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Abstract
In this contribution, two modifications are proposed to unify the intermediate parameter derivation process of the BDOF and PROF: 1) align the motion refinement precision of the PROF to be the same as the BDOF, i.e., 1/32-pel, as proposed in CE4-2.1; 2) remove the dependency of internal bit-depth on the calculation of intermediate parameters of the BDOF and PROF. Compared to VTM-6.0 anchors, the proposed modifications reportedly show average BD-rate changes of {0.01%, 0.02%, 0.01%} and {0.02%, 0.01%, 0.04%} for RA and LD configurations, respectively.
Introduction 
In the VVC draft 6 [1], two prediction refinement methods based on optical flow model, namely bidirectional optical flow (BDOF) and prediction refinement with optical flow (PROF), are applied to enhance the efficiency of conventional motion compensation.
In the current BDOF design, motion refinements are calculated from the initial L0 and L1 prediction samples and derived in the precision of 1/32-pel with being clipped to the range [-32, 31]. In the PROF, motion refinements are calculated from the affine control-point motion vectors (CPMVs) and derived in the precision of 1/64-pel with being clipped to the range [-64, 63].
Additionally, in VVC draft 6 [1], the bitwise right shifts that are applied to calculate some intermediate parameters in the BDOF and PROF, such as gradients, correlation parameters and motion refinements, are dependent on the internal bit-depth when the internal bit-depth. It is asserted that those bit-depth dependent parameter derivations are inherited from the original BDOF design which are used to ensure the extreme bit-width of the whole BDOF derivation within 32-bit when the internal bit-depth is > 12-bit. But, with the adoption of JVET-O0304 [2] in JVET Gothenburg meeting, the multiplications during the BDOF correlation derivation are removed. This not only reduces the computation complexity but also lower the worst-case dynamic range of intermediate parameters of the BDOF. As shown later, with such change, those bit-depth dependent right shifts become unnecessary.
Proposal
This contribution proposes to unify the intermediate parameter derivation of the BDOF and the PROF for different internal bit-depths. Specifically, the following two modifications are proposed in the contribution:
1) CE4-2.1 [3]: align the precision of the motion refinement derived by the BDOF and the PROF by reducing the precision of the PROF motion refinement from 1/64-pel to 1/32-pel. The range of the derived PROF motion refinement is changed from [-64, 63] to [-32, 31].
2) Remove the dependency of internal bit-depth on calculating the bitwise right shifts for the BDOF and PROF parameter calculation.
[bookmark: _Hlk526634677][bookmark: _Ref532667106]8.5.6.5 Bi-directional optical flow prediction process
Inputs to this process are:
· two variables nCbW and nCbH specifying the width and the height of the current coding block,
· two (nCbW + 2)x(nCbH + 2) luma prediction sample arrays predSamplesL0 and predSamplesL1,
· the prediction list utilization flags predFlagL0 and predFlagL1,
· the reference indices refIdxL0 and refIdxL1,
· the bi-directional optical flow utilization flags bdofUtilizationFlag[ xIdx ][ yIdx ] with xIdx = 0..( nCbW >> 2 ) − 1, yIdx = 0..( nCbH >> 2 ) − 1.
Output of this process is the (nCbW)x(nCbH) array pbSamples of luma prediction sample values.
Variables bitDepth, shift1, shift2, shift3, shift4, offset4, and mvRefineThres are derived as follows:
· The variable bitDepth is set equal to BitDepthY.
· The variable shift1 is set to equal to Max( 6, bitDepth − 6 )6.
· The variable shift2 is set to equal to Max( 4, bitDepth − 8 )4.
· The variable shift3 is set to equal to Max( 1, bitDepth − 11 )1.
· The variable shift4 is set equal to Max( 3, 15 − bitDepth ) and the variable offset4 is set equal to 1  <<  ( shift4 − 1 ).
· The variable mvRefineThres is set equal to 1 << Max( 5, bitDepth − 7 )5.
8.5.5.9 Derivation process for motion vector arrays from affine control point motion vectors
· The variables sbWidth and sbHeight, dmvLimit, posOffsetX and posOffsetY are derived as follows:
sbWidth  =  cbWidth / numSbX		(8‑729)
sbHeight  =  cbHeight / numSbY		(8‑730)
dmvLimit  =  1 << Max( 6, BitDepthY − 6 )5		(8‑731)
posOffsetX  =  6 * dHorX + 6 * dVerX		(8‑732)
posOffsetY  =  6 * dHorY + 6 * dVerY		(8‑733)
· For x = 0..sbWidth − 1 and y = 0..sbHeight − 1, the following applies:
diffMv[ x ][ y ][ 0 ] = x * ( dHorX << 2 ) + y * ( dVerX << 2 ) – posOffsetX	(8‑734)
diffMv[ x ][ y ][ 1 ] = x * ( dHorY << 2 ) + y * ( dVerY << 2 ) – posOffsetY	(8‑735)
· For i = 0..1, the following applieis:
· The rounding process for motion vectors as specified in clause 8.5.2.14 is invoked with mvX set equal to diffMv[ x ][ y ][ i ], rightShift set equal to 78, and leftShift set equal to 0 as inputs and the rounded diffMv[ x ][ y ][ i ] as output.
· The value of diffMv[ x ][ y ][ i ] is clipped as follows:
diffMv[ x ][ y ][ i ] = Clip3( −dmvLimit, dmvLimit − 1, diffMv[ x ][ y ][ i ]) 	(8‑736)
Table 1, Table 2 and Table 3 illustrates the bit-widths of intermediate parameters of the BDOF and the PROF after the proposed modifications are applied, when the internal bit-depths are 8- to 16-bit. As can be seen from the tables, the bit-widths of all the BDOF and PROF parameters do not exceed 32-bit.
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	Operation
	Parameter
	BDOF 
	PROF

