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Abstract
This contribution provides a summary report of Core Experiment 11 on deblocking filtering. Two categories of proposals are covered by this CE, split into two sub-tests. These sub-tests are 1) long-tap deblocking filters, and 2) deblocking at 4x4 block boundaries.
The corresponding compression performance of each coding tool evaluated in CE11 is summarized in this contribution. In addition, analysis of complexity of the proposals and cross-checking results are also provided. 
The software basis for this CE was VTM-4.0. Configurations and test conditions in JVET-M1010 [1] for SDR sequences are used. Results for additional configuration with ALF turned off are also reported. For the subjective viewing, additional encodes with different QPs have been generated. 
Test conditions and evaluation criteria
The proposals should be encoded according to two test conditions, which correspond to two anchors.
Anchor-1 is VTM-4.0 according to the CTC [1]. 
Anchor-2 is VTM-4.0 with ALF switched off (other conditions are the same as in Anchor 2). 
Tests specification
	Test#
	Description
	Document#

	11-1.1
	Very strong deblocking filtering with conditional activation signalling
	JVET-N0595

	11-2.1
	Deblocking for 4xN, Nx4 and 8xN and Nx8 block boundaries not aligned with 8x8 grids
	JVET-N0098

	11-2.2
	Disable deblocking filter for 4xN for vertical edge and Nx4 for Horizontal edge on 4x4 grid
	JVET-N0463

	11-2.3
	Disabling of sub-pu deblocking
	JVET-N0181



CE 11-1: long-tap deblocking filter
A proposal in this sub-CE investigates longer deblocking filters. It studies the effect of signaling the decisions for choosing strong deblocking filtering. 

	Test
	Proponent(s)
	Cross-checker(s)

	CE11-1.1
	Christian Helmrich
christian.helmrich@hhi.fraunhofer.de
JVET-N0595
	Kenneth Andersson
kenneth.r.andersson@ericsson.com





Complexity of technologies in CE11-1
Scope of proposals in CE11-1
	 Tests
	Luma modified (Y/N)
	Chroma modified (Y/N)

	CE11-1.1
	Y
	Y



Luma deblocking complexity (CE11-1)
	 Tests
 
	Samples from block bound. modified
	Samples from block bound. deblocking decision
	Max num. oper for filtering per line (add/mult/compar/shift)
	Max number of oper. for decision for 8-sample boundary (add/mult/compar/shift)
	Max number of operations including filtering and decision (Per *Sample*)
(add/mult/compar/shift)
	Num. line buffers
	Worst case complexity increased (Y/N)

	VTM4.0
	7+7, 7+5, 5+7, 5+5, 7+3, 3+7, 5+3, 3+5
	8+8, 8+6, 6+8, 6+6, 8+4, 4+8, 6+4, 4+6
	120 (46,24,28,22)
	21 (43,0,24,15)/412 (26/0/10/12)/4 in addition to VTM 
	
	4
	N

	CE11-1.1
	VTM (Inter), 3+3...16+16 (Intra)
	VTM
	Intra slice: 288 (96/96/64/32), (3/3/2/1)*(16+16), Inter
slice: VTM
	VTM
	
	VTM
	Intra slice: Y
Inter slice: N


* Numbers obtained with taking into account certain possible optimizations 
Chroma deblocking complexity (CE11-1)

	 Tests
 
	Samples from block boundary modified
	Samples from block boundary for deblocking decision
	Max number of operations for filtering per line (add/mult/compar/shift)
	Max number of oper. for decision for 8-sample boundary (add/mult/compar/shift)
	Max number of operations including filtering and decision (Per *Sample*)
(add/mult/compar/shift)
	Number of line buffers
	Worst case complexity increased (Y/N)

	VTM4.0
	3+3
	4+4
	64 (36,2,12,14)
	17 (17, 0, 12, 5)/2 per line
	
	2
	Y

	CE11-1.1
	VTM (Inter), 1+1...8+8 (Intra)
	VTM
	Intra slice: 144 (48/48/32/16)(3/3/2/1)*(8+8), Inter slice: VTM
	VTM
	
