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Abstract
[bookmark: _Hlk11726824]This contribution proposes an applicable condition of alternative interpolation filter for half-pel position. In the current design, the alternative interpolation filter is determined by the specific index (hpelIfIdx) and motion vector reference position. In merge mode, hpelIfIx of a current block is inherited from existing-coded blocks along with motion vector while the motion-vector reference position locates at half-pel accuracy position if hpelIfIdx is valid. The motion vector reference position, however, may shift from half-pel accuracy position if pairwise average merge mode, MMVD, or DMVR are used. This mismatch causes three problems as follows: 1) The filter applied to the current blocks will become different from that of the inherited block.  2) The mismatch of accuracy will drift to following coded blocks which inherit the hpelIfIdx and motion vector from that of the current block. 3) A bi-predicted inter block consist of blocks filtered by different characteristic’s interpolation. In this contribution, it is proposed to modify the value of hpelIfIdx if motion vector reference position is deviated from hpel position by pair-wise average merge, MMVD or DMVR. Simulation results show a overall luma BD-rate 0.02%/-0.01% for RA/LDB and no increase in running time comparing VTM-6.0.
[bookmark: _Ref3358237]Introduction and Problem statement
Alternative interpolation filter for half-pel (hpel) position [1] was adopted to VVC WD6 [2] and VTM6 [3] to improve coding performance in the previous meeting. In the current design, the alternative interpolation filter is determined by the specific index (hpelIfIdx) shown in Table 1. 
[bookmark: _Ref20173626]Table 1 Specification of the luma interpolation filter coefficients fL[ p ] for each 1/16 fractional sample position p. Alternative filter is applied if hpelIfIdx equals to 1.
	Fractional sample position p
	interpolation filter coefficients

	
	fL[ p ][ 0 ]
	fL[ p ][ 1 ]
	fL[ p ][ 2 ]
	fL[ p ][ 3 ]
	fL[ p ][ 4 ]
	fL[ p ][ 5 ]
	fL[ p ][ 6 ]
	fL[ p ][ 7 ]

