	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11
16th Meeting: Geneva, CH, 1–11 October 2019
	Document: JVET-P0490-v2



	Title:
	Non-CE4: Cleanup of half-pel switchable interpolation filter

	Status:
	Input document to JVET

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Hongbin Liu, Na Zhang, Li Zhang, 
Kai Zhang, Zhipin Deng, Jizheng Xu

Zijinshumayuan 4th building F9, 18 Zhongguancun Nansijie, Haidian District, 100190
Beijing, China

	
Tel:
Email:
	+86 13911971613
liuhongbin.01@bytedance.com
lizhang.idm@bytedance.com

	Source:
	Bytedance Inc.


_____________________________
Abstract
Indication of usage of the half-pel switchable interpolation filter is signalled in AMVP mode and inherited in regular merge mode and MMVD mode. However, the indication may be true even if the CU only has MV components with finer precision than half-pel, which is asserted to be logically incorrect. This contribution proposes to set the indication to false in such cases. Simulation results reportedly show that the proposed method has negligible impact on the coding performance.
Introduction
In VVC [1], indication of whether the half-pel switchable interpolation filter is used or not is signalled in AMVP mode. If such indication (denoted as altHalfPelFlag) is true, half-pel precision MVD is signalled and the half-pel switchable interpolation filter is employed. The indication is inherited in regular merge mode and MMVD mode. However, altHalfPelFlag may be true even if the CU only has MV components with finer precision than half-pel in the following three cases:
1. MMVD mode.
2. Pairwise merge candidates.
3. Bi-predicted 4×8/8×4 CU which will be converted to uni-predicted CU.
Proposed method
To tackle the abovementioned problem, this contribution proposes to set altHalfPelFlag equal to false if the following condition is satisfied:
· The CU only has MV components with finer precision than half-pel.
Such condition may be checked for some or all of the above three cases.
1. Test #1: such condition is checked for MMVD mode, pairwise merge candidates and bi-predicted 4×8/8×4 CU.
2. Test #2: such condition is only checked for MMVD mode, and altHalfPelFlag is always set equal to false for pairwise merge candidates and bi-predicted 4×8/8×4 CU.
3. Test #3: altHalfPelFlag is always set equal to false for MMVD mode, pairwise merge candidates and bi-predicted 4×8/8×4 CU.
Experimental results
The proposed method is implemented on top of the reference software VTM-6.0 [2], and simulations were performed following the common test conditions [3]. The results are shown in Table 1, Table 2 and Table 3. It can be seen that Test #1 and Test #2 has negligible impact on the coding performance and Test #3 has small coding loss.
[bookmark: _Ref19203810][bookmark: _GoBack]Table 1: Coding performance of Test #1.
	
	RA
	LDB

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.01%
	0.00%
	98%
	98%
	
	
	
	
	

	Class A2
	0.00%
	0.01%
	0.02%
	99%
	99%
	
	
	
	
	

	Class B
	-0.02%
	0.06%
	-0.04%
	100%
	98%
	-0.02%
	-0.08%
	-0.16%
	99%
	99%

	Class C
	-0.02%
	0.04%
	0.01%
	99%
	96%
	-0.02%
	0.15%
	-0.10%
	100%
	96%

	Class E
	 
	
	 
	 
	 
	-0.01%
	-0.18%
	0.37%
	100%
	98%

	Overall
	-0.01%
	0.03%
	-0.01%
	99%
	97%
	-0.01%
	-0.03%
	-0.01%
	100%
	98%

	Class D
	0.00%
	0.05%
	0.05%
	100%
	98%
	0.00%
	0.01%
	0.17%
	98%
	91%

	Class F
	0.00%
	-0.01%
	0.00%
	99%
	97%
	-0.02%
	-0.02%
	0.04%
	99%
	97%


[bookmark: _Ref3368098][bookmark: _Ref3368091]Table 2: Coding performance of Test #2.
	
	RA
	LDB

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.06%
	-0.04%
	98%
	98%
	
	
	
	
	

	Class A2
	0.01%
	0.11%
	0.07%
	99%
	99%
	
	
	
	
	

	Class B
	-0.01%
	0.17%
	0.03%
	99%
	97%
	0.02%
	0.07%
	-0.16%
	99%
	99%

	Class C
	0.00%
	0.07%
	0.06%
	99%
	96%
	-0.03%
	0.10%
	-0.15%
	99%
	96%

	Class E
	 
	
	 
	 
	 
	-0.01%
	-0.40%
	0.30%
	100%
	100%

	Overall
	0.00%
	0.11%
	0.03%
	99%
	97%
	-0.01%
	-0.04%
	-0.04%
	99%
	98%

	Class D
	-0.01%
	0.01%
	-0.03%
	99%
	96%
	0.01%
	0.10%
	0.27%
	98%
	91%

	Class F
	0.00%
	0.01%
	0.00%
	99%
	97%
	0.11%
	0.19%
	0.91%
	100%
	98%


[bookmark: _Ref20074743]Table 3: Coding performance of Test #3.
	
