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Abstract
This contribution proposes to modify intra prediction process. In particular, PDPC scaling is harmonized with intra subpartitions (ISP) coding mode, so that the number of reference samples used is maximized. The simulation results for method 1 reportedly show the Y/U/V BD-rate changes of 0.00%/- 0.02%/0.00%, -0.01%/‑0.01%/0.03% and ‑0.04%/0.01%/-0.16% for AI, RA and LDB configurations, respectively. The simulation results for method 2 reportedly show the Y/U/V BD-rate changes of 0.00%/- 0.03%/0.00% and 0.00%/‑0.06%/0.07% for AI and RA configurations, respectively. More significant coding efficiency improvements (-0.12%/0.57%/-0.27% and -0.10%/-0.32%/0.24% for method 1 and method 2, respectively) are achieved for class E in LDB case. 
In version 2, a symmetric intra interpolation filter selection is used, named as method 3. Compared to the current asymmetric interpolation filter selection approach in VTM7.0, method 3 achieves luma BD-rate changes of 0.00%/0.01%/-0.06% for AI, RA and LDB configurations, respectively. In addition, a combined test of method 1 and 3 are performed, the BD-rate changes of 0.00%/-0.01%/-0.04% for AI, RA and LDB configurations, respectively.
Introduction and problem statement
The value of nScale parameter depends on the width or height of the predicted block. However, when a block is coded using intra subpartitions (ISP) mode, the size of this subpartition is used to determine the nScale value.
Furthermore, the current Smoothing/DCT-IF filter selection process might result into an asymmetric filtering. The following text is used to select one of these two filters, where nTbS is derived as ( Log2 ( nTbW ) + Log2 ( nTbH ) ) >> 1:
· The variable minDistVerHor is set equal to Min( Abs( predModeIntra − 50 ), Abs( predModeIntra − 18 ) ).
· The variable intraHorVerDistThres[ nTbS ] is specified in Table 25.
· The variable filterFlag is derived as follows:
· If minDistVerHor is greater than intraHorVerDistThres[ nTbS ], filterFlag is set equal to 1.
· Otherwise, filterFlag is set equal to 0.
[bookmark: _Ref531354788]Table 25 – Specification of intraHorVerDistThres[ nTbS ] for various transform block sizes nTbS
	
	nTbS = 2
	nTbS = 3
	nTbS = 4
	nTbS = 5
	nTbS = 6
	nTbS = 7

	intraHorVerDistThres[ nTbS ]
	24
	14
	2
	0
	0
	0


If a mode difference to the horizontal or vertical (i.e. minDistVerHor) is larger than a correpsonding threshold value intraHorVerDistThres[ nTbS ], then filterFlag is set to 1 and Gaussian filter is selected. Considering an 8x16 block, nTbS would be 3 and the threshold intraHorVerDistThres[nTbS] equals to 14. In this case, there would be 6 modes below horizontal direction (bottom modes) and but only 2 modes above horizontal direction (top modes) will choose Gaussian filter. For bottom mode X in modes 3, -1 to -5 (after the wide angle intra mode mapping), the minDistVerHor value for mode X would choose abs(X – 18) and it is larger than the threshold value 14. However, only 2 modes (33 and 35) in the top symmetric modes (33, 35 to 39) would apply Gaussian filter, as for modes 36 to 39 their mode difference to vertical is smaller or equal to 14. 
[image: ]
Proposed methods
In this proposal, two methods are considered. These methods uses different approach to handle ISP split case. These methods are described in sections below.
Method 1
In this method, derivation of nScale parameter is performed as follows:

The variable nScale is derived as follows:
· If predModeIntra is equal to INTRA_PLANAR, INTRA_DC, INTRA_ANGULAR18, or INTRA_ANGULAR50, nScale is set to ( ( Log2( nTbW ) + Log2( nTbH ) − 2 ) >> 2 ).
Otherwise, the following is performed:
1. nTbS is set equal to predModeIntra > INTRA_ANGULAR50 ? refH − nTbH : refW − nTbW and nTbS0 equal to predModeIntra > INTRA_ANGULAR50 ? nTbH : nTbW
2. when nTbS==nTbS0, nScale is set equal to Min( 2, Log2( nTbS ) − Floor( Log2( 3 * invAngle − 2 ) ) + 8 ), 
3. otherwise (nTbS!=nTbS0),  the following is performed:
a. nScaleCb = Log2( nTbS) − Floor( Log2( 3 * invAngle − 2 ) ) + 8 
b. nScale =  Log2( nTbS0) − Floor( Log2( 3 * invAngle − 2 ) ) + 8
c. nScale = nScale < 0 ? min(0, nScaleCb) : min(2, nScaleCb);
wherein invAngle as specified in clause 8.4.5.2.12. If the value of nScale is less than 0, process 8.4.5.2.14 is terminated, and outputs of this process are set equal to the input predicted samples predSamples[ x ][ y ], with x = 0..nTbW − 1, y = 0..nTbH − 1.
Method 2
In this method it is suggested to modify derivation of nScale parameter in accordance with the modifications to the VVC specification draft [1] as follows:
The variable nScale is derived as follows:
· If predModeIntra is equal to INTRA_PLANAR, INTRA_DC, INTRA_ANGULAR18, or INTRA_ANGULAR50,  nScale is set equal to ( ( Log2( nTbW ) + Log2( nTbH ) − 2 ) >> 2 ).
· Otherwise, the following is performed:
· nTbS is set equal to predModeIntra > INTRA_ANGULAR50 ? refH − nTbH : refW − nTbW and nTbS0 equal to predModeIntra > INTRA_ANGULAR50 ? nTbH : nTbW
· if nTbS==nTbS0, nScale is set to Log2( nTbS0) − Floor( Log2( 3 * invAngle − 2 ) ) + 8
· Otherwise, if Log2( nTbS ) < Floor( Log2( 3 * invAngle − 2 ) ) + 8, nScale is set to – 1,
· Otherwise nScale is set to 0
using invAngle as specified in clause 8.4.5.2.12. If the value of nScale is less than 0, process 8.4.5.2.14 is terminated, and outputs of this process are set equal to the input predicted samples predSamples[ x ][ y ], with x = 0..nTbW − 1, y = 0..nTbH − 1.
 Method 3
To address the asymmetric filtering issue as described above, the following spec changes are proposed, with addition highlighted and deletion with strikethrough. The idea is to introduce a corner mode and derive the mode difference based on corner mode rather than the minimum mode difference to vertical or horizontal mode.  
The variable nTbS is set equal to ( Log2 ( nTbW ) + Log2 ( nTbH ) )  >>  1.
The variable cornerMode is derived according to Table 8-X, 
Table 8-X: cornerMode under different block aspect ratio
	Log2(nTbW/nTbH)+4
	0
	1
	2
	3
	4
	5
	6
	7
	8

	cornerMode
	48
	46
	44
	40
	34
	28
	24
	22
	20


The variable filterFlag is derived as follows:
· If one or more of the following conditions is true, filterFlag is set equal to 0:
· refFilterFlag is equal to 1
· refIdx is not equal to 0
· IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT
· Otherwise, the following applies:
· The variable minDistVerHor is set equal to Min( Abs( predModeIntra − 50 ), Abs( predModeIntra − 18 ) ) 
predModeIntra>cornerMode? Abs( predModeIntra − 50 ): Abs( predModeIntra − 18 ).
· The variable intraHorVerDistThres[ nTbS ] is specified in Table 25.
· The variable filterFlag is derived as follows:
· If minDistVerHor is greater than intraHorVerDistThres[ nTbS ], filterFlag is set equal to 1.
· Otherwise, filterFlag is set equal to 0.
Table 25 – Specification of intraHorVerDistThres[ nTbS ] for various transform block sizes nTbS
	
