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Abstract
In VVC draft 6, there are two padding methods for boundary treatment in adaptive loop filter (ALF), i.e. repetitive padding and mirrored padding. It is desirable to further simplify and unify the padding methods for ALF boundaries. In this contribution, different unification methods are tested.
Introduction
In VVC draft 6, there are two ways to handle unavailable pixels beyond boundaries for adaptive loop filter (ALF).
· Repetitive padding: for picture boundaries and 360 virtual boundaries that are not on CTU boundaries, pixels are padded towards outside of the boundaries. Then after padding, Laplacian calculation and filtering process are performed without changes.
· Mirrored padding: for the boundaries (virtual boundary for line buffer reduction, sub-picture boundaries and 360 virtual boundaries on CTU boundaries), the samples located beyond the line buffer boundary are excluded in ALF process, where Laplacian is re-scaled and truncated symmetrical filtering is applied.
[bookmark: _GoBack]In JVET-N0654, it was proposed to unify the padding methods, such that only one padding method is applied to all type of boundaries. In version 2, results are updated.
Proposed method
Three possible unification and simplification by reusing existed methods are applied:
1) apply mirrored padding to 360 virtual boundaries and picture boundaries
2) apply repetitive padding for all boundaries excluding virtual boundaries for ALF line buffer reduction
3) apply repetitive padding for all boundaries
Experimental results
Apply mirrored padding to picture boundaries
The experiment is performed in VTM-6.0 with common test conditions defined in JVET-N1010. ALF SIMD was turned off in the test. Running time for Class A1 and A2 are not reliable, since different clusters are used for anchor and test.

	
	All Intra Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.02%
	0.02%
	123%
	183%

	Class A2
	0.00%
	0.01%
	0.01%
	124%
	169%

	Class B
	0.00%
	0.00%
	-0.01%
	101%
	133%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	123%

	Class E
	0.00%
	0.01%
	0.01%
	100%
	138%

	Overall 
	0.00%
	0.01%
	0.01%
	108%
	144%

	Class D
	0.00%
	0.02%
	0.02%
	100%
	121%

	Class F
	0.00%
	0.01%
	0.00%
	102%
	132%

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	0.01%
	0.03%
	128%
	186%

	Class A2
	0.01%#VALUE!
	0.07%#VALUE!
	0.01%#VALUE!
	128%#NUM!
	178%#NUM!

	Class B
	-0.01%
	0.08%
	0.05%
	101%
	141%

	Class C
	0.00%
	0.06%
	0.00%
	100%
	133%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.01%#VALUE!
	0.06%#VALUE!
	0.03%#VALUE!
	110%#NUM!
	154%#NUM!

	Class D
	-0.02%
	0.09%
	0.03%
	98%
	126%

	Class F
	-0.03%
	0.01%
	0.02%
	101%
	126%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.01%#VALUE!
	-0.06%#VALUE!
	-0.41%#VALUE!
	100%#NUM!
	146%#NUM!

	Class C
	-0.03%
	0.03%
	-0.03%
	101%
	138%

	Class E
	0.00%
	0.63%
	0.12%
	100%
	132%

	Overall
	-0.01%#VALUE!
	0.14%#VALUE!
	-0.15%#VALUE!
	100%#NUM!
	140%#NUM!

	Class D
	-0.01%
	-0.07%
	0.49%
	101%
	133%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!


Performance when disabling loop filters across slice and tile boundaries
The experiment is performed on top of VTM-6.0 with common test conditions defined in JVET-N1010. ALF SIMD is turned off in the test and additional slice configuration is set as below for both anchor and the test.

SliceMode                : 3 
SliceArgument            : 1 

TileUniformSpacing                  : 0                # 0: the column boundaries are indicated by TileColumnWidth array, the row boundaries are indicated by TileRowHeight array
                                                       # 1: the column and row boundaries are distributed uniformly
NumTileColumnsMinus1                : 1                # Number of tile columns in a picture minus 1
TileColumnWidthArray                : 2                # Array containing tile column width values in units of CTU (from left to right in picture)   
NumTileRowsMinus1                   : 1                # Number of tile rows in a picture minus 1
TileRowHeightArray                  : 1                # Array containing tile row height values in units of CTU (from top to bottom in picture) 
RectSliceFlag                       : 1 
NumRectSlicesInPicMinus1            : 3  
RectSlicesBoundaryArray             : 0 0 1 1 2 2 3 3

Test: VTM-6.0 + https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM/merge_requests/920
It uses the same configuration as the anchor with the disabling loop filtering across slice and tile boundaries.
LFCrossSliceBoundaryFlag            : 0
LFCrossTileBoundaryFlag             : 0

	
	All Intra Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.03%
	0.08%
	0.08%
	101%
	143%