	RA
	LDB

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.05%
	0.09%
	0.15%
	101%
	102%
	
	
	
	
	

	Class A2
	0.04%
	0.20%
	0.17%
	102%
	102%
	
	
	
	
	

	Class B
	0.09%
	0.20%
	0.15%
	101%
	100%
	0.02%
	0.05%
	0.03%
	101%
	102%

	Class C
	0.03%
	0.08%
	0.07%
	101%
	101%
	0.02%
	0.08%
	0.06%
	101%
	100%

	Class E
	 
	
	 
	 
	 
	0.07%
	0.28%
	0.67%
	101%
	100%

	Overall
	0.05%
	0.15%
	0.13%
	101%
	101%
	0.03%
	0.12%
	0.20%
	101%
	101%

	Class D
	0.00%
	0.09%
	0.20%
	103%
	104%
	0.01%
	0.16%
	0.24%
	98%
	94%

	Class F
	0.01%
	0.03%
	0.01%
	101%
	99%
	-0.01%
	0.03%
	0.26%
	101%
	101%



Conclusions
This contribution proposes to disable the usage of the half-pel switchable interpolation filter if the CU only has MV components with finer precision than half-pel. It is recommended to adopt proposed methods into VVC.

Spec change
The spec change is on top of JVET-O2001-vE. The newly added parts are highlighted in yellow and the deleted parts are highlighted in yellow strikethrough.
Spec change of Test #1
8.5.2.1	General
Inputs to this process are:
· a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
Outputs of this process are:
· the luma motion vectors in 1/16 fractional-sample accuracy mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ],
· the reference indices refIdxL0 and refIdxL1,
…
When all of the following conditions are true, refIdxL1 is set equal to −1, predFlagL1 is set equal to 0, and bcwIdx is set equal to 0, and the variable hpelIfIdx is set equal to 0 if ( mvL0[ 0 ][ 0 ][ 0 ] % 8 ) && ( mvL0[ 0 ][ 0 ][ 1 ] % 8 ) is equal to 1:
· predFlagL0[ 0 ][ 0 ] is equal to 1.
· predFlagL1[ 0 ][ 0 ] is equal to 1.
· The value of ( cbWidth + cbHeight ) is equal to 12.
The updating process for the history-based motion vector predictor list as specified in clause 8.5.2.16 is invoked with luma motion vectors mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ], reference indices refIdxL0 and refIdxL1, prediction list utilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ], and bi-prediction weight index bcwIdx.
8.5.2.2	Derivation process for luma motion vectors for merge mode
This process is only invoked when general_merge_flag[ xCb ][ yCb ] is equal to 1, where ( xCb, yCb ) specify the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture.
Inputs to this process are:
· a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
Outputs of this process are:
· the luma motion vectors in 1/16 fractional-sample accuracy mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ],
· the reference indices refIdxL0 and refIdxL1,
…
11. When mmvd_merge_flag[ xCb ][ yCb ] is equal to 1, the following applies:
· The derivation process for merge motion vector difference as specified in 8.5.2.7 is invoked with the luma location ( xCb, yCb ), the reference indices refIdxL0, refIdxL1 and the prediction list utilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ] as inputs, and the motion vector differences mMvdL0 and mMvdL1 as outputs.
· The motion vector difference mMvdLX is added to the merge motion vectors mvLX for X being 0 and 1 as follows:
mvLX[ 0 ][ 0 ][ 0 ] += mMvdLX[ 0 ]		(8‑315)
mvLX[ 0 ][ 0 ][ 1 ] += mMvdLX[ 1 ]		(8‑316)
[bookmark: _Hlk20220743]mvLX[ 0 ][ 0 ][ 0 ] = Clip3( −217, 217 − 1, mvLX[ 0 ][ 0 ][ 0 ] )	(8‑317)
mvLX[ 0 ][ 0 ] [ 1 ] = Clip3( −217, 217 − 1, mvLX[ 0 ][ 0 ][ 1 ] ) 	(8‑318)
· [bookmark: _Hlk20221085]The variable hpelIfIdx is set equal to 0 if all of the following conditions are false:
· refIdxL0 is not equal to −1 and ( mvL0[ 0 ][ 0 ][ 0 ] % 8 ) && ( mvL0[ 0 ][ 0 ][ 1 ] % 8 ) is equal to 0.
· refIdxL1 is not equal to −1 and ( mvL1[ 0 ][ 0 ][ 0 ] % 8 ) && ( mvL1[ 0 ][ 0 ][ 1 ] % 8 ) is equal to 0.

