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Abstract
This contribution attempts to optimize the affine DMVR algorithm of test EE2-2.3 that was initially proposed in JVET-AB0178, in terms of trade-off between coding efficiency increase and complexity. It brings several aspects on top of test 2.3b, which are:
· Distortion based early termination
· 6-parameters affine model early termination
· Affine DMVR usage according to CU size and shape
· Adaptation of affine DMVR merge candidate list construction
The proposed modification of top of test EE2-2.3 reportedly leads to the following BD-rates and runtimes relative to ECM-7.0 anchor.
The proposed method reportedly leads to the following BD-rate performances over ECM-7.0 anchors.
RA : XXX% / -XXX% / -XXX% (Y/Cb/Cr). Runtime : XXX% (Enc), XXX% (Dec)
Introduction
Affine DMVR is applied to affine merge coded blocks when DMVR condition is satisfied. 
The first stage of multi-stage DMVR is applied to the translation part of the affine motion such that a translation MV offset is added to all the CPMVs of the candidate in the affine merge list if the candidate meets the DMVR condition. The MV offset is derived by minimizing the cost of bilateral matching which is the same as conventional DMVR.
The first stage refinement process consists of 3x3 square search pattern used to loop through the search range which is set as [-3, 3] to find the best integer MV offset. Then, half-pel search is conducted around the best integer position and an error surface estimation is performed at last to find an optimal MV offset with 1/16 precision.
In JVET contribution JVET-AB0178, CPMV refinement for affine DMVR is proposed to further improve the two first stages, wherein a different MV offset may be applied to different control-point motion vectors. The method may be applied in merge candidates of affine merge mode and affine MMVD mode.
Given initial control-point motion vectors initCpMvLX[cpIdx] with cpIdx=0..numCpMv – 1, wherein the numCpMv is the number of CPMVs of the current affine coding block. The method consists in the following two steps:
1) [bookmark: _Ref123824950]Step 1: For each control-point, perform bilateral matching for a block that centered by the control-points to derive the refined CPMVs bmRefinedCpMvLx[cpIdx]. Loop over combinations of initCpMvLX[cpIdx] and bmRefinedCpMvLx[cpIdx], derive the best set of CPMVs that minimize the bilateral matching cost of the current block.
2) [bookmark: _Ref123824953]Step 2: Iteratively further refine the CPMVs to minimize the bilateral matching cost of the current block. In each iteration, one CPMV is refined while the others are fixed.
In practice, the test 2.3b gives -0.21% average bitrate reduction at equal visual quality, but at the cost of 130% encoding time over the ECM video encoder.
The goal of this invention is to improve the trade-off between compression efficiency increase and encoding time overhead of the CPMV refinement method proposed in JVET-AB0178.

Proposed complexity reduction
Distortion based early termination
The iterative CPMV refinement (step 2 above) is the most time-consuming step.
Early terminations based on the best PU distortion are applied:
· If initial distortion before step 2 of above process is lower than a threshold, then the iterative CPMVs refinement is bypassed. Then, if selected, the merge candidate will have been partially optimized. The early termination assumes the distortion is already low, and that the refinement won’t considerably outperform the current merge candidate Rate-Distortion trade-offs. The threshold can be either adaptive to the PU size, or fixed.
· If initial distortion before step 2 is higher than a threshold, the iterative CPMVs refinement is bypassed. Then, if selected, the merge candidate will have been partially optimized. The early termination assumes the distortion is quite high and that the merge candidate won’t be competitive enough. The threshold can be either adaptive to the PU size or fixed.
6-parameters affine model early termination
During the iterative CPMVs refinement (step 2 above), the CPMVs are sequentially refined to improve compression efficiency. The algorithm will then try to refine the first CPMV, then the second, and finally, in the case of a 6-parametes affine model the third CPMV. The refinements are processed exhaustively, i.e., all CPMVs are refined whatever the results of the preceding CPMV refinement.
In the case of a 6-parameters affine model, it’s possible to apply an early termination to reduce the run-time by bypassing the third CPMV refinement when the two first do not provide successful results. To bypass a CPMV refinement, different kinds of criteria can be used independently or combined.
Optimizing the affine DMVR usage per CU sizes and shapes
In the proposed method, the affine CPMV refinement is normatively deactivated if one of the following conditions is true.
· the width or height is higher than 128 when width and height are equals.
· the width or height is higher than 64 when width and height are different.
Otherwise, the affine CPMV refinement is activated.

