	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11
14th Meeting: Geneva, CH, 19–27 March 2019
	Document: JVET-N0484-v32



	Title:
	Non-CE9: Simplification of DMVR and BDOF combination

	Status:
	Input document to JVET

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Ru-Ling Liao, Yan Ye, Jie Chen 
Radiance Jin Hui Tower, Building No.6,  The 4 District Wangjing Dong Yuan, Chaoyang District, Beijing, China
	
Tel:
Email:
	

ruling.lrl@alibaba-inc.com

	Source:
	Alibaba Group 


_____________________________
Abstract
In the VVC draft 4, decoder side motion vector refinement and bi-directional optical flow are sequentially applied to a merge-coded CU when conditions for applying DMVR and applying BDOF are both met. In this contribution, two modifications to the DMVR + BDOF combination are proposed. In the first modification, it is proposed to disable the combination of DMVR and BDOF for some CU shapes, and to apply only BDOF to these CUs. For the other CUs, the same process as VVC draft 4 is performed. The simulation results show that 0.03% BD rate loss is observed in random access configuration. In the second modification, the merge candidate list is extended to allow some merge candidate indices to be used to select between DMVR and BDOF. The simulation results show that 0.45% BD rate loss is observed in random access configuration.
In the v3 revision, the method 1 is modified to restrict DMVR based on block shape regardless of whether BDOF is applied to the CU or not. 
Introduction
In VVC draft 4, decoder side motion vector refinement (DMVR) and bi-directional optical flow (BDOF) are sequentially applied to a merge-coded CU when the following conditions are satisfied: 1) the CU’s height is larger than 4, and the CU’s size is larger than or equal to 64 luma samples, 2) the CU is coded using skip/merge mode and is not coded using affine mode, merge mode with MVD (MMVD), triangle partition mode or ATMVP merge mode, 3) the CU is coded with bi-prediction MVs, and one reference picture is in the past and another reference picture is in the future with respect to the current picture, 4) the POC distances from both reference pictures to the current picture are the same. Both DMVR and BDOF are expensive processes for the decoder, and applying them sequentially exacerbates the problem, especially for hardware implementations.
Proposed solution
When the conditions for applying DMVR and applying BDOF are both met for the same CU, instead of applying both processes sequentially, selecting only one to be performed is preferred. In order to measure the performance impact of such simplification, two tests are performed: 1) applying only DMVR and disabling BDOF when both conditions are met, 2) applying only BDOF and disabling DMVR when both conditions are met. The simulation results are provided in Table 1 and Table 2. As shown in the table, the coding loss is large, which is not desirable.
[bookmark: _Ref3325471]Table 1. Simulation results of applying only DMVR (and disabling BDOF) when both conditions of applying DMVR and applying BDOF are met
	
	　Random Access

	
	　Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.25%
	0.13%
	0.08%
	100%
	97%

	Class A2
	0.56%
	0.21%
	0.08%
	100%
	97%

	Class B
	0.37%
	0.20%
	0.15%
	99%
	96%

	Class C
	0.48%
	0.31%
	0.35%
	100%
	96%

	Class E
	　
	
	　
	　
	　

	Overall
	0.41%
	0.22%
	0.18%
	100%
	96%

	Class D
	0.70%
	0.48%
	0.39%
	101%
	96%

	Class F
	0.18%
	0.06%
	0.07%
	99%
	97%


[bookmark: _Ref3304752]Table 2. Simulation results of applying only BDOF (and disabling DMVR) when both conditions of applying DMVR and applying BDOF are met
	
	　Random Access

	
	　Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.66%
	0.84%
	1.00%
	100%
	97%

	Class A2
	1.19%
	1.45%
	1.46%
	101%
	97%

	Class B
	0.50%
	0.74%
	0.75%
	100%
	96%

	Class C
	0.58%
	0.74%
	0.72%
	100%
	95%

	Class E
	　
	
	　
	　
	　

	Overall
	0.69%
	0.90%
	0.94%
	100%
	96%

	Class D
	0.64%
	0.86%
	0.79%
	100%
	94%

	Class F
	0.23%
	0.36%
	0.31%
	100%
	95%


In this contribution, two solutions to the problem of sequential application of DMVR + DDOF are proposed. 
In the first proposed solution, an implicit method is used. When the current CU is narrow-and-tall or wide-and-flat, only BDOF is applied; otherwise, DMVR and BDOF are applied. Specifically, when the ratio of max(width, height) to min(width, height) is larger than R, BDOF is applied; otherwise, DMVR and BDOF are applied. In this contribution, R is set to 8 or 4.
In the second proposed solution, the merge list is extended from 6 to 12 and an index is signaled to indicate which one of DMVR and BDOF is selected. The merge list construction is described as follows:
1 using the same merge list construction process as VVC draft 4 to derive merge candidates 0 to 5;
2 checking the merge candidates 0 to 5. If both DMVR and BDOF are applied to a merge candidate,
2.1 only DMVR is applied to that merge candidate;
2.2 the merge candidate is duplicated and put at the end of the merge list, and only BDOF is applied to the duplicated merge candidate;
3 zero motion vector is inserted until the number of candidates is equal to 12.
An example is shown in Figure 1. Note that this proposed merge candidate extension does not require actual merge candidate storage to be increased; instead, the extended candidates are “virtual” candidates whose indices are just used to select between DMVR and BDOF. 
It is noted that the second proposed solution reduces the worst case complexity, whereas the first proposed solution does not.
In the third proposed solution, the first proposed solution is extended to apply a shape restriction to DMVR. When the current CU is narrow-and-tall or wide-and-flat, the DMVR process is disabled. That is, if the CU qualifies for both DMVR and BDOF, then only BDOF is applied. If the CU only qualifies for DMVR, then DMVR is not applied. R is set to 4 in this proposed solution.