	VTM
	Intra slice: Y
Inter slice: N



Parallel processing capabilities (CE11-1)

	 Tests
	Smallest unit size needed to perform proposed deblocking operations separately from any other units

	VTM4.0
	32x32

	CE11-1.1
	VTM




Objective results of technologies in CE 11-1
VTM 4.0 CTC (ALF on)
	 
Test
	AI
	RA

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-1.1
	0.04%
	0.12%
	0.16%
	100%
	99%
	0.01%
	-0.01%
	-0.02%
	101%
	99%



	 
Test
	LD-B
	LD-P

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-1.1
	-0.02%
	0.06%
	0.06%
	101%
	100%
	-0.04%
	-0.13%
	-0.09%
	101%
	100%


VTM 4.0 ALF off
	 
Test
	AI
	RA

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-1.1
	0.04%
	0.11%
	0.14%
	99%
	100%
	0.01%
	-0.01%
	0.05%
	100%
	101%



	 
Test
	LD-B
	LD-P

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-1.1
	-0.02%
	-0.15%
	-0.12%
	100
	101%
	0.01%
	-0.03%
	-0.16%
	100%
	101%



Cross-checks for CE11-1
	Test
	Cross-checker
	PSNR&BR Match (Y/N)
	RunT matched?
(Y/N)
	SW studied?
(Y/N)
	Significant inconsistencies between description and SW? (Y/N)
	Studied visual quality? (Y/N)
	Visual quality observations
	Other comments

	CE11-1.1
	K. AnderssonK. Andersson
	Y
	Y
	Y
	N
	Y
	Did not see any difference compared to VTM on a brief check.
	Only ALF on verified. Applies both proposed deblocking and VTM deblocking on CU boundaries.
Internal boundaries of large ISP blocks are deblocked.



Other comments from cross-checkers


Description of technologies in CE11-1
CE11-1.1 Very strong deblocking filtering with conditional activation signaling JVET-N0595

In JVET-L0523, it was proposed to introduce a signaled activation flag, controlled by the encoder, to selectively disable strong deblocking on a CTU-by-CTU basis.  To minimize the signaling overhead required for this flag, a conditional transmission of the activation flag is employed on a CTU-wise level based on the partitioning and residual coding information already present in the bit-stream.  In other words, the activation flag is not signaled in each CTU but only in selected ones.  As a result, Bjøntegaard delta (BD) rate increase caused by said flag (a 1-bit element) is less than 0.04 % on average.  In CTUs for which no flag is transmitted, strong deblocking is always disabled, and the deblocking resorts to the conventional weaker filtering as known from HEVC.
In JVET-L0523, the authors proposed the selective signaling of an in-loop filter control parameter (FCP) only in CTUs which are partitioned into fewer than A = 9 coding units (CUs) and in which residual coefficient coding, as indicated by a non-zero coded block flag (CBF), is employed in at least B = 1 of its transform units (TUs).
In JVET-M0092, the abovementioned A+B condition for signaling of the FCPs was extended to cover slightly more CTUs while keeping the signaling rate at roughly the same level of less than about 0.05% of the mean bit-rate.  Specifically, the FCP is now written to, and read from, the bit-stream (1) for all CTUs partitioned into fewer than A = 10 CUs and at least B = 1 coded TUs or, if no TU is coded with a non-zero CBF, (2) for CTUs partitioned into c CUs with 3 < c < A.