	1
	0
	1
	−3
	63
	4
	−2
	1
	0

	2
	−1
	2
	−5
	62
	8
	−3
	1
	0

	3
	−1
	3
	−8
	60
	13
	−4
	1
	0

	4
	−1
	4
	−10
	58
	17
	−5
	1
	0

	5
	−1
	4
	−11
	52
	26
	−8
	3
	−1

	6
	−1
	3
	−9
	47
	31
	−10
	4
	−1

	7
	−1
	4
	−11
	45
	34
	−10
	4
	−1

	8 (hpelIfIdx = = 0)
	−1
	4
	−11
	40
	40
	−11
	4
	−1

	8 (hpelIfIdx = = 1)
	0
	3
	9
	20
	20
	9
	3
	0

	9
	−1
	4
	−10
	34
	45
	−11
	4
	−1

	10
	−1
	4
	−10
	31
	47
	−9
	3
	−1

	11
	−1
	3
	−8
	26
	52
	−11
	4
	−1

	12
	0
	1
	−5
	17
	58
	−10
	4
	−1

	13
	0
	1
	−4
	13
	60
	−8
	3
	−1

	14
	0
	1
	−3
	8
	62
	−5
	2
	−1

	15
	0
	1
	−2
	4
	63
	−3
	1
	0


In merge mode, hpelIfIx of a current block is inherited from that of existing-coded blocks along with motion vector, while the motion vector reference position locates at half-pel accuracy position when hpelIfIdx is valid. The motion-vector reference position, however, may shift from half-pel accuracy position if pairwise average merge, MMVD, or DMVR are used. Figure 2 shows an example that motion-vector reference position shifts from half-pel accuracy position by pair-wise average merge mode. In pair-wise average merge mode, new motion vectors and hpelIfIdx are derived from the combination of the motion vectors in a merge list. Therefore, a new motion vector reference position shift to quarter-pel accuracy positions like Figure 1. It is noted that the both hpelIfIdx of existing-coded blocks are 1 while one block refers to integer position and the other block refers to half-pel position.
[image: ]
[bookmark: _Ref20175196]Figure 1 An example that motion vector reference position shifts from half-pel position by pair-wise average merge mode. 
When MMVD or DMVR is used, same situation is occurred because MMVD and DMVR refines the motion vector reference position.
This mismatch causes three problems as follows: 1) The filter applied to the current block will become different from that of the inherited block. 2) The mismatch will drift to following-coded blocks which inherit the hpelIfIdx and motion vector from that of the current block. 3) A bi-predicted inter block consists of blocks filtered by different characteristic’s interpolation.
Proposed Method
The proposed method is to modify the value of hpelIfIdx according to the motion vector reference position when pair-wise average merge mode, MMVD, or DMVR are used. When a motion vector reference position shifts from half-pel position to quarter-pel or 1/16-pel position by pair-wise average merge, MMVD or DMVR, the hpelfIdx is modified from 1 to 0 It is noted that the hpelIfIdx inheritance for following blocks is the same as the motion vector inheritance in DMVR to avoid the dependency between blocks.
Experimental Results
The proposed method is implemented on top of the VTM6, and the simulations are run under the common test conditions [4].
Results under the common test conditions
Computing platforms
The software was compiled by the same compiler which is GCC 4.8.5 on 64-bit CentOS Linux on the different cluster PCs. Since the same coding condition utilizes the same cluster PCs, running time can be comparable within the same condition. It is noted that we disabled the function of Hyperthreading and TurboBoost for getting accurate running times.
Test results
Table 2 and Table 3 show the results of the proposal in RA and LDB condition comparing VTM-6.0.
[bookmark: _Ref12313407]Table 2 The simulation results of the prposed method in RA10 condition.
	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.01%
	-0.03%
	100%
	100%

	Class A2
	0.03%
	0.08%
	0.03%
	100%
	100%

	Class B
	0.02%
	0.09%
	0.01%
	100%
	100%

	Class C
	0.00%
	0.04%
	-0.07%
	101%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	0.06%
	-0.01%
	100%
	100%

	Class D
	-0.05%
	-0.01%
	0.21%
	100%
	100%

	Class F
	[bookmark: _GoBack]-0.01%
	0.03%
	-0.01%
	100%
	101%


[bookmark: _Ref20178190]Table 3 The simulation results of the prposed method in LDB10 condition.
	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.01%
	0.00%
	-0.18%
	100%
	100%

	Class C
	-0.03%
	-0.08%
	-0.01%
	100%
	101%

	Class E
	-0.02%
	0.20%
	0.15%
	100%
	101%

	Overall
	-0.01%
	0.02%
	-0.04%
	100%
	101%

	Class D
	-0.02%
	-0.14%
	0.43%
	100%
	101%

	Class F
	0.01%
	0.23%
	0.02%
	100%
	101%


Conclusion
[bookmark: _Hlk20300660]This contribution proposed the cleanup of applicable condition of alternative interpolation filter for half-pel position in merge mode. In merge mode, the alternative filter is applied when hpelIfIx is valid and the motion vector reference position locates half-pel position, while the motion vector reference position may shift from half-pel accuracy position if pairwise average merge mode, MMVD or DMVR are used. This mismatch causes three problem: 1) The different filters is applied between the current block and merge-inherited blocks.  2) The mismatch drifts to following blocks. 3) A bi-predicted inter block consists of blocks filtered by different characteristic’s interpolation. The proposed method is to modify the value of hpelIfIdx according to the motion vector reference position when pair-wise average merge mode, MMVD, DMVR are used. The simulation results show no coding loss and no increase in running time against VTM-6.0; therefore, the adopt of proposed cleanup into VVC is recommend.
Acknowledgment
We would like to thank XXX for doing crosschecking of our proposal.
References
1. [bookmark: _Ref12311241][bookmark: _Ref3358655][bookmark: _Ref3614891][bookmark: _Ref525283239][bookmark: _Ref512330555][bookmark: _Ref516670157]A. Hankel et al., “CE4: Switchable interpolation filter”, JVET-O0057, Gothenburg, SE, July 2019.
[1] [bookmark: _Ref12311279]B. Bross, J. Chen and S. Liu, “Versatile Video Coding (Draft 6)”, JVET-O2001, Gothenburg, SE, July 2019.
[2] [bookmark: _Ref12311286]J. Chen, Y. Ye and S. Kim, “Algorithm description for Versatile Video Coding and Test Model 6 (VTM 6)”, JVET-O2002, Gothenburg, SE, July 2019.
[3] [bookmark: _Ref12311325][bookmark: _Ref535024878]F. Bossen, J. Boyce, X. Li, V. Seregin and K. Suehring, “JVET common test conditions and software reference configurations for SDR video”, JVET-N1010, Geneva, CH, March 2019.
Patent rights declaration(s)
KDDI Corporation may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
Spec Text
Yellow highlight bellow indicates the areas that need to be modified.
Pair-wise average merge mode
	[bookmark: _Ref300150884][bookmark: _Ref522366431]8.5.2.5 Derivation process for pairwise average merging candidate
…
· The half sample interpolation filter index hpelIfIdxavgCand is derived as follows:
· If hpelIfIdxp0Cand is equal to hpelIfIdxp1Cand, hpelIfIdxavgCand is set equal to hpelIfIdxp0Cand.
· If mvLXavgCand[ 0 ] or mvLXavgCand[ 1 ] are not half-sample position, hpelIfIdxavgCand is set equal to 0.
· Otherwise, hpelIfIdxavgCand is set equal to 0.


