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Abstract
This contribution reports the experiment results of tests in EE2-2.1. These tests evaluate the performance of the affine DMVR extension, CPMV search, CPMV refinement and , affine parameter refinement,  several simplification aspects are also included: distortion-based early termination for affine DMVR and Affine DMVR usage adaptation according to CU size and shape.
On top of ECM-8.0, the reported simulation results (BDR Y/Cb/Cr, encoder time, decoder time) are as below:
· Test 2.1	a:   
· RA: -xxx0.03%	/ xxx0.00% / -xxx0.05%, xxx99%, xxx100% 
· Test 2.1b:   
· RA: -xxx-0.05% / xxx0.00% / xxx-0.04%, xxx99%, xxx100%
· Test 2.1c:
· RA: -0.07% / -0.02% / -0.06%, 101%, 100%
· Test 2.1d:
· RA: -0.08% / -0.05% / -0.08%, 102%, 103%
· Test 2.1e:
· RA: -xxx0.05% / -xxx0.07% / -xxx0.02%, xxx100%, xxx101%
· Test 2.1f
· RA: -0.07% / -0.04% / -0.05%, 100%, 101%
· Test 2.1g:
· RA: -xxx% / -xxx % / -xxx%, xxx%, xxx%
· Test 2.1i
· RA: -xxx% / -xxx% / -xxx%, xxx%, xxx%
· Test 2.1j:
· RA: -0.10% / -0.07% / -0.06%, 102%, 103%
· Test 2.1k:
· RA: -0.13% / -0.12% / -0.07%, 103%, 105%-xxx% / -xxx% / -xxx%, xxx%, xxx%
· Test 2.1l
· RA: -xxx0.11% / -xxx0.13% / -xxx0.10%, xxx101%, xxx102%
· Test 2.1l without simplifications:
· RA: -xxx% / -xxx% / -xxx%, xxx%, xxx%
· Test 2.1m:
· RA: -xxx% / -xxx% / -xxx%, xxx%, xxx%
· Test 2.1n:
· RA: -xxx% / -xxx% / -xxx%, xxx%, xxx%
· Test 2.1n without simplification:
· RA: -xxx% / -xxx% / -xxx%, xxx%, xxx%

Introduction
In [1], affine DMVR is applied to affine merge coded blocks when DMVR condition is satisfied. The refinement is applied to the translational part of the affine motion such that a translational 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. A 3x3 square search pattern is used to loop through the search range set as [-3, 3] to find the best integer MV offset. Then, half-pel search is conducted around the best integer position. An error surface estimation is performed at last to find an optimal MV offset with 1/16 precision.
In ECM-8.0, the bilateral matching integer search for affine DMVR is sub-block based. In this way, when searching for the best Mv offset that is applied to all the sub-blocks, the best Mv for each individual sub-block can also be decided at the same time. Based on the best motion vector of each sub-block, a linear regression [2] process can be applied to derive a different set of refined CPMVs. The bilateral matching costs of the refined CPMVs with the best MV offset and regression derived CPMVs are compared to determine the final output.
In JVET contribution JVET-AB0178, affine DMVR extension, CPMV search and CPMV refinement for affine DMVR is proposed to further improve the performance.
Affine DMVR extension further extends affine DMVR to be applied to affine MMVD mode and adaptive BM merge mode. For affine MMVD mode, the MMVD offset is added to the affine DMVR refined affine merge base candidate if the base candidate meets the affine DMVR refinement condition. For adaptive BM merge mode, an affine merge list that only contains affine merge candidates that meet the affine DMVR conditions are constructed and then refined.
For CPMV search, 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 proposed method can be described as following:
For each control-point, perform bilateral matching for a block that centered by the control-points coordinates to derive the refined CPMVs bmRefinedCpMvLx[cpIdx] as illustrated in Figure 1. 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.
For CPMV refinement, an iterative search process is applied to further refine the CPMVs to minimize the bilateral matching cost of the current block. In each iteration, only one CPMV is refined while the others are fixed.
In JVET contribution JVET-AB0145, the non-translation parameters of affine model are refined, wherein each of CPMVs is fixed as base MV in turn, and an offset is added to the non-translation parameter of affine model by minimizing the bilateral matching cost, and then the other two CPMVs are calculated according to based MV and refined non-translation parameters. To reduce the complexity, different number of search rounds and search directions are set for different stages with cost based early termination.
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[bookmark: _Ref116652205]Fig. 1 Illustration of independent bilateral matching search for CPMVs [3]