This test proposes to selectively apply very strong deblocking (16 samples on each side of a boundary in luma, 8 samples on each side in chroma) instead of the VTM-4 deblocking on a TU-wise basis in specific CTUs, with the possibility of disabling the very strong deblocking per CTU. When the very strong deblocking processing is disabled or not allowed in a given CTU, the conventional VTM-4 deblocking is used instead.
The following is proposed to be tested: selective signaling of an in-loop filter control parameter (FCP) per CTU to allow the application of very strong deblocking filtering; this FCP shall only be signaled in a CTU if that CTU is partitioned into fewer than A sub-units (TUs) and if residual coefficient coding is used in at least B of the TUs.
Details including the encoder decision are provided in JVET-L0523 and JVET-M0092.
For this round of CE11, the following algorithmic changes have been made:
- The conditional very strong deblocking is only supported in Intra slices. In non-Intra slices, the VTM-4 deblocking is used without modifications.
- An overall TU-wise offset, derived from the very strong deblocking parameters, is applied during the processing step to maximize the subjective quality. The calculation of the very strong deblocking parameters has not changed.
- Due to the adoption of Intra sub-partitioning (ISP) in VTM 4.0 and the TU-wise operation of the very strong deblocking algorithm, the Intra-slice luma-channel 64xN an Nx64 ISP TUs are, when very strong deblocking is enabled in the given CTU, being deblocked by the very strong deblocking. This, however, occurs very rarely.

CE 11-2: Deblocking at 4x4 block boundaries
The proposals in this CE study application of deblocking filtering to the 4x4 boundaries. Common feature of proposals studied in this CE is filtering on the block boundaries coinciding with the 4x4 sample grid and making sure it does not introduce dependency of deblocking for an edge on a parallel edge preceding in a filtering order. Test CE11-2.2 investigates whether filtering any edges adjacent to the blocks of size 4 can be avoided.     

	Test
	Proponent(s)
	Cross-checker(s)

	CE11-2.1
	Kenneth Andersson kenneth.r.andersson@ericsson.com  
Anand Meher Kotra Anand.meher.kotra@huawei.com
Chia-Ming Tsai
chia-ming.tsai@mediatek.com
JVET-N0098
	Hyeongmun Jang
hm.jang@lge.com


	CE11-2.2

	Hyeongmun Jang
hm.jang@lge.com
JVET-N0098
	Kenneth Andersson kenneth.r.andersson@ericsson.com  

	CE11-2.3

	Anand Meher Kotra
Anand.meher.kotra@huawei.com
JVET-N0181
	Kenneth Andersson  kenneth.r.andersson@ericsson.com  




Complexity of technologies in CE11-2
Luma deblocking complexity (CE11-2)

	 Tests
 
	Samples from block bound. Modified
	Samples from block bound. for deblocking decision
	Max num. oper for filtering per line (add/mult/compar/shift)
	Max number of oper. for decision per line (add/mult/compar/shift)
	
Max number of operations including filtering and decision (per *sample*)
(add/mult/compar/shift)
	Num. line buffers
	Worst case complexity increased (Y/N)


	CE11-2.1
	All 4x4: 1+1
	All 4x4: 3+3
	All 4x4: 14 (6/2/5/1)
	VTM (all 4x4 : 1.25 (11/0/5/4) /4 )
	All 4x4: 4.75 (2.1875/0.5/1.5625/0.5)
	4
	N

	CE11-2.2
	All 4x4: 0
4xN : 3+3
Other: VTM
	All 4x4 : 0
4xN : 3+3
Other: VTM
	All 4x4 : 0
4xN : 14(6/2/5/1)VTM
Other: VTM
	All 4x4 : 0
4xN : VTM
Other: VTM
	All 4x4 : 0
4xN : VTM
Other : VTM
	4
	N

	CE11-2.3
	Same as VTM
	Same as VTM
	Same as VTM
	Same as VTM
	Same as VTM
	4
	N



Chroma deblocking complexity (CE11-2)

	 Tests
 
	Samples from block bound. modified
	Samples from block bound. for deblocking decision
	Max num. oper for filtering per line (add/mult/compar/shift)
	Max number of oper. for decision for 8-sample boundary (add/mult/compar/shift)
	Max number of operations including filtering and decision (per *sample*)
(add/mult/compar/shift)
	Num. line buffers
	Worst case complexity increased (Y/N)


