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Abstract
This contribution reports the test results related to affine DMVR of EE2 Test 2.1, 2.2, 2.3, and 2.4.
Test 2.1 reports {-0.10%(Y), -0.06(U)%, -0.09%(V)} BD-rate change with 1xx103% encoder time and 1xx104% decoder time. 
Test 2.2 reports {-0.10%(Y),, -0.11%(Y), -0.08%(V)} BD-rate change with 1xx100% encoder time and 1xx101% decoder time. 
Test 2.3 reports the following results 
	Test 2.3.a: {-0.xx12%(Y), -0.xx08%(V), -0.xx12%(V)} BD-rate change with 1xx109% encoder time and 1xx107% decoder time. 
	Test 2.3.b: {-0.21%(Y), -0.16%(V), -0.17%(V)} BD-rate change with 130129% encoder time and 114116% decoder time.
Test 2.4 reports the following results: 
Test 2.4.a:{-0.xx13%(Y), -0.xx10%(V), -0.xx10%(V)} BD-rate change with 1xx100% encoder time and 102xx% decoder time.
Test 2.4.b: {-0.xx15%(Y), -0.xx10%(V), -0.xx13%(V)} BD-rate change with 101xx% encoder time and 103xx% decoder time.
Test 2.4.c: {-0.xx%(Y), -0.xx%(V), -0.xx%(V)} BD-rate change with 1xx% encoder time and 1xx% decoder time.

Introduction 
In the 28th JVET meeting, affine DMVR [1] is adopted. A MV offset is added to all the control-point motion vectors to minimize the bilateral matching cost of bi-predicted affine merge candidate. Several improvements to the affine DMVR were proposed in [2][3][4], and were decided to study in EE2 Test 2.1, 2.2, 2.3, and the combinations were studied in 2.4 [5].
In Test 2.1, the non-translation parameters of affine model for affine merge coded blocks are refined. Firstly, the top-left CPMV is fixed as base MV of the affine model and the non-translation parameters are searched by minimizing the cost of bilateral matching. Then CPMVs are recalculated with the refined non-translation parameter values. Secondly, the new top-right CPMV is fixed as the base MV and the non-translation parameters are searched again to find new best values, and CPMVs are recalculated again after search. At last, the new left-bottom CPMV is fixed as the base MV and the same search process is applied on the non-translation parameters once again to get the final refined model. For each search point in the search process, motion compensation is applied to the whole CU and the SATD between two predictors of the CU are used as the cost. To reduce the complexity, different number of search rounds and search directions are set for different stages with cost based early termination.
In Test 2.2, the affine DMVR process is altered such that bilateral matching cost is calculated per sub-block. Then, the subblock bilateral matching costs and refined subblock MVs are used to determine the overall best refined control-point motion vectors for the affine merge block. The proposed method can be summarized as the following:
1) Perform integer bilateral matching for subblocks. Accumulate the subblock bilateral matching cost to determine the best integer MV offset.
2) Perform half-pel bilateral matching search using the best integer MV offset as initial offset and output the best MV offset that minimizes the bilateral matching cost for the same subset of the subblocks of step 1.
3) Perform linear regression using the refined subblock MVs from step 1 as input and output a set of control-point motion vectors.
4) Compare the bilateral matching cost of the output of the steps 2 and 3 to select the one with the smallest cost.
In Test 2.3, CPMV refinement for affine DMVR is proposed, wherein a different MV offset may be applied to different control-point motion vectors. The method may be applied in merge candidate 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 proposed method can be described in the following two steps:
1) 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], as illustrated in Fig. 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.
2) 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 the test, adaptive DMVR method of regular inter is applied to affine merge mode, and affine DMVR is applied to affine MMVDThe affine DMVR is extended to be used in affine MMVD, adaptive BM. In Test 2.3.a, only the first step is applied, in Test 2.3.b all the steps are applied.  
Test 2.4.a is a combination of Test 2.1 and Test 2.2.
Test 2.4.b is a combination of Test 2.1, Test 2.2 and the step 1 of Test 2.3, without MMVD and adaptive DMVR extension without extensions to affine MMVD and adaptive BM modes.
Test 2.4.bc is a combination of Test 2.1, Test 2.2 and all steps of Test 2.3 and with without MMVD and adaptive DMVR extension extensions to affine MMVD and adaptive BM modes.

Test results
The test results are reported in the following tables.