	
	
	Range
	Bit-width
	Range
	Bit-width

	Prediction samples
	predSampleL0, predSampleL1
	[-25085, 25079]
	16
	[-25085, 25079]
	16

	Gradient calculation
	gradientHL0, gradientVL0
gradientHL1, gradientVL1
	[-784, 783]
	11
	[-784, 783]
	11

	Correlation parameter calculation
	diff
	[-3135, 3135]
	13
	N/A
	N/A

	
	tempH, tempV
	[-784, 783]
	11
	N/A
	N/A

	
	sGx2, sGy2
	[0, 28224]
	16
	N/A
	N/A

	
	sGxGy
	[-28224, 28224]
	16
	N/A
	N/A

	
	sGxdI, sGydI
	[-112860, 112860]
	18
	N/A
	N/A

	Motion refinement
	vx, vy
	[-32, 31]
	6
	[-32, 31]
	6

	Sample refinement
	dI
	[-50144, 48576]
	17
	[-50144, 48576]
	17



[bookmark: _Ref20606032]Table 2 Bit-widths of internal parameters of BDOF and PROF, internal bit-depth 14-bit
	Operation
	Parameter
	BDOF 
	PROF

	
	
	Range
	Bit-width
	Range
	Bit-width

	Prediction samples
	predSampleL0, predSampleL1
	[-75773, 124919]
	18
	[-75773, 124919]
	18

	Gradient calculation
	gradientHL0, gradientVL0
gradientHL1, gradientVL1
	[-3136, 3135]
	13
	[-3136, 3135]
	13

	Correlation parameter calculation
	diff
	[-12543, 12543]
	15
	N/A
	N/A

	
	tempH, tempV
	[-3136,3135]
	13
	N/A
	N/A

	
	sGx2, sGy2
	[0,112896]
	18
	N/A
	N/A

	
	sGxGy
	[-112896, 112896]
	18
	N/A
	N/A

	
	sGxdI, sGydI
	[-451548, 451548]
	20
	N/A
	N/A

	Motion refinement
	vx, vy
	[-32, 31]
	6
	[-32, 31]
	6

	Sample refinement
	dI
	[-50144, 48576]
	19
	[-50144, 48576]
	19
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	Operation
	Parameter
	BDOF 
	PROF

	
	
	Range
	Bit-width
	Range
	Bit-width

	Prediction samples
	predSampleL0, predSampleL1
	[-278525, 524279]
	20
	[-278525, 524279]
	20

	Gradient calculation
	gradientHL0, gradientVL0
gradientHL1, gradientVL1
	[-12544, 12543]
	15
	[-12544, 12543]
	15

	Correlation parameter calculation
	diff
	[-50175, 50175]
	17
	N/A
	N/A

	
	tempH, tempV
	[-12544, 12543]
	15
	N/A
	N/A

	
	sGx2, sGy2
	[0, 451584]
	20
	N/A
	N/A

	
	sGxGy
	[-451584, 451584]
	20
	N/A
	N/A

	
	sGxdI, sGydI
	[-1806300, 1806300]
	22
	N/A
	N/A

	Motion refinement
	vx, vy
	[-32, 31]
	6
	[-32, 31]
	6

	Sample refinement
	dI
	[-802784, 777696]
	21
	[-802784, 777696]
	21


Table 3 Bit-widths of internal parameters of BDOF and PROF, internal bit-depth 16-bit

Simulation results
The proposed methods were implemented based on the VTM-6.0 reference software [4] and tested following the common test conditions (CTCs) as specified in [5].

	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.03%
	-0.11%
	101%
	99%

	Class A2
	0.03%
	-0.08%
	0.06%
	100%
	98%

	Class B
	0.01%
	0.07%
	0.03%
	101%
	100%

	Class C
	0.00%
	0.08%
	0.03%
	100%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	0.01%
	0.02%
	0.01%
	100%
	99%

	Class D
	-0.02%
	0.04%
	0.09%
	98%
	101%

	Class F
	0.00%
	-0.01%
	-0.01%
	100%
	97%



	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.01%
	-0.05%
	-0.37%
	102%
	99%

	Class C
	0.01%
	-0.09%
	0.24%
	98%
	99%

	Class E
	0.04%
	0.26%
	0.46%
	98%
	103%

	Overall
	0.02%
	0.01%
	0.04%
	100%
	100%

	Class D
	-0.05%
	0.22%
	-0.13%
	99%
	100%

	Class F
	0.10%
	-0.20%
	0.41%
	99%
	99%
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