8.5.2.4	Derivation process for pairwise average merging candidate
Inputs to this process are:
· a merging candidate list mergeCandList,
· the reference indices refIdxL0N and refIdxL1N of every candidate N in mergeCandList,
· the prediction list utilization flags predFlagL0N and predFlagL1N of every candidate N in mergeCandList,
· the motion vectors in 1/16 fractional-sample accuracy mvL0N and mvL1N of every candidate N in mergeCandList,
· the half sample interpolation filter index hpelIfIdxN of every candidate N in mergeCandList,
· the number of elements numCurrMergeCand within mergeCandList.
Outputs of this process are:
· the merging candidate list mergeCandList,
· the number of elements numCurrMergeCand within mergeCandList,
…
· The half sample interpolation filter index hpelIfIdxavgCand is derived as follows:
· If hpelIfIdxp0Cand is equal to hpelIfIdxp1Cand, hpelIfIdxavgCand is set equal to hpelIfIdxp0Cand.
· Otherwise, hpelIfIdxavgCand is set equal to 0.
· The variable hpelIfIdx is set equal to 0 if all of the following conditions are false:
· refIdxL0 is not equal to −1 and ( mvL0[ 0 ][ 0 ][ 0 ] % 8 ) && ( mvL0[ 0 ][ 0 ][ 1 ] % 8 ) is equal to 0.
· refIdxL1 is not equal to −1 and ( mvL1[ 0 ][ 0 ][ 0 ] % 8 ) && ( mvL1[ 0 ][ 0 ][ 1 ] % 8 ) is equal to 0.

Spec change of Test #2
[bookmark: _Ref522363521][bookmark: _Ref271908485][bookmark: _Ref279147148]8.5.2.1	General
Inputs to this process are:
· a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
Outputs of this process are:
· the luma motion vectors in 1/16 fractional-sample accuracy mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ],
· the reference indices refIdxL0 and refIdxL1,
…
When all of the following conditions are true, refIdxL1 is set equal to −1, predFlagL1 is set equal to 0, and bcwIdx is set equal to 0, and hpelIfIdx is set equal to 0:
· predFlagL0[ 0 ][ 0 ] is equal to 1.
· predFlagL1[ 0 ][ 0 ] is equal to 1.
· The value of ( cbWidth + cbHeight ) is equal to 12.
The updating process for the history-based motion vector predictor list as specified in clause 8.5.2.16 is invoked with luma motion vectors mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ], reference indices refIdxL0 and refIdxL1, prediction list utilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ], and bi-prediction weight index bcwIdx.
8.5.2.2	Derivation process for luma motion vectors for merge mode
This process is only invoked when general_merge_flag[ xCb ][ yCb ] is equal to 1, where ( xCb, yCb ) specify the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture.
Inputs to this process are:
· a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
Outputs of this process are:
· the luma motion vectors in 1/16 fractional-sample accuracy mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ],
· the reference indices refIdxL0 and refIdxL1,
…
11. When mmvd_merge_flag[ xCb ][ yCb ] is equal to 1, the following applies:
· The derivation process for merge motion vector difference as specified in 8.5.2.7 is invoked with the luma location ( xCb, yCb ), the reference indices refIdxL0, refIdxL1 and the prediction list utilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ] as inputs, and the motion vector differences mMvdL0 and mMvdL1 as outputs.
· The motion vector difference mMvdLX is added to the merge motion vectors mvLX for X being 0 and 1 as follows:
mvLX[ 0 ][ 0 ][ 0 ] += mMvdLX[ 0 ]		(8‑315)
mvLX[ 0 ][ 0 ][ 1 ] += mMvdLX[ 1 ]		(8‑316)
mvLX[ 0 ][ 0 ][ 0 ] = Clip3( −217, 217 − 1, mvLX[ 0 ][ 0 ][ 0 ] )	(8‑317)
mvLX[ 0 ][ 0 ] [ 1 ] = Clip3( −217, 217 − 1, mvLX[ 0 ][ 0 ][ 1 ] ) 	(8‑318)
· The variable hpelIfIdx is set equal to 0 if all of the following conditions are false:
· refIdxL0 is not equal to −1 and ( mvL0[ 0 ][ 0 ][ 0 ] % 8 ) && ( mvL0[ 0 ][ 0 ][ 1 ] % 8 ) is equal to 0.
· refIdxL1 is not equal to −1 and ( mvL1[ 0 ][ 0 ][ 0 ] % 8 ) && ( mvL1[ 0 ][ 0 ][ 1 ] % 8 ) is equal to 0.