	nTbS = 2
	nTbS = 3
	nTbS = 4
	nTbS = 5
	nTbS = 6
	nTbS = 7

	intraHorVerDistThres[ nTbS ]
	24
	14
	2
	0
	0
	0



Experimental results
[bookmark: _GoBack]The tests were carried out in accordance with [2] on the basis of VTM-7.0. Results of the tests for methods 1, 2, and 3 are correspondingly shown in Table 1 to 3. In addition, a combined test (test 4) of method 1 and method 3 are performed. The obtained results for test 4 are presented in Table 4.
Table 1. Method 1 simulation results for AI, RA and LDB
	
	All Intra  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.14%
	0.11%
	100%
	100%

	Class A2
	0.00%
	0.00%
	-0.07%
	100%
	100%

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

	Class C
	0.00%
	0.08%
	-0.04%
	99%
	100%

	Class E
	-0.01%
	-0.09%
	0.15%
	100%
	100%

	Overall 
	0.00%
	-0.02%
	0.00%
	100%
	100%

	Class D
	0.00%
	-0.04%
	-0.09%
	100%
	101%

	Class F
	0.00%
	0.07%
	0.03%
	100%
	100%

	
	
	
	
	
	

	
	Random Access 

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.04%
	-0.02%
	100%
	100%

	Class A2
	-0.02%
	0.08%
	0.05%
	100%
	100%

	Class B
	-0.01%
	0.02%
	0.10%
	100%
	100%

	Class C
	0.01%
	-0.10%
	-0.01%
	100%
	100%

	Class E
	　
	
	　
	　
	　

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

	Class D
	0.00%
	-0.24%
	0.04%
	100%
	100%

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

	
	
	
	
	
	

	
	Low delay B  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.01%
	-0.22%
	0.05%
	100%
	99%

	Class C
	-0.01%
	-0.13%
	-0.34%
	100%
	99%

	Class E
	-0.12%
	0.57%
	-0.27%
	100%
	99%

	Overall
	-0.04%
	0.01%
	-0.16%
	100%
	99%

	Class D
	-0.04%
	0.25%
	-0.06%
	100%
	100%

	Class F
	-0.08%
	0.00%
	0.29%
	100%
	99%



Table 2. Method 2 simulation results for AI, RA and LDB
	
	All Intra  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.10%
	0.16%
	99%
	99%

	Class A2
	0.01%
	0.05%
	-0.06%
	99%
	99%

	Class B
	0.01%
	-0.09%
	-0.11%
	99%
	96%

	Class C
	0.00%
	0.04%
	0.06%
	99%
	97%

	Class E
	0.01%
	-0.02%
	0.01%
	99%
	96%

	Overall 
	0.00%
	-0.03%
	0.00%
	99%
	97%

	Class D
	0.00%
	-0.12%
	-0.05%
	100%
	97%

	Class F
	0.00%
	-0.06%
	0.03%
	99%
	97%

	
	
	
	
	
	

	
	Random Access 

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	0.00%
	0.01%
	99%
	99%

	Class A2
	-0.02%
	0.01%
	0.01%
	99%
	99%

	Class B
	0.01%
	-0.08%
	0.15%
	99%
	97%

	Class C
	-0.02%
	-0.13%
	0.07%
	100%
	99%

	Class E
	　
	
	　
	　
	　

	Overall
	0.00%
	-0.06%
	0.07%
	99%
	98%

	Class D
	0.00%
	-0.20%
	-0.08%
	100%
	100%

	Class F
	-0.07%
	-0.03%
	0.00%
	100%
	99%

	
	
	
	
	
	

