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Abstract
[bookmark: _GoBack]This contribution presents a simplification method for constructed affine merging candidate derivation. It is proposed to separate two reference lists and consider only reference indexes equal to zero. The total number of comparisons is reduced from 60 to 47. It is reported that the proposed method results in 0.02% and 0.02% luma BD-rates with trivial runtime changes for VTM4.0-RA and VTM4.0-LB, respectively.

Introduction
In VTM3.0, when constructing the subblock-based merging candidate list, if the list is not full after adding inherited affine merging candidates, constructed affine merging candidates are derived. The derivation for constructed affine merging candidate includes two stages. The first stage is to derive control point reference indexes (CPRIs) and control point motion vectors (CPMVs) at the four corners of the current coding unit (CU). The four corners are control points (CPs) denoted as CP0, CP1, CP2, and CP3 in Figure 1. CP0 finds the first inter block with the search order of {B2, B3, A2}. In case that the first inter block is list 0 (L0) prediction, the L0 CPRI and CPMV of CP0 is the L0 reference index (RI) and motion vector (MV) of the first inter block, and the list 1 (L1) CPRI of CP0 is set to -1. In case that the first inter block is L1 prediction, the L1 CPRI and CPMV of CP0 is the L1 RI and MV of the first inter block, and the L0 CPRI of CP0 is set to -1. In case that the first inter block is bi-prediction, the L0 CPRI and CPMV of CP0 is the L0 RI and MV of the first inter block, and the L1 CPRI and CPMV of CP0 is the L1 RI and MV of the first inter block. Similarly, the CPRIs and CPMVs of CP1, CP2, and CP3 are inherited from the first inter block with the search orders of {B1, B0}, {A1, A0}, and {RB}, respectively, where RB is in the collocated picture. Eight comparisons are required in the worst case to check whether the neighbouring blocks are inter. The second stage is to check validities of CP sets in a CP set list. The CP set list is {{CP0, CP1, CP2}, {CP0, CP1, CP3}, {CP0, CP2, CP3}, {CP1, CP2, CP3}, {CP0, CP1}, and {CP0, CP2}}. For each CP set, the CPRIs of each reference list are checked. For each reference list, if the CPRIs of the CP set are not all the same or any one of the CPRI is -1, the CPMVs of the CP set in that reference list are set to unavailable. The CPRI check of the CP sets for L0 and L1 requires at most 52 comparisons. The two stages require up to 60 comparisons in total.

[image: ]
Figure 1.  The neighbouring blocks for constructed affine candidates’ CPMV derivation.

Proposed method
The proposed method changes the CPRI and CPMV derivation processes. It is proposed to separate L0 derivation process and L1 derivation process. In the search of list X (LX, where X can be 0 or 1), only LX MVs with LX RI equal to 0 are considered as valid LX CPMV candidates. The LX CPRI is set to 0 if any neighbouring block has a LX RI equal to 0. Otherwise, the LX CPRI is set to -1. For example, the L0 CPMV of CP0 is the first available L0 MV with L0 RI equal to 0 with the search order of {B2, B3, A2}; the L1 CPMV of CP0 is the first available L1 MV with L1 RI equal to 0 with the search order {B2, B3, A2}.
In the first stage, two comparisons may be needed to check L0 and L1 RIs for each of the blocks A0, A1, A2, B0, B1, B2, B3. When the current picture is a B picture, the RB temporal candidate, if exists, is always bi-prediction with L0 and L1 RIs equal to 0. Only one comparison is needed to check whether RB is intra. Therefore, up to 15 comparisons are required in the first stage. In the second stage, the “same RI” checks are removed, so only up to 32 comparisons are required. In total, up to 47 comparisons are required.

Experiment results
The proposed method has been implemented on top of VTM4.0 [1]. The common test conditions [2] are used for evaluation. The results are summarized in Table 1.



Table 1.  Results of the simplified constructed affine candidate derivation.
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	99%
	96%

	Class A2
	0.00%
	0.00%
	0.00%
	99%
	96%

	Class B
	0.00%
	0.00%
	0.00%
	99%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	100%
	102%

	Class E
	0.00%
	0.00%
	0.00%
	99%
	101%

	Overall 
	0.00%
	0.00%
	0.00%
	99%
	99%

	Class D
	0.00%
	0.00%
	0.00%
	100%
	102%

	Class F
	0.00%
	0.00%
	0.00%
	100%
	102%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.02%
	0.10%
	100%
	99%

	Class A2
	0.00%
	-0.04%
	0.02%
	100%
	98%

	Class B
	0.04%
	0.01%
	0.02%
	100%
	99%

	Class C
	0.00%
	-0.03%
	-0.13%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	-0.01%
	0.00%
	100%
	99%

	Class D
	-0.01%
	-0.01%
	-0.04%
	100%
	100%

	Class F
	-0.02%
	0.01%
	-0.04%
	100%
	103%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.05%
	-0.06%
	0.23%
	100%
	102%

	Class C
	0.03%
	0.34%
	-0.19%
	100%
	103%

	Class E
	-0.04%
	-0.21%
	-0.44%
	100%
	97%

	Overall
	0.02%
	0.04%
	-0.08%
	100%
	101%

	Class D
	0.12%
	-0.11%
	0.02%
	102%
	101%

	Class F
	-0.07%
	-0.27%
	-0.47%
	100%
	100%



Conclusions
In this proposal, a simplified constructed affine merging candidate derivation is proposed. It is reported that the proposed method results in very minor BD-rates and runtime changes.
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