[bookmark: _Ref300150884][bookmark: _Ref522366431]8.5.2.4	Derivation process for pairwise average merging candidate
Inputs to this process are:
· a merging candidate list mergeCandList,
· the reference indices refIdxL0N and refIdxL1N of every candidate N in mergeCandList,
· the prediction list utilization flags predFlagL0N and predFlagL1N of every candidate N in mergeCandList,
· the motion vectors in 1/16 fractional-sample accuracy mvL0N and mvL1N of every candidate N in mergeCandList,
· the half sample interpolation filter index hpelIfIdxN of every candidate N in mergeCandList,
· the number of elements numCurrMergeCand within mergeCandList.
Outputs of this process are:
· the merging candidate list mergeCandList,
· the number of elements numCurrMergeCand within mergeCandList,
…
· The half sample interpolation filter index hpelIfIdxavgCand is set equal to 0. derived as follows:
· If hpelIfIdxp0Cand is equal to hpelIfIdxp1Cand, hpelIfIdxavgCand is set equal to hpelIfIdxp0Cand.
· Otherwise, hpelIfIdxavgCand is set equal to 0.
Spec change of Test #3
8.5.2.1	General
Inputs to this process are:
· a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
Outputs of this process are:
· the luma motion vectors in 1/16 fractional-sample accuracy mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ],
· the reference indices refIdxL0 and refIdxL1,
…
When all of the following conditions are true, refIdxL1 is set equal to −1, predFlagL1 is set equal to 0, and bcwIdx is set equal to 0, and hpelIfIdx is set equal to 0:
· predFlagL0[ 0 ][ 0 ] is equal to 1.
· predFlagL1[ 0 ][ 0 ] is equal to 1.
· The value of ( cbWidth + cbHeight ) is equal to 12.
The updating process for the history-based motion vector predictor list as specified in clause 8.5.2.16 is invoked with luma motion vectors mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ], reference indices refIdxL0 and refIdxL1, prediction list utilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ], and bi-prediction weight index bcwIdx.
8.5.2.2	Derivation process for luma motion vectors for merge mode
This process is only invoked when general_merge_flag[ xCb ][ yCb ] is equal to 1, where ( xCb, yCb ) specify the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture.
Inputs to this process are:
· a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
Outputs of this process are:
· the luma motion vectors in 1/16 fractional-sample accuracy mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ],
· the reference indices refIdxL0 and refIdxL1,
…
11. When mmvd_merge_flag[ xCb ][ yCb ] is equal to 1, the following applies:
· The derivation process for merge motion vector difference as specified in 8.5.2.7 is invoked with the luma location ( xCb, yCb ), the reference indices refIdxL0, refIdxL1 and the prediction list utilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ] as inputs, and the motion vector differences mMvdL0 and mMvdL1 as outputs.
· The motion vector difference mMvdLX is added to the merge motion vectors mvLX for X being 0 and 1 as follows:
mvLX[ 0 ][ 0 ][ 0 ] += mMvdLX[ 0 ]		(8‑315)
mvLX[ 0 ][ 0 ][ 1 ] += mMvdLX[ 1 ]		(8‑316)
mvLX[ 0 ][ 0 ][ 0 ] = Clip3( −217, 217 − 1, mvLX[ 0 ][ 0 ][ 0 ] )	(8‑317)
mvLX[ 0 ][ 0 ] [ 1 ] = Clip3( −217, 217 − 1, mvLX[ 0 ][ 0 ][ 1 ] ) 	(8‑318)
· The variable hpelIfIdx is set equal to 0.

8.5.2.4	Derivation process for pairwise average merging candidate
Inputs to this process are:
· a merging candidate list mergeCandList,
· the reference indices refIdxL0N and refIdxL1N of every candidate N in mergeCandList,
· the prediction list utilization flags predFlagL0N and predFlagL1N of every candidate N in mergeCandList,
· the motion vectors in 1/16 fractional-sample accuracy mvL0N and mvL1N of every candidate N in mergeCandList,
· the half sample interpolation filter index hpelIfIdxN of every candidate N in mergeCandList,
· the number of elements numCurrMergeCand within mergeCandList.
Outputs of this process are:
· the merging candidate list mergeCandList,
· the number of elements numCurrMergeCand within mergeCandList,
…
· The half sample interpolation filter index hpelIfIdxavgCand is set equal to 0. derived as follows:
· If hpelIfIdxp0Cand is equal to hpelIfIdxp1Cand, hpelIfIdxavgCand is set equal to hpelIfIdxp0Cand.
· Otherwise, hpelIfIdxavgCand is set equal to 0.
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