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Abstract
This contribution extends Adaptive Motion Vector Resolution (AMVR) to affine inter mode, wherein one MV resolution could be selected from a set of MV resolutions. In this proposal, the motion vector resolution set includes 1/16-pel, 1/4-pel and 1-pel. Simulation results reportedly show 0.36% BD-rate saving in Random Access (RA) configuration with 2% decoding running time increase. Moreover, if AMVR is disabled in non-affine inter mode, proposed method can achieve 0.58% BD-rate saving in RA configuration with 1% decoding running time increase.
Introduction
The versatile video coding test mode (VTM) [1] employs AMVR for Advanced Motion Vector Prediction (AMVP) mode, wherein different MV precisions including 1/4-pel MV, 1-pel MV and 4-pel MV can be selected adaptively at CU-level. A syntax element is signaled to the decoder to indicate the selected MV precision when there is non-zero motion vector difference (MVD) component. Comparing with always using 1/4-pel MV precision, AMVR can achieve better compromise between MV precision and bits spent on MVD.
In affine inter mode, MVD of two/three control points are encoded for 4/6-parameter affine model. However, unlike AMVP mode, affine inter mode can only use 1/4-pel MV/MVD precision, which may be inefficient.

Proposed method
To address the problem mentioned above, we extend AMVR to affine inter mode. Considering that affine model may prefer finer MV precision in some cases like zooming etc., MV resolution set {1/16, 1/4, 1}-pel is proposed for affine inter mode. If one MV precision is selected for an affine-coded block, both MVP candidates and MVD are firstly rounded to the selected MV precision, as AMVR does.
The syntax for MV/MVD precision used for AMVP mode is reused in this proposal. No additional syntax element is added. 
At the encoder side, one of the three MV precisions could be selected for an affine-coded inter block. In VTM, AMVP mode and affine inter mode are checked together in one loop. For 1/4-pel MV precision, both AMVP mode and affine inter mode are checked. However, for 1-pel MV precision and 4-pel MV precision, only AMVP mode is checked. After extending AMVR to affine inter mode, affine inter mode using 1/16-pel MV precision is checked together with AMVP mode using 1-pel MV precision, and affine inter mode using 1-pel MV precision is checked together with AMVP mode using 4-pel MV precision.
Testing all three MV/MVD precisions in affine inter mode will significantly increase the encoding complexity. To address this issue, we propose following fast algorithms:
1. If affine inter mode is not selected after checking rate-distortion costs of affine merge/skip mode, merge/skip mode, 1/4-pel MV precision AMVP mode and affine inter mode, then 1/16-pel MV precision and 1-pel MV precision affine inter modes are not checked.
2. Affine parameters obtained in 1/4-pel MV precision affine inter mode is reused as starting search point in 1/16-pel and 1-pel MV precision affine inter modes.

Experimental results
The proposed method was implemented on top of reference software VTM-2.0.1 [1], and simulations were performed following the common test conditions [2]. Two sets of simulations were performed with the following configurations:
1. Config #1: VTM-2.0.1.
2. Config #2: VTM-2.0.1 with AMVR off.
The results are shown in Table 1 and Table 2.
[bookmark: _Ref518375567]Table 1: Coding performance of Config #1
	
	Random Access Main 10
	Low delay B Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.36%
	-0.28%
	-0.32%
	103%
	103%
	
	
	
	
	

	Class A2
	-0.51%
	-0.48%
	-0.48%
	105%
	102%
	
	
	
	
	

	Class B
	-0.32%
	-0.32%
	-0.35%
	104%
	101%
	-0.25%
	-0.43%
	-0.42%
	108%
	102%

	Class C
	-0.29%
	-0.11%
	-0.19%
	105%
	104%
	-0.27%
	-0.33%
	-0.48%
	107%
	103%

	Class E
	
	
	
	
	
	-0.28%
	-0.33%
	-0.51%
	114%
	102%

	Overall
	-0.36%
	-0.29%
	-0.33%
	104%
	102%
	-0.27%
	-0.37%
	-0.46%
	109%
	102%

	Class D
	-0.45%
	-0.52%
	-0.48%
	105%
	104%
	-0.61%
	-0.19%
	-0.63%
	108%
	102%


[bookmark: _Ref518375425]
[bookmark: _Ref525035186]Table 2: Coding performance of Config #2
	
	Random Access Main 10
	Low delay B Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.74%
	-0.77%
	-0.72%
	105%
	102%
	
	
	
	
	

	Class A2
	-0.67%
	-0.81%
	-0.69%
	108%
	101%
	
	
	
	
	

	Class B
	-0.54%
	-0.62%
	-0.58%
	107%
	101%
	-0.38%
	-0.20%
	-0.23%
	109%
	101%

	Class C
	-0.42%
	-0.31%
	-0.40%
	108%
	101%
	-0.34%
	-0.16%
	-0.26%
	109%
	102%

	Class E
	 
	
	 
	 
	 
	-0.17%
	-0.60%
	-0.30%
	113%
	95%

	Overall
	-0.58%
	-0.61%
	-0.58%
	107%
	101%
	-0.31%
	-0.29%
	-0.26%
	110%
	100%

	Class D
	-0.54%
	-0.66%
	-0.44%
	107%
	101%
	-0.70%
	-0.24%
	-0.74%
	111%
	104%



Conclusions
This contribution proposes to extend AMVR for affine inter mode. The proposed method can achieve 0.36%/0.27% luma BD-rate saving with almost the same decoding time for RA/LB under VTM-2.0. It is recommended to adopt this proposal to VVC. 
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