Affine DMVR merge candidates’ list modifications
The affine DMVR merge candidates’ list has been modified to improve the relevance and diversity of the candidates.
First, only singleton merge candidates are added to the list. Consequently, before being added to the list, a potential candidate is compared to all existing candidates in the list. If it’s not a duplicate, it’s added to the list.
Second, the method has been enhanced to increase the merge candidate diversity by adding a restriction on the CPMVs distance between the potential candidate and all existing candidates. The threshold is adaptive to the PU surface.
By applying these modifications to the merge list, fewer candidates are evaluated (reducing the encoder runtime) and candidates with more disparity.


Experimental results 
The ECM software modified as proposed in this contribution has been run in JVET EE2 CTCs. The following Table 1 shows the results obtained with the proposed JVET-AC0276. It can be seen the proposed method leads to a slight reduction of the BD-rates (from -0.21% to XX%) while reducing the encoder and the decoder run-times up by 27%.

[bookmark: _Ref124154616]Table 1: performances obtained with proposed modifications of test 2.3b
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

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

	Class C
	-0,07%
	-0,13%
	-0,11%
	117%
	105%

	Class E
	 
	
	 
	 
	 

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

	Class D
	-0,04%
	-0,22%
	-0,10%
	111%
	103%

	Class F
	#DIV/0!
	#DIV/0!
	#DIV/0!
	#NUM!
	#NUM!

	Class TGM
	#DIV/0!
	#DIV/0!
	#DIV/0!
	#NUM!
	#NUM!



Following table reports the encoder and decoder run-times reduction.	
Table 2: RA Run-Times reduction summary
	
	Random Access Main 10 Run-time reduction

	
	Over EE2-Test 2.3b

	
	EncT
	DecT

	Class A1
	
	

	Class A2
	
	

	Class B
	26%
	16%

	Class C
	12%
	10%

	Class E
	 
	 

	Overall
	12%
	7%

	Class D
	14%
	10%

	Class F
	
	

	Class TGM
	
	




As a remainder, Test 2.3 b results are reported in following table.
 Table : Test results of Test 2.3.b
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.27%
	-0.22%
	-0.21%
	
	

	Class A2
	-0.37%
	-0.27%
	-0.22%
	
	

	Class B
	-0.16%
	-0.05%
	-0.17%
	143%
	126%

	Class C
	-0.11%
	-0.17%
	-0.12%
	129%
	115%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.21%
	-0.16%
	-0.17%
	130%
	114%

	Class D
	-0.07%
	-0.04%
	0.02%
	125%
	113%

	Class F
	
	
	
	
	



Conclusion
This contribution modifies the affine DMVR algorithm of EE2 test 2.3 that was initially proposed in JVET-AB0178. Following modifications are tested on top of EE2 test 2.3.
· Distortion based early termination
· 6-parameters affine model early termination
· Affine DMVR usage according to CU size and shape
· Adaptation of the affine DMVR merge candidate list construction
The proposed modification of top of test EE2-2.3 reportedly leads to the following BD-rates and runtimes relative to ECM-7.0 anchor.
The proposed method reportedly leads to the following BD-rate performances over ECM-7.0 anchors.
RA : XXX% / -XXX% / -XXX% (Y/Cb/Cr). Runtime : XXX% (Enc), XXX% (Dec)
Furthermore, the following Table 3 summarizes the different trade-offs between runtime and BD-rate that can be obtained over ECM-7.0 anchors, based on test 2.3. As can be seen, the CPMV refinement method proposed in this contribution looks competitive compared to test 2.3a and 2.3b. 
Therefore, it is suggested to study the proposed CPMVR DMVR refinement in next round of EE2.

[bookmark: _Ref124154632]Table : trade-offs respectively obtained with tests 2.3a, 2.3b and proposed method
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Test 2.3a
	-x.xx%
	-x.xx%
	-x.xx%
	1xx%
	1xx%

	Test 2.3b
	-0.21%
	-0.16%
	-0.17%
	130%
	114%

	Proposed method
	-x.xx%
	-x.xx%
	-x.xx%
	1xx%
	1xx%
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