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Abstract
This contribution proposes the combination of triangular prediction with merge with motion vector difference (MMVD) techniques. The proposed method achieves a BD-rate change of -0.14% for RA and ‑0.33% for LB with an increase of 157% for RA and 224% for LB in encoder complexity. No significant increase in decoder complexity is reported.  
Introduction 
In JVET-J0020 [1], JVET-K0144 [2] and JVET-L0124 [3] triangular partitioning using merge mode based motion information coding is presented. The current method has the drawback of limited motion vector precision due to the nature of the merging process. Motion vectors cannot be updated. In JVET-H0087 [4], JVET-K0270 [5] and JVET-L0125 [6] a possible solution is presented by enabling AMVP for triangular partitions. In the latest proposal JVET-L0125, BD-rate changes of -0.47% for RA and -0.27% for LB are reported against the BMS-2.0.1 anchor. The encoder complexity increases to 175% for RA and 157% for LB.
In the current VVC draft JVET-L1001 [7] and the VTM software, an apparent syntax redundancy exists, where the triangle merge mode flag is signaled independent of the value of the MMVD mode flag, even though the combination of the two approaches is not possible.
Instead of removing the redundancy, it is proposed to capitalize on this and enable the combination of triangular partitioning and MMVD-based motion coding. 
Proposed method
The proposed method is implemented on top of VTM-3.0 [8]. For the combined approach, three syntax changes are necessary compared to the current VVC draft:
1. If the triangle merge mode is enabled and if the MMVD mode is enabled, the decoding of an additional triangle_direction_flag syntax element is necessary, to specify the direction of the diagonal split (top-left to bottom-right or bottom-left to top-right). This syntax element is necessary as the direction of the diagonal split is otherwise inferred from the triangle_merge_index and a look-up table.
2. If the triangle merge mode is enabled and if the MMVD mode is enabled, the syntax decoding processes associated with MMVD are invoked a second time, to derive the motion information of the second triangle.
3. If the triangle merge mode is enabled and if the MMVD mode is disabled, the triangle_merge_index is decoded as currently specified. 
Figure 1 shows a simple block diagram, how the MMVD mode is integrated into the decoder loop relating to triangular prediction. It is noted that the triangle merge list is reused for the basis predictors of MMVD, which can be either the first or the second candidate of the merge list. This ensures that only uni-directional motion vectors are used for triangular prediction.Figure 1: Decoder loop changes for the integration of MMVD and triangular partitioning (red).

At the encoder side, a full search of all 64 possible motion vectors for both triangles (2 predictors * 4 directions * 8 magnitudes) is performed. It is noted that this differs from the approach used for regular, rectangular blocks, where a fast skipping of unlikely motion vector directions is used.
Motion vector estimation is achieved by performing a motion compensation of the luma channel for every possible motion vector, followed by computing the sum of absolute differences (SAD) for each triangle and updating the lowest RD-cost per triangle. Finally, the combination of two MMVD-based motion vectors is chosen, which results in the lowest overall RD-cost. 


Experimental results
[bookmark: _GoBack]The following experiment was conducted using the VTM-3.0 software with the VTM configuration and according to the JVET common test conditions JVET-L1010 [9] to collect the BD-rate, encoding and decoding time of the tested techniques in the Random Access (RA) and Low Delay B (LB) configurations. The anchor used was VTM-3.0 with Git hash 10a973eb47959ef56d8029b81c17538392ff4126. Additionally, memory bandwidth measurements were made in a separate decoder run according to JVET-K0451 [10]. 

	
	Random Access Main 10
	Random Access Main10 

	
	Over VTM-3.0
	Tool off

	
	Y
	U
	V
	EncT
	DecT
	ave mem BW
	max mem BW
	Impacted Pixels
	Adj DecT

	Class A1
	-0.02%
	-0.17%
	-0.21%
	142%
	101%
	100%
	101%
	1.51%
	

	Class A2
	-0.19%
	-0.26%
	-0.39%
	154%
	101%
	100%
	100%
	1.39%
	

	Class B
	-0.14%
	-0.19%
	-0.07%
	157%
	99%
	100%
	101%
	1.71%
	

	Class C
	-0.19%
	-0.30%
	-0.31%
	171%
	101%
	100%
	100%
	3.64%
	

	Class E
	 
	
	 
	 
	 
	 
	 
	 
	 

	Overall
	-0.14%
	-0.23%
	-0.23%
	157%
	100%
	100%
	101%
	2.12%
	

	Class D
	-0.30%
	-0.41%
	-0.52%
	176%
	100%
	99%
	100%
	2.91%
	

	Class F 
	-0.08%
	-0.13%
	-0.17%
	158%
	101%
	100%
	103%
	2.56%
	



	
	Low delay B Main10 
	Low delay B Main10 

	
	Over VTM-3.0
	Tool off

	
	Y
	U
	V
	EncT
	DecT
	ave mem BW
	max mem BW
	Impacted Pixels
	Adj DecT

	Class A1
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 
	 
	 
	 
	 

	Class B
	-0.27%
	-0.24%
	-0.42%
	204%
	100%
	100%
	101%
	3.71%
	

	Class C
	-0.44%
	-0.89%
	-0.57%
	233%
	97%
	100%
	101%
	6.09%
	

	Class E
	-0.65%
	-0.26%
	-0.58%
	219%
	99%
	100%
	100%
	3.90%
	

	Overall
	-0.33%
	-0.48%
	-0.54%
	224%
	100%
	100%
	101%
	4.55%
	

	Class D
	-0.65%
	-0.26%
	-0.58%
	219%
	99%
	100%
	100%
	7.56%
	

	Class F 
	-0.37%
	-0.61%
	0.71%
	184%
	103%
	100%
	100%
	2.88%
	



With the proposed method, a BD-rate change of -0.14% can be achieved for RA with an increase in encoder complexity to 157%. For LB, a BD-rate change of ‑0.33% can be achieved with an encoder complexity increase to 224%. No increase in decoder complexity or memory bandwidth is reported.
Conclusion
It is proposed to further study the integration of MMVD with triangular partitioning, as no additional decoder complexity is added when the two tools are combined. It is recommended to investigate how fast-decision heuristics at the encoder side can limit the additional encoder runtime.
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Figure 1: Flow chart of the raconsruction process for riangular prediction mode. The necessary changes fo the decoding

process are marked in red.
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