	Class A2
	0.04%
	0.04%
	0.04%
	101%
	137%

	Class B
	0.03%
	0.07%
	0.07%
	101%
	135%

	Class C
	0.05%
	0.08%
	0.11%
	100%
	124%

	Class E
	0.05%
	0.13%
	0.14%
	100%
	143%

	Overall 
	0.04%
	0.08%
	0.09%
	101%
	135%

	Class D
	0.06%
	0.17%
	0.23%
	100%
	120%

	Class F
	0.03%
	0.07%
	0.08%
	101%
	126%

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.09%
	0.03%
	101%
	148%

	Class A2
	0.05%
	0.07%
	0.09%
	101%
	143%

	Class B
	0.04%
	0.01%
	0.17%
	100%
	137%

	Class C
	0.07%
	0.14%
	0.05%
	100%
	131%

	Class E
	 
	
	 
	 
	 

	Overall
	0.04%
	0.07%
	0.10%
	100%
	138%

	Class D
	0.05%
	0.03%
	0.06%
	100%
	124%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

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

	Class C
	0.02%
	0.01%
	0.09%
	101%
	136%

	Class E
	0.00%
	0.21%
	0.05%
	102%
	134%

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

	Class D
	0.00%
	0.27%
	-0.01%
	101%
	131%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



Apply repetitive padding to all boundaries except virtual boundaries for ALF line buffer reduction
The experiment is performed on top of VTM-6.0 with common test conditions defined in JVET-N1010. ALF SIMD is turned off for anchor. Additional slice configuration is set as below for the anchor and the test, which is the same as for the test in the section 3.2.

SliceMode                : 3 
SliceArgument            : 1 

TileUniformSpacing                  : 0                # 0: the column boundaries are indicated by TileColumnWidth array, the row boundaries are indicated by TileRowHeight array
                                                       # 1: the column and row boundaries are distributed uniformly
NumTileColumnsMinus1                : 1                # Number of tile columns in a picture minus 1
TileColumnWidthArray                : 2                # Array containing tile column width values in units of CTU (from left to right in picture)   
NumTileRowsMinus1                   : 1                # Number of tile rows in a picture minus 1
TileRowHeightArray                  : 1                # Array containing tile row height values in units of CTU (from top to bottom in picture)
                                                       
RectSliceFlag                       : 1                                                      
NumRectSlicesInPicMinus1            : 3  
RectSlicesBoundaryArray             : 0 0 1 1 2 2 3 3

LFCrossSliceBoundaryFlag            : 0
LFCrossTileBoundaryFlag             : 0


Anchor: VTM-6.0 + https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM/merge_requests/920 + ALF_SIMD off
Test: VTM-6.0 + https://vcgit.hhi.fraunhofer.de/jvet/VVCSoftware_VTM/merge_requests/920 + applying repetitive padding to all boundaries except virtual boundaries for ALF line buffer reduction

	
	All Intra Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%#VALUE!
	0.05%#VALUE!
	0.05%#VALUE!
	100%#NUM!
	69%#NUM!

	Class A2
	0.02%#VALUE!
	0.02%#VALUE!
	0.02%#VALUE!
	100%#NUM!
	73%#NUM!

	Class B
	0.02%
	0.03%
	0.04%
	100%
	76%

	Class C
	0.02%
	0.07%
	0.09%
	101%
	81%

	Class E
	0.04%
	0.04%
	0.03%
	101%
	71%

	Overall 
	0.02%#VALUE!
	0.04%#VALUE!
	0.05%#VALUE!
	100%#NUM!
	75%#NUM!

	Class D
	0.04%
	0.09%
	0.12%
	101%
	88%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%#VALUE!
	-0.04%#VALUE!
	0.07%#VALUE!
	99%#NUM!
	67%#NUM!

	Class A2
	0.00%#VALUE!
	-0.03%#VALUE!
	0.04%#VALUE!
	99%#NUM!
	70%#NUM!

	Class B
	0.01%
	0.04%
	0.00%
	100%
	73%

	Class C
	-0.01%
	-0.02%
	-0.06%
	100%
	77%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%#VALUE!
	-0.01%#VALUE!
	0.01%#VALUE!
	100%#NUM!
	72%#NUM!

	Class D
	0.02%
	0.14%
	0.05%
	99%
	78%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.04%#VALUE!
	0.15%#VALUE!
	0.18%#VALUE!
	99%#DIV/0!
	71%#DIV/0!

	Class C
	0.05%#VALUE!
	0.22%#VALUE!
	0.21%#VALUE!
	99%#NUM!
	73%#NUM!

	Class E
	0.07%
	-0.16%
	-0.03%
	99%
	75%

	Overall
	0.05%#VALUE!
	0.10%#VALUE!
	0.14%#VALUE!
	99%#DIV/0!
	73%#DIV/0!

	Class D
	-0.01%
	-0.48%
	0.37%
	100%
	78%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!
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