	CE11-2.1
	VTM
	VTM
	VTM
	VTM
	VTM
	VTM
	N

	CE11-2.2
	VTM
	VTM
	VTM
	VTM
	VTM
	VTM
	N

	CE11-2.3
	VTM
	VTM
	VTM
	VTM
	VTM
	VTM
	N




Parallel processing (CE11-2)

	 Tests
	Smallest unit size needed to perform proposed deblocking operations separately from any other units

	CE11-2.1
	VTM

	CE11-2.2
	VTM

	CE11-2.3
	VTM



Objective results of technologies in CE11-2
VTM4.0 CTC (ALF on)

	 
Test
	AI
	RA

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-2.1
	0.05%
	0.00%
	0.00%
	90%
	102%
	0.03%
	-0.06%
	-0.06%
	102%
	102%

	CE11-2.2
	-0.05%
	0.22%
	0.14%
	99%
	98%
	-0.02%
	0.28%
	0.19%
	100%
	98%

	CE11-2.3
	0.00%
	0.00%
	0.00%
	100%
	100%
	0.04%
	-0.05%
	0.00%
	100%
	98%



	 
Test
	LD-B
	LD-P

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-2.1
	-0.05%
	0.04%
	0.17%
	95%
	102%
	-0.15%
	-0.26%
	-0.20%
	99%
	101%

	CE11-2.2
	-0.04%
	-0.06%
	-0.39%
	100%
	99%
	0.00%
	-0.26%
	-0.39%
	99%
	98%

	CE11-2.3
	0.10%
	0.08%
	-0.21%
	100%
	97%
	0.06%
	-0.05%
	-0.04%
	100%
	98%



VTM 4.0 CTC (ALF off)
	 
Test
	AI
	RA

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-2.1
	-0.03%
	0.00%
	0.00%
	100%
	102%
	-0.12%
	-0.08%
	-0.06%
	100%
	101%

	CE11-2.2
	-0.01%
	-0.27%
	-0.47%
	100%
	98%
	0.00%
	0.60%
	0.47%
	100%
	99%

	CE11-2.3
	0.00%
	0.00%
	0.00%
	100%
	100%
	0.06% 
	 -0.01%
	0.00% 
	 100%
	100% 



	 
Test
	LD-B
	LD-P

	
	Y
	U
	V
	EncT (%)
	DecT (%)
	Y
	U
	V
	EncT (%)
	DecT (%)

	CE11-2.1
	-0.08%
	-0.02%
	-0.01%
	100%
	103%
	-0.53%
	-0.24%
	-0.18%
	100%
	102%

	CE11-2.2
	-0.01%
	-0.17%
	-0.31%
	100%
	99%
	0.02%
	-0.17%
	-0.31%
	100%
	99%

	CE11-2.3
	0.08% 
	 -0.11%
	-0.13% 
	100% 
	100% 
	0.13% 
	 -0.04%
	 -0.05%
	 100%
	100% 




Cross-checks of tests in CE11-2

	Test
	Cross-checker
	PSNR&BR Match 
(Y/N)
	RunT matched? 
(Y/N)
	SW studied? 
(Y/N)
	Significant inconsistencies between description and SW? (Y/N)
	Studied visual quality?
(Y/N)
	Other comments

	CE11-2.1
	H. Jang
	Y
	Y
	Y
	N
	No improvement is observed under 
ALF-on and ALF-off on a brief check
	Additional operation for judging to use strong/weak filter based on the block size compared to VTM

	CE11-2.2
	K. AnderssonK. Andersson
	Y
	Y
	Y
	N
	No improvement over VTM on a brief check
	Only ALF on verified. Deblocks a luma boundary on 4x4 grid if current block is larger than 4 but not if it is equal to 4. 

