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Abstract
In CE4-2.1, Prediction refinement with optical flow (PROF) for affine mode was tested. It’s reported the luma BD-rate for RA and LD respectively are -0.48%, and -0.32% in test a. In this contribution, two simplified aspects for PROF are proposed. The first aspect is to apply PROF to affine coded block with uni-prediction for reducing the complexity of PROF. In the second aspect, the refinement offset is clipped within [-4092, 4091] to ensure the refined value is within 16-bit signed range.
Simulation results for aspect 1 reportedly show that the luma BD-rate -0.40% and -0.17% in RA and LB cases, respectively, when compared to VTM-5.0.
Simulation results for aspect 2 reportedly show that the luma BD-rate -0.48% and -0.30% in RA and LB cases, respectively, when compared to VTM-5.0.
Introduction
In CE4-2.1, prediction refinement with optical flow (PROF) for affine mode was tested. The PROF refines the sub-block based affine motion compensated prediction with optical flow. After the sub-block based affine motion compensation is performed, luma prediction sample is refined by adding a difference derived by the optical flow equation [3]. In addition, in CE4-2.1, the refinement offset is clipped within [-8192, 8191] before refining prediction samples.
The basic operation for affine motion compensation is increased for both uni-prediction and bi-prediction, as shown in Table 1.
In VTM-5.0, extreme input values my lead interpolated values to be in the range 2*a*b*255/64 = –16830 to (a2 + b2)*255/64 = 33150, which exceeds the signed 16-bit range and where a is the sum of negative interpolation filter coefficients and b is the sum of the positive ones. Since the range size for interpolated values is 33150–(–16830)+1=49981 and the range size for 16-bit is 65536, the range can be shifted to singed 16-bit range by first adding a negative offset to the interpolated values before bi-prediction and then adding back a positive offset to the final result. For example, by adding 8192 to the intermediate sum shifts the range to –25022 to 24958 and thus ﬁt within the 16-bit signed range [4].
However, after the applying of PROF, the refined value will be the range –16830–8192 to 33150+8191, and the range size 66364 will exceed 16-bit range size 65536. The above-mentioned trick cannot be applied anymore.
Proposed method
In this contribution, two aspects are proposed to simplify the PROF design. Firstly, PROF is only applied to affine coded block with uni-prediction. With the constraint, the worst case complexity of affine motion compensation is same as VTM-5.0, as shown in Table 1.
[bookmark: _Ref12373425]Table 1 Basic operations per 4x4 subblock for affine
	Test#
	Number of mults
	Number of adds
	Number of shifts

	VTM-5.0
	400/800
	350/700
	74/172

	4-2.1a
	432/864
	430/860
	106/236

	Proposal
	432/800
	430/700
	106/172


Secondly, the refinement offset is clipped within [-4092, 4091]. So after the applying of PROF, the refined value will be the range –16830–4092 to 33150+4091, and the range size 58164 is within 16-bit signed range.
Experiment results
[bookmark: _GoBack]The proposed aspects has been implemented on top of CE4-2.1a. The results the test are shown below against VTM5.0 [1] under CTC [2].

[bookmark: _Ref525334336]Table 2 Coding performance of aspect 1 over VTM-5.0
	
	Random Access Main 10

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.13%
	-0.13%
	0.15%
	101%
	100%

	Class A2
	-0.71%
	0.29%
	0.13%
	101%
	101%

	Class B
	-0.52%
	-0.15%
	-0.19%
	101%
	101%

	Class C
	-0.22%
	-0.01%
	-0.25%
	102%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.40%
	-0.02%
	-0.07%
	101%
	101%

	Class D
	-0.39%
	-0.08%
	-0.09%
	101%
	101%

	Class F
	-0.75%
	-0.32%
	-0.32%
	101%
	100%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.19%
	0.14%
	0.04%
	102%
	101%

	Class C
	-0.16%
	-0.38%
	-0.15%
	102%
	101%

	Class E
	-0.17%
	0.20%
	-0.27%
	101%
	101%

	Overall
	-0.17%
	-0.02%
	-0.10%
	102%
	101%

	Class D
	-0.27%
	-0.21%
	0.26%
	100%
	101%

	Class F
	-1.07%
	-0.47%
	-0.28%
	101%
	102%



Table 3 Coding performance of aspect 2 over VTM-5.0
	
	Random Access Main 10

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.12%
	-0.16%
	0.12%
	101%
	100%

	Class A2
	-0.86%
	0.28%
	0.16%
	102%
	101%

	Class B
	-0.61%
	-0.27%
	-0.15%
	101%
	103%

	Class C
	-0.31%
	-0.10%
	-0.19%
	101%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.48%
	-0.09%
	-0.05%
	102%
	101%

	Class D
	-0.54%
	-0.11%
	0.03%
	101%
	101%

	Class F
	-0.86%
	-0.45%
	-0.48%
	101%
	101%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.38%
	-0.07%
	-0.01%
	102%
	101%

	Class C
	-0.23%
	0.05%
	-0.32%
	102%
	104%

	Class E
	-0.25%
	-0.13%
	-0.80%
	103%
	102%

	Overall
	-0.30%
	-0.04%
	-0.31%
	102%
	102%

	Class D
	-0.35%
	-0.42%
	0.90%
	100%
	103%

	Class F
	-1.22%
	-0.82%
	-1.62%
	101%
	102%



Conclusions
In this contribution, two simplified aspects for PROF are proposed. The first aspect is to apply PROF to affine coded block with uni-prediction for reducing the average complexity of PROF. In the second aspect, the refinement offset is clipped within [-4092, 4091] to ensure the refined value is within 16-bit signed range.
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