[bookmark: _Ref116293327]Table 1 Test result of Test 2.1
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.15%
	-0.09%
	-0.04%
	106%
	107%

	Class A2
	-0.16%
	-0.08%
	-0.17%
	106%
	107%

	Class B
	-0.07%
	-0.05%
	-0.11%
	103%
	104%

	Class C
	-0.04%
	-0.03%
	-0.04%
	101%
	101%

	Class E
	　
	
	　
	
	

	Overall
	-0.10%
	-0.06%
	-0.09%
	103%
	104%

	Class D
	-0.01%
	-0.09%
	-0.18%
	100%
	100%

	Class F
	
	
	
	
	



[bookmark: _Ref116293414]Table 2 Test result of Test 2.2
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.15%
	-0.18%
	-0.07%
	99%
	99%

	Class A2
	-0.17%
	-0.07%
	-0.16%
	101%
	103%

	Class B
	-0.09%
	-0.10%
	-0.08%
	101%
	101%

	Class C
	-0.02%
	-0.09%
	-0.03%
	100%
	100%

	Class E
	 
	
	 
	
	

	Overall
	-0.10%
	-0.11%
	-0.08%
	100%
	101%

	Class D
	0.00%
	0.01%
	-0.06%
	100%
	100%

	Class F
	0.01%
	-0.04%
	0.01%
	102%
	105%



Table 3 Test result of Test 2.3.a 
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.16%
	-0.19%
	-0.10%
	109%
	104%

	Class A2
	-0.19%
	-0.06%
	-0.15%
	110%
	107%

	Class B
	-0.09%
	0.02%
	-0.09%
	119%
	116%

	Class C
	-0.06%
	-0.13%
	-0.15%
	111%
	109%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.12%#VALUE!
	-0.08%#VALUE!
	-0.12%#VALUE!
	109%#NUM!
	107%#NUM!

	Class D
	-0.06%
	-0.13%
	-0.05%
	112%
	110%

	Class F
	
	
	
	
	



Table 4 Test result 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%
	130%123%
	114%101%

	Class A2
	-0.37%
	-0.27%
	-0.22%
	131%117%
	121%107%

	Class B
	-0.16%
	-0.05%
	-0.17%
	141%143%
	119%126%

	Class C
	-0.11%
	-0.17%
	-0.12%
	114%129%
	109%115%

	Class E
	 
	
	 
	  
	  

	Overall
	-0.21%
	-0.16%
	-0.17%
	129%130%
	116%114%

	Class D
	-0.07%
	-0.04%
	0.02%
	109%125%
	107%113%

	Class F
	
	
	
	
	



Table 5 Test result of Test 2.4.a 
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.22%
	-0.17%
	-0.07%
	99%
	102%

	Class A2
	-0.22%
	-0.13%
	-0.14%
	100%
	103%

	Class B
	-0.11%
	-0.05%
	-0.12%
	102%
	103%

	Class C
	-0.02%
	-0.10%
	-0.09%
	100%
	101%

	Class E
	
	
	
	
	

	Overall
	-0.13%
	-0.10%
	-0.10%
	100%
	102%

	Class D
	-0.04%
	-0.10%
	-0.15%
	100%
	101%

	Class F
	
	
	
	
	



Table 6 Test result of Test 2.4.b 
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.22%
	-0.28%
	-0.14%
	100%
	103%

	Class A2
	-0.26%
	-0.11%
	-0.20%
	101%
	104%

	Class B
	-0.13%
	-0.01%
	-0.13%
	102%
	104%

	Class C
	-0.04%
	-0.07%
	-0.08%
	101%
	102%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.15%
	-0.10%
	-0.13%
	101%
	103%

	Class D
	-0.06%
	-0.17%
	-0.12%
	101%
	102%

	Class F
	
	
	
	
	



Table 7 Test result of Test 2.4.c 
	
	Random Access Main 10

	
	Over ECM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.43%
	-0.44%
	-0.26%
	136%
	110%

	Class A2
	
	
	
	
	

	Class B
	-0.24%
	-0.08%
	-0.21%
	133%
	108%

	Class C
	-0.13%
	-0.13%
	-0.16%
	145%
	117%

	Class E
	 
	
	 
	 
	 

	Overall
	
	
	
	
	

	Class D
	-0.13%
	-0.14%
	-0.18%
	138%
	117%

	Class F
	
	
	
	
	



Conclusion
In this contribution, test results of EE2 Test 2.1, 2.2, 2.3 and 2.4 are reported. It’s proposed to adopt Test 2.4.b into the next version of ECM and further study Test 2.4.c in the next round of EE2.
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