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Abstract
PROF (Prediction Refinement with Optical Flow) is a method to improve motion vectors by using gradient information. Since the optical flow method has the assumption of brightness constancy generally, it may not be useful when coding tools considering variable brightness are applied. In this contribution, some additional applicable conditions for PROF are proposed. Since DMVR and BDOF have been applied when bi-prediction with CU weights (BCW) selects default weights and the coefficients and offsets for the explicit weighted prediction (WP) is not existed, the same conditions are introduced to PROF. As an experimental result on CTC, the average of decoding times became 1% faster on LB configuration. The losses of coding efficiency were 0.03% on RA configuration and 0.02% on LB configuration.

Problem Statement
In the current WD6 and VTM-6.0 software, the relationship between PROF, the explicit Weighted Prediction (WP) and Bi-prediction with CU-level Weights (BCW) has not been clarified. Since PROF which is based on the optical flow has the assumption of brightness constancy as the same as DMVR and BDOF have, the same conditions should be introduced to PROF.

Proposal changes of specification
The working draft [1] should be changed by the followings.
[bookmark: _Ref519540614]8.5.5.9	Derivation process for motion vector arrays from affine control point motion vectors

The variable cbProfFlagLX is derived as follows:
· If one or more of the following conditions are true, cbProfFlagLX is set equal to FALSE.
· sps_affine_prof_enabled_flag is equal to 0.
· fallbackModeTriggered is equal to 1.
· numCpMv is equal to 2 and cpMvLX[ 1 ][ 0 ] is equal to cpMvLX[ 0 ][ 0 ] and cpMvLX[ 1 ][ 1 ] is equal to cpMvLX[ 0 ][ 1 ].
· numCpMv is equal to 3 and cpMvLX[ 1 ][ 0 ] is equal to cpMvLX[ 0 ][ 0 ] and cpMvLX[ 1 ][ 1 ] is equal to cpMvLX[ 0 ][ 1 ] and cpMvLX[ 2 ][ 0 ] is equal to cpMvLX[ 0 ][ 0 ] and cpMvLX[ 2 ][ 1 ] is equal to cpMvLX[ 0 ][ 1 ].
· BcwIdx[ xCb ][ yCb ] is not equal to 0.
· luma_weight_lX_flag[ refIdxLX  ] is equal to 1.
· Otherwise, cbProfFlagLX set equal to TRUE.

Experimental result
The proposed method has been implemented on VTM-6.0 software. The simulation was based on VTM configuration JVET-O2010 [2]. The PC cluster was used for the simulation, but since the same CPUs are allocated to the same parameters of the same sequences, the execution time is almost accurate. In order to measure more accurate decoding times, the decoder was re-run all the bitstreams on single CPU.
As summary of experimental results, the average of decoding times became 1% faster on LB configuration. The losses of coding efficiency were 0.03% on RA configuration and 0.02% on LB configuration.

[bookmark: _Hlk3225015]Table 1  Summary of experimental results on RA configuration
	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	-0.03%
	-0.03%
	100%
	100%

	Class A2
	0.08%
	0.06%
	0.07%
	99%
	99%

	Class B
	0.02%
	0.17%
	0.02%
	99%
	100%

	Class C
	0.02%
	0.08%
	-0.01%
	100%
	100%

	Class E
	
	
	
	
	

	Overall
	0.03%
	0.08%
	0.01%
	100%
	100%

	Class D
	-0.01%
	0.03%
	0.06%
	99%
	100%

	Class F
	0.06%
	0.07%
	0.05%
	100%
	100%



Table 2  Summary of experimental results on LB configuration
	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.03%
	-0.09%
	-0.04%
	100%
	99%

	Class C
	0.00%
	0.04%
	-0.02%
	100%
	99%

	Class E
	0.02%
	0.66%
	0.43%
	99%
	99%

	Overall
	0.02%
	0.14%
	0.08%
	100%
	99%

	Class D
	0.05%
	0.24%
	0.25%
	100%
	99%

	Class F
	0.07%
	0.03%
	0.20%
	100%
	100%



Conclusion
In this contribution, we proposed that the same conditions as DMVR and BDOF are introduced to PROF. The average of decoding times became 1% faster on LB configuration and the average of loss of coding efficiency is very small. Therefore, we would like to recommend that the working draft and reference software should support this specification.
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