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Abstract
This contribution presents a method of storing bi-directional motion vectors for uni-directional triangular prediction. The presented method results in a BD-rate coding efficiency loss of XX0.08% for RA and XX0.16% for LB, with marginal increase in encoder complexity for RA, and XX128% increase in encoder complexity for LB. No significant increase in decoder complexity is reported.  
Problem Statement 
In JVET-J0020 [1] and JVET-K0144 [2], a triangular inter-prediction method is presented. The method is using motion vector merge candidates from the spatial and temporal neighborhood of the current block. Coding gains of approximately 1% for RA and 1.7% for LB are reported for both VTM and BMS 1.0. This method has the flexibility of performing uni-directional or bi-directional motion compensation for each triangle, depending on the nature of the signaled merge candidates. Thus, in the worst case, four block-wise motion compensation steps are required for a triangular partitioned block, if both triangles are using bi-prediction. To address this potential memory bandwidth issue, in JVET-L0124 [3] triangular partitioning is restricted to uni-directional prediction for all block sizes. The coding gain drops to approximately 0.6% compared to the VTM 2.0 anchor. To handle uni-directional motion vectors, a new merge list construction process is introduced, which converts bi-directional merge candidates into uni-directional merge candidates by splitting a bi-directional merge candidate into its List0 and List1 components. Lastly, the chosen uni-directional motion vector for each triangle is inserted into the motion vector storage buffer. An artificial bi-directional motion vector is constructed for storage purposes only and is inserted at every 4x4 block that is sliced by the partition boundary of the two triangles. This is illustrated in Figure 1 (taken from JVET-L0124).Figure 1: Motion Vector Storage for Triangular Partitions in VTM 3.0.

This contribution presents two changes to the current method of triangular motion vector storage handling:
1. Instead of storing uni-directional motion vectors, bi-directional motion vectors are inserted into the motion vector storage buffer if the original merge candidates were bi-directional motion vectors.
2. Instead of constructing an artificial bi-directional candidate for the 4x4 boundary blocks, the boundary blocks are uniquely assigned to either the first or the second triangle based on a simple criterion.   
Proposed method
The proposed method is implemented on top of VTM-3.0 [4]. No changes to the current method of triangular merge candidate construction is needed. In summary, uni-directional motion vectors are used for the actual prediction, whereas bi-directional motion vectors are used for storage, if the original merge candidate is a bi-directional motion vector.
As described in JVET-L0124, the merge list is constructed by filling up the list successively with:
1. uni-directional candidates (List0 and List1)
2. List0 components of bi-directional candidates
3. List1 components of bi-directional candidates
4. uni-directional candidates generated from the List0 and List1 component average of bi-directional candidates
In the proposed method, for the cases 2.-4., a copy of the original bi-directional motion vector is kept, along with the converted uni-directional candidate. After motion compensation of both triangles, the original uni- or bi-directional motion vectors are inserted into the motion vector storage buffer. A simple flow chart of the process can be seen in Figure 2. Note that the Uni-Prediction Candidate Derivation process is equivalent to the steps 2.-4. listed above.[bookmark: _Ref526801735]Figure 2: Handling of bi-prediction motion vectors for triangular / geometric prediction units.
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Similar as in JVET-L0124, motion vectors are stored on the 4x4 grid according to the shape of the triangles.   As mentioned above, however, no artificial bi-directional candidate is constructed for the boundary blocks that are sliced by the top-left to bottom-right or bottom-left to top-right diagonal. Instead, a hard decision is made for these boundary blocks. 
The 4x4 boundary blocks are either assigned to the first partition (storing MV1) or the second partition (storing MV2). In the current implementation, the motion vectors that point to the reference picture which is temporally closer to the current picture are preferred, as they are expected to have higher correlation with the current picture. In software, the assignment is made based on the absolute POC distances, that are associated with the motion vectors of both lists: 
[bookmark: _Hlk534214196]If ∆POCMV1, L0 + ∆POCMV1, L1 ≤ ∆POCMV2, L0 + ∆POCMV2, L1, the boundary blocks are assigned to MV1, otherwise they are assigned to MV2. With ∆POCMVx, Ly = abs(POC(RefIdxMVx, Ly) - CurrentPOC) and ∆POCMVx, Ly = 0 if the motion vector does not exist for the Ly list component. Figure 3 shows an example of the four different assignments.Figure 3: Examples of motion vector storage based on a hard decision for the 4x4 blocks on the partition boundary.

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 [5] 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 hash10a973eb47959ef56d8029b81c17538392ff4126.  Additionally, memory bandwidth measurements were made in a separate decoder run according to JVET-K0451 [6]. Note: missing results will be updated as soon as possible.
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Conclusion
In this contribution, an alternative method of storing bi-directional motion vectors for uni-directional prediction of triangular partitions is presented. With the proposed method, the bi-direction information can be preserved and propagated to the neighboring blocks. Further study is recommended on how the motion vector storage for triangular partitions can be improved.
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