MMVD
	[bookmark: _Ref271908485][bookmark: _Ref279147148]8.5.2.2 Derivation process for luma motion vectors for merge mode
…
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 half sample interpolation filter index hpelIfIdx as output is set equal to 0, if hpelIfIdx as input is 1 and the merge motion vectors mvLX for X being 0 and 1 are not half-sample position.


DMVR
	[bookmark: _Toc15254007]8.5.1 General decoding process for coding units coded in inter prediction mode
…
· If dmvrFlag is equal to 1, the following applies:
· For X being 0 and 1, the reference picture consisting of an ordered two-dimensional array refPicLXL of luma samples and two ordered two-dimensional arrays refPicLXCb and refPicLXCr of chroma samples is derived by invoking the process specified in clause 8.5.6.2 with X and refIdxLX as inputs.
· The number of luma coding subblocks in horizontal direction numSbX and in vertical direction numSbY, the subblock width sbWidth and the subblock height sbHeight are derived as follows:
numSbX = ( cbWidth > 16 )  ?  ( cbWidth >> 4 ) : 1	(8‑279)
numSbY = ( cbHeight > 16 )  ?  ( cbHeight >> 4 ) : 1	(8‑280)
sbWidth = ( cbWidth > 16 )  ?  16 : cbWidth	(8‑281)
sbHeight = ( cbHeight > 16 )  ?  16 : cbHeight	(8‑282)
· For xSbIdx = 0..numSbX − 1 and ySbIdx = 0..numSbY − 1, the following applies:
· The luma motion vectors mvLX[ xSbIdx ][ ySbIdx ] and the prediction list utilization flags predFlagLX[ xSbIdx ][ ySbIdx ] with X equal to 0 and 1, and the luma location ( xSb[xSbIdx][ySbIdx], ySb[xSbIdx][ySbIdx] ) specifying the top-left sample of the coding subblock relative to the top‑left luma sample of the current picture are derived as follows:
mvLX[ xSbIdx ][ ySbIdx ] = mvLX[ 0 ][ 0 ]	(8‑283)
predFlagLX[ xSbIdx ][ ySbIdx ] = predFlagLX[ 0 ][ 0 ]	(8‑284)
xSb[ xSbIdx ][ ySbIdx ] =  xCb + xSbIdx * sbWidth	(8‑285)
ySb[ xSbIdx ][ ySbIdx ] =  yCb + ySbIdx * sbHeight	(8‑286)
· The decoder side motion vector refimenent process specified in clause  8.5.3.1 is invoked with xSb[ xSbIdx ][ ySbIdx ], ySb[ xSbIdx ][ ySbIdx ], sbWidth, sbHeight, the motion vectors mvLX[ xSbIdx ][ ySbIdx ] and the reference picture array refPicLXL and the half sample interpolation filter index hpelIfIdx as inputs and delta motion vectors dMvLX[ xSbIdx ][ ySbIdx ] with X equal to 0 and 1, and the mimimum sum of absolute difference in decoder side motion vector refimenent process dmvrSAD the half sample interpolation filter index hpelIfIdx as outputs.
· When ChromaArrayType is not equal to 0, the derivation process for chroma motion vectors in clause 8.5.2.13 is invoked with mvLX[ xSbIdx ][ ySbIdx ] and refIdxLX as inputs, and mvCLX[ xSbIdx ][ ySbIdx ] as outputs with X equal to 0 and 1.
· Otherwise (dmvrFlag is equal to 0), the following applies:
· When ChromaArrayType is not equal to 0, and treeType is equal to SINGLE_TREE, and predFlagLX[ 0 ][0 ], with X being 0 or 1, is equal to 1, the derivation process for chroma motion vectors in clause 8.5.2.13 is invoked with mvLX[ 0 ][ 0 ] and refIdxLX as inputs, and mvCLX[ 0 ][ 0 ] as output.
· The number of luma coding subblocks in horizontal direction numSbX and in vertical direction numSbY are both set equal to 1.