[image: ]
[bookmark: _Ref3378287]Figure 1. An example of proposed merge list construction.
Simulation results
The proposed modifications are implemented on top of VTM-4.0. Simulation results of the first proposed solution (shape-dependent disabling of DMVR) for the RA configurations are provided in Table 3 (R=8) and Table 4 (R=4). When the threshold R is set to 8, negligible performance impact is observed. When the threshold R is set to 4, 0.00% to 0.03% coding loss is observed. Simulation results of the second proposed solution (merge candidate extension) is shown in Table 5. 
[bookmark: _Ref3304293]Table 3. Simulation results of proposed solution 1 (R=8)
	
	　Random Access

	
	　Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.03%
	-0.02%
	102%
	101%

	Class A2
	0.01%
	0.06%
	0.04%
	102%
	102%

	Class B
	0.00%
	0.01%
	-0.01%
	101%
	101%

	Class C
	0.00%
	-0.06%
	-0.06%
	101%
	101%

	Class E
	
	
	
	
	

	Overall
	0.00%
	0.01%
	-0.02%
	101%
	101%

	Class D
	-0.01%
	-0.01%
	-0.01%
	102%
	102%

	Class F
	-0.01%
	-0.01%
	-0.04%
	101%
	101%



[bookmark: _Ref3369380]						Table 4. Simulation results of proposed solution 1 (R=4)
	
	Random Access

	
	Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	0.02%
	0.03%
	101%
	102%

	Class A2
	0.03%
	0.07%
	0.07%
	101%
	102%

	Class B
	0.03%
	0.02%
	0.00%
	100%
	101%

	Class C
	0.03%
	0.04%
	-0.07%
	100%
	101%

	Class E
	
	
	
	
	

	Overall
	0.03%
	0.03%
	0.00%
	100%
	101%

	Class D
	0.04%
	-0.06%
	-0.01%
	101%
	102%

	Class F
	0.00%
	0.03%
	-0.01%
	100%
	101%



[bookmark: _Ref3378633]						Table 5. Simulation results of proposed solution 2
	
	Random Access

	
	Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.30%
	0.19%
	0.17%
	101%
	98%

	Class A2
	0.62%
	0.30%
	0.20%
	101%
	98%

	Class B
	0.41%
	0.26%
	0.22%
	100%
	96%

	Class C
	0.49%
	0.37%
	0.32%
	101%
	93%

	Class E
	
	
	
	
	

	Overall
	0.45%
	0.28%
	0.23%
	101%
	96%

	Class D
	0.72%
	0.38%
	0.33%
	101%
	91%

	Class F
	0.19%
	0.09%
	0.08%
	100%
	95%


[bookmark: _GoBack]Additional results on DMVR restriction based on block shape 
Since DMVR is relatively expensive process, it is proposed to apply shape restriction to DMVR mode. When the ratio of max(width, height) to min(width, height) of a CU is larger than 4, DMVR is disabled for that CU.
Table 6. Simulation results relative to VTM-4.0
	
	Random Access

	
	Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.04%
	0.07%
	0.04%
	99%
	98%

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.03%
	-0.02%
	0.05%
	99%
	99%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!



						Table 7. Simulation results relative to CE9-1.1a
	
	Random Access

	
	Over CE9-1.1a

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class C
	0.01%
	0.01%
	0.03%
	#DIV/0!
	#DIV/0!

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	0.00%
	0.02%
	0.07%
	#DIV/0!
	#DIV/0!

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



Text
[bookmark: _Toc2812969]8.5.1 General decoding process for coding units coded in inter prediction mode
…
The decoding process for coding units coded in inter prediction mode consists of the following ordered steps:
1. The variable dmvrFlag is set equal to 0.
2. The motion vector components and reference indices of the current coding unit are derived as follows:
· If merge_triangle_flag[ xCb ][ yCb ], inter_affine_flag[ xCb ][ yCb ] and merge_subblock_flag[ xCb ][ yCb ] are all equal to 0, the following applies:
· The derivation process for motion vector components and reference indices as specified in clause 8.5.2.1 is invoked with the luma coding block location ( xCb, yCb ), the luma coding block width cbWidth and the luma coding block height cbHeight as inputs, and the luma motion vectors mvL0[ 0 ][ 0 ] and mvL1[ 0 ][ 0 ], the reference indices refIdxL0 and refIdxL1 and the prediction list utilization flags predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ], and the bi-prediction weight index gbiIdx as outputs.
· When all of the following conditions are true, dmvrFlag is set equal to 1:
· sps_dmvr_enabled_flag is equal to 1
· merge_flag[ xCb ][ yCb ] is equal to 1
· both predFlagL0[ 0 ][ 0 ] and predFlagL1[ 0 ][ 0 ] are equal to 1
· mmvd_flag[ xCb ][ yCb ] is equal to 0
· DiffPicOrderCnt( currPic, RefPicList[ 0 ][ refIdxL0 ]) is equal to DiffPicOrderCnt( RefPicList[ 1 ][ refIdxL1 ], currPic )
· cbWidth is greater than or equal to 8
· cbHeight is greater than or equal to 8
· cbHeight*cbWidth is greater than or equal to 64128
· Max( cbWidth, cbHeight ) / Min( cbWidth, cbHeight) ≦ 4
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