In JVET-0276, several simplification methods are proposed.
· Distortion based early termination
The CPMV refinement with iterative search is the most time-consuming step.
Early termination based on the best PU distortion are applied. If initial distortion before CPMV refinement 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.
Also, the CPMV search and refinement can be skipped if the CU distortion is low, saving encoder and decoder run-times.
· Adaptation of the affine DMVR according to 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 equal.
· the width or height is higher than 64 when width and height are different.
Otherwise, the affine CPMV search and refinement is activated.
The affine DMVR function has also been optimized to reduce its complexity. Then the affine DMVR algorithm and the affine CPMV search and refinement are normatively deactivated accordingly to the CU sizes and shapes. 
In JVET-AC meeting, it’s decided to study the methods in JVET-0145, JVET-AB0178, JVET-AC0276 and their combinations in EE2. 
Test description
In this section, what is being tested in each test are described.
In test 2.1a, CPMV search with simplification is tested.
In test 2.1b, CPMV refinement with simplification is tested.
In test 2.1c, affine DMVR extension is tested. Affine DMVR extension includes applying affine DMVR and affine regression to affine MMVD mode and adaptive BM merge mode.
In test 2.1d, affine parameter refinement is tested.
In test 2.1e, affine parameter refinement with simplification is tested.
In test 2.1f, a combination test of 2.1a and 2.1b is performed.
In test 2.1g, a combination test of 2.1a and 2.1c with simplification is performed, wherein the affine DMVR adaptation according to CU sizes and shapes is applied to the extensions as well. 
In test 2.1i, a combination test of 2.1a, 2.1b and 2.1c with simplification is jointly tested.
In test 2.1j, a combination test of 2.1a and 2.1d is tested.
In test 2.1k, a combination test of 2.1a, 2.1b and 2.1d is tested.
In test 2.1l, a combination test of 2.1e and 2.1c with simplification is tested.
In test 2.1l without simplification, a combination test of 2.1e and 2.1c is tested.
In test 2.1n, a combination test of 2.1a, 2.1e and 2.1c with simplification is tested.
In test 2.1n without simplification, a combination test of 2.1a without simplification, 2.1e and 2.1c is tested.

Experimental results 
This section reports the simulation results of the proposed tests in affine DMVR, according to EE2 description [5] and common test conditions [6].
Test 2.1 a
The following table shows the results obtained with test 2.1a. The proposed method brings -0.03% with no encoder or decoder run times increase.

Table 1: Test 2.1a BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,07%#VALUE!
	0,01%#VALUE!
	-0,11%#VALUE!
	100%#NUM!
	101%#NUM!

	Class A2
	-0,04%#VALUE!
	-0,08%#VALUE!
	0,00%#VALUE!
	100%#NUM!
	100%#NUM!

	Class B
	-0,04%
	0,05%
	-0,04%
	100%
	100%

	Class C
	0,00%
	-0,01%
	-0,05%
	96%
	98%

	Overall
	-0,03%#VALUE!
	0,00%#VALUE!
	-0,05%#VALUE!
	99%#NUM!
	100%#NUM!

	Class D
	0,01%
	0,15%
	-0,11%
	95%
	98%

	Class F
	0.01%
	-0.06%
	0.04%
	100%
	99%



Test 2.1 b
The following table shows the results obtained with test 2.1b. The proposed method brings -0.05% with no encoder or decoder run times increase.

Table 2: Test 2.1b BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,07%#VALUE!
	-0,02%#VALUE!
	-0,09%#VALUE!
	101%#NUM!
	101%#NUM!

	Class A2
	-0,06%#VALUE!
	-0,06%#VALUE!
	-0,04%#VALUE!
	102%#NUM!
	102%#NUM!