	[bookmark: _Ref534991549][bookmark: _Toc15254009]8.5.3 Decoder side motion vector refinement process
[bookmark: _Ref535437702]8.5.3.1 General
Inputs to this process are:
· a luma location ( xSb, ySb ) specifying the top-left sample of the current coding subblock relative to the top‑left luma sample of the current picture,
· a variable sbWidth specifying the width of the current coding subblock in luma samples,
· a variable sbHeight specifying the height of the current coding subblock in luma samples,
· the luma motion vectors in 1/16 fractional-sample accuracy mvL0 and mvL1,
· the selected luma reference picture sample arrays refPicL0L and refPicL1L,
· [bookmark: _Hlk20577108]the half sample interpolation filter index hpelIfIdx.
Outputs of this process are:
· delta luma motion vectors dMvL0 and dMvL1,
· a variable dmvrSAD specifying the mimimum sum of absolute differences,
· the half sample interpolation filter index hpelIfIdx.
The variable subPelFlag is set equal to 0, the variable srRange is set equal to 2 and the integer sample offset ( intOffX, intOffY ) is set equal to ( 0, 0 ).
Both components of the delta luma motion vectors dMvL0 and dMvL1 are set equal to zero and modified as follows:
· For each X being 0 or 1, the ( sbWidth + 2 * srRange ) x ( sbHeight + 2 * srRange ) array predSamplesLXL of prediction luma sample values is derived by invoking the fractional sample bilinear interpolation process specified in 8.5.3.2.1 with the luma location ( xSb, ySb ), the prediction block width set equal to ( sbWidth + 2 * srRange ), the prediction block height set equal to ( sbHeight + 2 * srRange ), the reference picture sample array refPicLXL, the motion vector mvLX and the refinement search range srRange as inputs.
· The variable minSad is derived by invoking the sum of absolute differences calculation process specified in clause 8.5.3.3 with the width sbW and height sbH of the current coding subblock set equal to sbWidth and sbHeight, the prediction sample arrays pL0 and pL1 set equal to predSamplesL0L and predSamplesL1L, and the offset ( dX, dY ) set equal to ( 0, 0 ) as inputs, and minSad as output.
· The variable dmvrSAD is set equal to minSad.
· When minSad is greater than or equal to sbHeight * sbWidth, the following applies:
· The 2-D array sadArray[ dX + 2 ][ dY + 2 ] with dX = −2..2 and dY = −2..2 is derived by invoking the sum of absolute differences calculation process specified in clause 8.5.3.3 with the width sbW and height sbH of the current coding subblock set equal to sbWidth and sbHeight, the prediction sample arrays pL0 and pL1 set equal to predSamplesL0L and predSamplesL1L, and the offset ( dX, dY ) as inputs, and sadArray[ dX + 2 ][ d Y + 2 ] as output.
· The integer sample offset ( intOffX, intOffY ) is modified by invoking the array entry selection process specified in clause 8.5.3.4 with the 2-D array sadArray[ dX + 2 ][ dY + 2 ] with dX = −2..2 and dY = −2..2, the best integer sample offset ( intOffX, intOffY ), and minSad as input, the modified best integer sample offset ( intOffX, intOffY ) and dmvrSad as outputs.
· When intOffX is not equal to −2 or 2, and intOffY is not equal to −2 or 2, subPelFlag is set equal to 1.
· The delta luma motion vector dMvL0 is modified as follows:
dMvL0[ 0 ] += 16 * intOffX		(8‑445)
dMvL0[ 1 ] += 16 * intOffY		(8‑446)
· When subPelFlag is equal to 1, the parametric motion vector refinement process specified in clause 8.5.3.5 is invoked with the 3x3 2-D array sadArray[ dX + 2 ][ dY + 2 ] with dX = intOffX − 1, intOffX, intOffX + 1 and dY = intOffY − 1, intOffY, intOffY + 1, and the delta motion vector dMvL0 as inputs and the modified dMvL0 as output.
· The delta motion vector dMvL1 is derived as follows:
dMvL1[ 0 ] = −dMvL0[ 0 ]		(8‑447)
dMvL1[ 1 ] = −dMvL0[ 1 ]		(8‑448)
· [bookmark: _Hlk20577127]The half sample interpolation filter index hpelIfIdx as output is set equal to 0, if hpelIfIdx as input is 1 and delta luma motion vectors dMvL0 or dMvL1 are not half-sample position.
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