	
	Low delay B  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

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

	Class C
	0.03%
	-0.30%
	-0.38%
	99%
	97%

	Class E
	-0.10%
	-0.32%
	0.24%
	99%
	97%

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

	Class D
	0.00%
	0.13%
	-0.37%
	99%
	98%

	Class F
	-0.05%
	-0.19%
	0.38%
	99%
	97%


Table 3. Method 3 simulation results for AI, RA and LDB
	
	All Intra  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.11%
	0.10%
	101%
	100%

	Class A2
	-0.01%
	-0.02%
	-0.08%
	101%
	99%

	Class B
	0.00%
	0.01%
	-0.07%
	100%
	100%

	Class C
	0.04%
	0.05%
	0.09%
	100%
	100%

	Class E
	0.00%
	-0.04%
	0.15%
	101%
	99%

	Overall 
	0.00%
	-0.01%
	0.03%
	101%
	100%

	Class D
	-0.01%
	0.06%
	0.04%
	100%
	99%

	Class F
	0.05%
	0.03%
	-0.01%
	99%
	100%

	
	
	
	
	
	

	
	Random Access 

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.07%
	0.00%
	101%
	99%

	Class A2
	-0.01%
	0.00%
	-0.02%
	100%
	99%

	Class B
	0.00%
	-0.03%
	0.13%
	101%
	100%

	Class C
	0.03%
	-0.08%
	-0.03%
	101%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.01%
	-0.04%
	0.03%
	101%
	100%

	Class D
	-0.01%
	-0.16%
	-0.14%
	100%
	100%

	Class F
	0.02%
	-0.01%
	0.03%
	100%
	100%

	
	
	
	
	
	

	
	Low delay B  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.02%
	-0.18%
	-0.36%
	98%
	96%

	Class C
	0.01%
	-0.41%
	-0.17%
	99%
	96%

	Class E
	-0.22%
	0.52%
	0.27%
	99%
	96%

	Overall
	-0.06%
	-0.08%
	-0.14%
	99%
	96%

	Class D
	0.05%
	-0.11%
	-0.37%
	100%
	99%

	Class F
	-0.02%
	-0.06%
	0.39%
	99%
	98%

	
	
	
	
	
	


Table 4. Test 4 simulation results for AI, RA and LDB
	
	All Intra  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.17%
	0.07%
	100%
	100%

	Class A2
	-0.01%
	0.02%
	-0.10%
	100%
	100%

	Class B
	0.00%
	-0.05%
	-0.09%
	100%
	100%

	Class C
	0.03%
	0.06%
	0.12%
	100%
	100%

	Class E
	0.00%
	0.00%
	0.16%
	100%
	100%

	Overall 
	0.00%
	-0.02%
	0.02%
	100%
	100%

	Class D
	0.01%
	-0.02%
	0.02%
	100%
	102%

	Class F
	0.05%
	0.11%
	0.09%
	100%
	100%

	
	
	
	
	
	

	
	Random Access 

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.04%
	-0.09%
	100%
	100%

	Class A2
	-0.01%
	-0.14%
	-0.03%
	100%
	100%

	Class B
	-0.02%
	0.01%
	0.12%
	100%
	100%

	Class C
	0.01%
	-0.10%
	-0.04%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.01%
	-0.06%
	0.01%
	100%
	100%

	Class D
	-0.03%
	-0.25%
	0.09%
	100%
	100%

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

	
	
	
	
	
	

	
	Low delay B  

	
	Over VTM7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	-0.02%
	-0.21%
	-0.22%
	100%
	100%

	Class C
	0.06%
	-0.53%
	-0.10%
	100%
	100%

	Class E
	-0.19%
	0.52%
	-0.69%
	100%
	100%

	Overall
	-0.04%
	-0.13%
	-0.30%
	100%
	100%

	Class D
	-0.03%
	0.04%
	-0.63%
	100%
	100%

	Class F
	0.02%
	-0.24%
	0.46%
	100%
	99%




Conclusion
It is proposed to adopt the modifications to the VVC 8.0 software and to the VVC specification draft 8.
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