	Class B
	-0,04%
	0,03%
	-0,06%
	100%
	101%

	Class C
	-0,04%
	0,01%
	0,02%
	96%
	98%

	Overall
	-0,05%#VALUE!
	0,00%#VALUE!
	-0,04%#VALUE!
	99%#NUM!
	100%#NUM!

	Class D
	-0,02%
	0,08%
	0,00%
	99%
	99%

	Class F
	0.01%
	-0.06%
	0.04%
	99%
	97%



Test 2.1 c
The following table shows the results obtained with test 2.1c. An average gain of -0.07% can be achieved.
Table 3: Test 2.1c BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.09%
	0.05%
	-0.10%
	101%
	100%

	Class A2
	-0.11%
	-0.06%
	0.00%
	100%
	100%

	Class B
	-0.04%
	-0.01%
	-0.12%
	100%
	99%

	Class C
	-0.05%
	-0.03%
	-0.01%
	102%
	102%

	Overall
	-0.07%
	-0.02%
	-0.06%
	101%
	100%

	Class D
	-0.05%
	0.20%
	0.02%
	102%
	102%



Test 2.1d
The following table shows the results obtained with test 2.1d with simplification.

Table 4: Test 2.1d BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.15%
	-0.19%
	-0.18%
	103%
	105%

	Class A2
	-0.14%
	-0.07%
	-0.11%
	103%
	104%

	Class B
	-0.05%
	0.03%
	-0.07%
	102%
	103%

	Class C
	-0.03%
	-0.03%
	-0.02%
	101%
	101%

	Overall
	-0.08%
	-0.05%
	-0.08%
	102%
	103%

	Class D
	-0.07%
	0.16%
	-0.09%
	102%
	102%



Test 2.1e
The following table shows the results obtained with test 2.1e.

Table 4: Test 2.1e BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.08%
	-0.20%
	-0.08%
	101%
	102%

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

	Class B
	-0.03%
	0.01%
	0.01%
	100%
	101%

	Class C
	-0.03%
	-0.06%
	-0.01%
	101%
	101%

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

	Class D
	-0.02%
	0.02%
	-0.15%
	101%
	100%

	
	
	
	
	
	


Test 2.1 f
The following table shows the results obtained with test 2.1f. The proposed method brings -0.07% on average with no encoder run time increase.
Table 5: Test 2.1f BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0,10%
	-0,19%
	-0,19%
	98%
	100%

	Class A2
	-0,11%
	-0,09%
	-0,02%
	99%
	102%

	Class B
	-0,06%
	0,05%
	-0,02%
	99%
	101%

	Class C
	-0,05%
	0,01%
	-0,03%
	103%
	101%

	Overall
	-0,07%
	-0,04%
	-0,05%
	100%
	101%

	Class D
	-0,04%
	0,03%
	-0,12%
	100%
	99%


Test 2.1 g
The following table shows the results obtained with test 2.1g. The proposed method brings -xxx%
Table 6 Test 2.1g BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

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

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

	Class B
	-0,08%
	-0,04%
	-0,13%
	#NUM!
	#NUM!

	Class C
	-0,08%
	-0,09%
	-0,02%
	#NUM!
	#NUM!

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

	Class D
	-0,06%
	0,22%
	-0,01%
	#NUM!
	#NUM!


Test 2.1 g without simplification
The following table shows the results obtained with test 2.1g without simplification. The proposed method brings -0.12% coding gain.
Table 7: Test 2.1g without simplification BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.11%
	-0.05%
	-0.05%
	102%
	100%

	Class A2
	-0.19%
	-0.13%
	-0.01%
	101%
	102%

	Class B
	-0.09%
	-0.03%
	-0.14%
	102%
	102%

	Class C
	-0.10%
	-0.12%
	-0.05%
	103%
	103%

	Overall
	-0.12%
	-0.08%
	-0.07%
	102%
	102%

	Class D
	-0.03%
	-0.04%
	-0.12%
	103%
	103%


Test 2.1 i
The following table shows the results obtained with test 2.1i.

Table 9: Test 2.1i BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

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

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

	Class B
	-0,10%
	-0,07%
	-0,19%
	#NUM!
	#NUM!

	Class C
	-0,08%
	-0,19%
	-0,08%
	#NUM!
	#NUM!