	CE11-2.3
	K. AnderssonK. Andersson
	Y
	Y
	Y
	N
	Looks worse than VTM on a brief check
	Only ALF on verified.



Other comments from cross-checkers

Description of technologies in CE11-2
CE11-2.1 Deblocking for 4xN, Nx4 and 8xN and Nx8 block boundaries not aligned with 8x8 grids JVET-N0098
In current VVC software large rectangular blocks of size Nx8 and Nx4 are not deblocked where N can be up to 64. 
1. This test applies deblocking on 4x4 grid to allow for deblocking of Nx4 blocks aligned with the current 8x8 grid but also for Nx8 blocks that not are aligned with the current grid. The number of samples to read and modify is limited to allow for parallel friendly processing. If at least one side of the block boundary has a length orthogonal to the block boundary equal to 4 only use the weak filter. Furthermore, only one sample is filtered on each side of the block boundary in this case. 
2. The test also changes2. 
Sub-block edges of sub-block transform (SBT) and Intra sub-partition tool (ISP) which align with 4x4 sample grid are also deblocked.
 3. 
tThe MV difference threshold used in deblocking decisions is changed from 1 integer sample to a quarter of integer sample..  
CE11-2.2 Disable deblocking filter for 4xN for vertical edge and Nx4 for Horizontal edge on 4x4 grid JVET-N0463
Deblocking filter can be processed in parallel because it is not applied to 4x4 TU and PU boundaries. Within this test, the performance of the parallel deblocking method described in JVET-D0044 is to be studied in terms of subjective quality and computational complexity. 
For the luma component, deblocking filtering process is not applied on block boundary of 4xN block for vertical edge and Nx4 block for horizontal edge 
For the chroma component, deblocking filtering process is not applied on block boundary of 2xN block for vertical edge and Nx2 block for horizontal edge.
CE11-2.3 Disabling of Sub-Pu deblocking
This test would try to evaluate if sub-pu deblocking brings visual quality improvement. Currently in VTM-4.0, the sub-pu edges are only deblocked if the coding unit edge which uses sub-pu tool like Affine, ATMVP aligns with the 8 x 8 sample grid. Therefore the current test would evaluate if disabling the sub-pu deblocking completely would result in any visual quality degradation. 

Subjective test material
The following test sequences and conditions will be used in the subjective tests. The sequence length is 10 seconds. This means that the versions of some sequences encoded for the subjective test are longer than those used in the CTC [1]. 
The subjective test sequences have been uploaded to the JVET ftp folder /ce/JVET-M1031_Deblocking), coding configuration with ALF switched off was used.

Sequences for long-tap deblocking filters (CE11-1)
The following sequences and QP are used for subjective evaluation in CE11-1:

	Num
	Name
	Resolution
	fps
	Frames
	Mode
	QP

	01
	FoodMarket
	3840x2160p
	60fps
	600
	RA
	39, 34

	02
	Campfire
	3840x2160p
	30fps
	300
	RA
	39, 34

	03
	Kimono
	1920x1080p
	24fps
	240
	LDB
	34, 39

	04
	KristenAndSara
	1280x720p
	60fps
	600
	LDP
	34, 39

	05
	Red Kayak*
	1920x1080p
	30fps
	300
	RA
	34, 39


* First 300 frames of the RedKayak sequence are used. 

Sequences for 4x4 filtering (CE11-2)
The following sequences and QP will be used for subjective evaluation in CE11-2.

	Num
	Name
	Resolution
	fps
	Frames
	Mode
	QP

	01
	Redkayak
	1920x1080p
	30fps
	300
	RA
	34, 39

	02
	Cactus
	1920x1080p
	50fps
	500
	LDB
	34, 39

	03
	FourPeople
	1280x720p
	60fps
	600
	LDP
	34, 39

	04
	KristenAndSara
	1280x720p
	60fps
	600
	LDP
	34, 39


* First 300 frames of the RedKayak sequence are used. 

Anchors with ALF on and ALF off have been provided.
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