%
	101%
	99%

	Class C
	-0.17%
	-0.26%
	-0.11%
	103%
	103%

	Class E
	-0.37%
	-0.34%
	-0.45%
	101%
	100%

	Overall 
	-0.25%
	-0.20%
	-0.18%
	101%
	101%

	Class D
	-0.24%
	-0.25%
	-0.15%
	102%
	106%

	Class F
	-0.10%
	-0.12%
	-0.21%
	101%
	101%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.08%
	-0.25%
	-0.20%
	100%
	101%

	Class A2
	0.02%
	0.16%
	0.04%
	100%
	102%

	Class B
	-0.04%
	0.02%
	0.05%
	100%
	100%

	Class C
	-0.09%
	0.16%
	-0.12%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.05%
	0.03%
	-0.05%
	100%
	101%

	Class D
	-0.11%
	-0.11%
	-0.21%
	100%
	101%

	Class F
	-0.11%
	-0.09%
	-0.15%
	100%
	101%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0+implicitMTS_ON
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.04%
	0.06%
	-0.38%
	101%
	101%

	Class C
	-0.09%
	-0.29%
	-0.28%
	100%
	101%

	Class E
	0.14%
	-0.59%
	0.38%
	100%
	101%

	Overall
	-0.01%
	-0.22%
	-0.16%
	100%
	101%

	Class D
	-0.06%
	0.31%
	0.23%
	100%
	100%

	Class F
	-0.15%
	0.47%
	-0.08%
	101%
	101%



	
	All Intra Main10 

	
	Over VTM-4.0
+implicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.26%
	-0.12%
	-0.14%
	101%
	101%

	Class A2
	-0.20%
	-0.18%
	-0.20%
	101%
	101%

	Class B
	-0.27%
	-0.12%
	-0.09%
	100%
	99%

	Class C
	-0.17%
	-0.26%
	-0.11%
	101%
	98%

	Class E
	-0.37%
	-0.34%
	-0.45%
	101%
	100%

	Overall 
	-0.25%
	-0.20%
	-0.18%
	101%
	100%

	Class D
	-0.24%
	-0.25%
	-0.15%
	102%
	99%

	Class F (optional)
	-0.10%
	-0.12%
	-0.21%
	101%
	98%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-4.0
+implicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-4.0
+implicitMTS_ON

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class F (optional)
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



Conclusion
[bookmark: _GoBack]This contribution presents two implicit MTS method based on intra mode, compared with implicit MTS based on shape, the first method can achieve -0.22% coding gain in AI, and, the second method can achieve -0.27% coding gain in AI. We also proposed to unify the implicit MTS and ISP based on intra mode. It is recommended of the inclusion of the proposed transform versions into VTM.
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