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

	Class D
	-0,10%
	0,18%
	0,01%
	#NUM!
	#NUM!


Test 2.1 j
The following table shows the results obtained with test 2.1j.

Table 9: Test 2.1j BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.16%
	-0.18%
	-0.04%
	103%
	105%

	Class A2
	-0.16%
	-0.11%
	-0.08%
	103%
	105%

	Class B
	-0.07%
	-0.04%
	-0.05%
	102%
	103%

	Class C
	-0.05%
	0.00%
	-0.07%
	101%
	101%

	Overall
	-0.10%
	-0.07%
	-0.06%
	102%
	103%

	Class D
	-0.06%
	0.03%
	-0.11%
	101%
	102%


Test 2.1 k
The following table shows the results obtained with test 2.1k.

Table 9: Test 2.1k BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.21%#VALUE!
	-0.28%#VALUE!
	-0.16%#VALUE!
	105%#NUM!
	108%#NUM!

	Class A2
	-0.19%#VALUE!
	-0.18%#VALUE!
	-0.09%#VALUE!
	105%#NUM!
	110%#NUM!

	Class B
	-0,11%
	-0,06%
	0,00%
	102%
	104%

	Class C
	-0,06%
	-0,02%
	-0,08%
	100%
	99%

	Overall
	-0.13%#VALUE!
	-0.12%#VALUE!
	-0.07%#VALUE!
	103%#NUM!
	105%#NUM!

	Class D
	-0,09%
	0,17%
	-0,10%
	99%
	99%

	Class F
	-0.01%
	-0.04%
	-0.05%
	100%
	99%


Test 2.1 l
The following table shows the results obtained with test 2.1l.
Table 9: Test 2.1l BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.13%#VALUE!
	-0.22%#VALUE!
	-0.07%#VALUE!
	102%#NUM!
	102%#NUM!

	Class A2
	-0.19%#VALUE!
	-0.11%#VALUE!
	-0.05%#VALUE!
	102%#NUM!
	103%#NUM!

	Class B
	-0.08%#VALUE!
	-0.11%#VALUE!
	-0.24%#VALUE!
	102%#NUM!
	101%#NUM!

	Class C
	-0.06%
	-0.10%
	0.01%
	101%#NUM!
	101%#NUM!

	Overall
	-0.11%#VALUE!
	-0.13%#VALUE!
	-0.10%#VALUE!
	101%#NUM!
	102%#NUM!

	Class D
	-0.03%
	0.06%
	0.03%
	#NUM!
	#NUM!

	Class F
	-0.03%
	-0.10%
	-0.03%
	101%
	101%



Test 2.1 l without simplification
The following table shows the results obtained with test 2.1l without simplification.
Table 9: Test 2.1l without simplification BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	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
	-0.06%
	-0.06%
	-0.07%
	#NUM!
	#NUM!

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

	Class D
	-0.05%
	0.15%
	0.01%
	#NUM!
	#NUM!




Test 2.1 n
The following table shows the results obtained with test 2.1n.
Table 9: Test 2.1n BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	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%
	-0.07%
	#NUM!
	#NUM!

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

	Class D
	-0.05%
	0.15%
	0.04%
	#NUM!
	#NUM!



Test 2.1 n without simplification
The following table shows the results obtained with test 2.1n without simplification.
Table 9: Test 2.1n without simplification BD-rates and complexity results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	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
	-0.08%
	-0.17%
	0.00%
	#NUM!
	#NUM!

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

	Class D
	-0.06%
	0.12%
	-0.01%
	#NUM!
	#NUM!



Conclusion
This contribution reports the results of EE2-2.1a, EE2-2.1b, EE2-2.1c, EE2-2.1d, EE2-2.1e and their combination tests, EE2-2.1f, EE2-2.1g,  EE2-2.1i, EE2-2.1j, EE2-2.1k and, EE2-2.1l and EE2-1n. Coding gains can be observed over ECM-8.0 across all sub-tests with no or reasonable complexity increase.
In conclusion, it is proposed to adopt one of the combination tests EE2-2.1k or EE2-2.1lin 2.1 category to the next version of ECM.
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