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Abstract
This contribution is athe report for the core experimentof EE2.6 on mesh coding with V-PCC. In the MPEG-126 meeting, Samsung proposed an architectural extension to V-PCC to support mesh coding [1]. This contribution shows the implementation results of the proposed framework compared to a publically available mesh codec software.
Proposal
Figures 1 and 2 show the extensions to the V-PCC encoder and decoder to support mesh encoding and mesh decoding, respectively, as proposed in [1]. In the encoder extension (Figure 1), the input mesh data is demultiplexed into vertex coordinate+attributes and vertex connectivity. The vertex coordinate+attributes data is coded using MPEG-I V-PCC, whereas the vertex connectivity data is coded as auxiliary data. Both of these are multiplexed to create the final compressed output bitstream. Vertex ordering is carried out on the reconstructed vertex coordinates at the output of MPEG-I V-PCC to reorder the vertices for optimal vertex connectivity encoding. In the decoder, the input bitstream is demultiplexed to generate the compressed bitstreams for vertex coordinates+attributes and vertex connectivity. The vertex coordinates+attributes data is decompressed using MPEG-I V-PCC decoder. Vertex ordering is carried out on the reconstructed vertex coordinates at the output of MPEG-I V-PCC decoder to match the vertex order at the encoder. The vertex connectivity data is also decompressed and everything is multiplexed to generate the reconstructed mesh.
Experimental results
We implemented the proposed framework on top of TMC2 v5.0 using the TFAN mesh coding algorithm from the MPEG SC3DMC standard (Scalable Complexity 3D Mesh Coding) [2] for coding mesh vertex connectivity. TFAN compresses the vertex indices (mesh connectivities)). TFAN compresses vertex indices losslessly based on partitioning mesh faces into a set of triangle fans, as shown in Figure 3. 
To test out the implementation, we used the first frame of Basketball, Dancer, Exercise, and Model meshes from the Owlii mesh datasets. We mapped the geometry values into the 10-bit range and voxelized them. Then we did re-meshing of the new 3D points using the MeshLab software. The generated meshes have no color since the original meshes have texture atlas which cannot be converted to point colors in a straightforward way. Figure 4 shows a sample mesh generated from the original floating-point mesh.
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Figure 1: V-PCC extension for mesh encoding.
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Figure 2: V-PCC extension for mesh decoding.
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Figure 3. An example of TFAN partitioning of mesh faces. Here, 7 indices are encoded instead of 15 indices in the 5 triangles.
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Figure 4. A mesh from the Owlii dataset (left) and the generated 10-bit voxelized mesh used in our simulations (right)

For the voxelized Owlii meshes, the input BPP (bits per point) or BPV (bits per vertex) is calculated as:
Input BPP = 30 bits for geo  +  N bits per vertex index  x  num_vertex_indices  /  num_vertices
where N is the minimum number of bits required to encode each vertex index.. Table 1 shows the input BPP values for 1 frame of the voxelized mesh.
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Table 1. Input BPP values for voxelized 10-bit Owlii meshes

Table 2 shows lossless simulation results of TMC2v5+TFAN versus near-lossless (using the highest-quality compression level) simulation results of a publicly available codec for 1 frame of the voxelized 10-bit Owlii meshes which contain geometry and vertex indices but no color. In case of TMC2v5+TFAN, both the encoded sizes in bytes and the output BPP values are shown in tableTable 2a for individual components as well as the total data written into disk. Unfortunately, the public codec does not print out the individual sizes for geometry and vertex indices. Therefore, tableTable 2b only shows the bytes and BPP values for the total data written into disk in case of the public codec. The results show the superiority of TMC2v5+TFAN over the public codec for the Owlii meshes.  The output BPP is calculated as:
Output BPP = total size of encoded bitstream  /  num_vertices
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Table 2. Lossless simulation results of TMC2v5+TFAN (a) versus near-lossless (using the highest-quality compression level) simulation results of a public codec (b) for 1 frame of voxelized 10-bit Owlii meshes

We also generated meshes from the CTC point clouds, a snapshotsnapshots of each iswhich are shown in Figure 5. The generated meshes have exactly the same geometry and color values as the CTC point clouds. The generated faces are not perfect as there are some holes in them, but they are sufficient for our test purpose.
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Figure 5. Snapshots of generated meshes from the CTC point clouds

The input BPP values for the meshes in Figure 5 are shown table 3 which are calculated as follows:
Input BPP = 30 bits for geo  +  24 bits for color  +  N bits per vertex index  x  num_vertex_indices  /  num_vertices
where again .
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Table 3. Input BPP values for the meshes created from the CTC point clouds

Table 4 shows the lossless simulation results of TMC2v5+TFAN versus near-lossless simulation results of the public codec for 1 frame of voxelized 10-bit meshes generated from the CTC point clouds which contain geometry, color, and vertex indices. These results show the superiority of TMC2v5+TFAN over the public codec for the meshes generated from the CTC point clouds.
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Table 4. Lossless simulation results of TMC2v5+TFAN (a) versus near-lossless (using the highest-quality compression level) simulation results of the public codec (b)  for 1 frame of voxelized 10-bit meshes generated from the CTC point clouds

The point clouds in Figure 5 which are generated from the CTC point clouds are dense. To compare TMC2v5+TFAN and the public mesh codec for different point densities, we downsampled the meshes in Figure 5 uniformly as shown in Figure 6. The lowest density has about 3%-5% of the number of points in the original density.
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Figure 6. Uniform downsampling of the meshes created from the CTC point clouds

[bookmark: _GoBack]Figure 7 shows the performances of TMC2v5+TFAN (left) and the public mesh codec (right) for the meshes generated from the CTC point clouds and uniformly downsampled using box-grid filtering to result in different point densities. In case of TMC2v5+TFAN, the BPP values increase with reduction in the point density, whereas in the public mesh codec the BPP values changes within a smaller range.
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Figure 7. Performances of TMC2v5+TFAN (left) and the public mesh codec (right) for the meshes created from the CTC point clouds and uniformly downsampled.

Figure 8 demonstrates the average BPP values of all five sequences at different point densities. The TMC2v5+TFAN generates lower BPP values than the public mesh codec at all densities, but its BPP values increase more considerably with the density reduction. It should be noted that these results are related to uniformly subsampled meshes, and the results for random subsampling might be different.
[image: ]
Figure 8. Average BPP of five sequences in Figure 7

Conclusion 
In this report, we show the performance of TMC2v5+TFAN compared to a public mesh codec for different mesh sequences. Based on the obtained results, the proposed framework to support mesh coding in V-PCC looks promising, so we recommend for further investigation.
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image6.emf
Mesh No of points No of faces

basketball_player_vox10 19,434 38,806

dancer_vox10 19,448 38,669
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Bytes BPP or BPV Bytes BPP or BPV Bytes BPP or BPV Bytes written to file Output BPP (BPV)

basketball_player_vox10 19,434 63,652 26.20 18,098 7.45 28,605 12 110,434 45.46

dancer_vox10 19,363 64,663 26.72 17,916 7.40 28,016 12 110,674 45.73

exercise_vox10 19,448 65,974 27.14 18,144 7.46 28,848 12 113,045 46.50

model_vox10 19,590 68,623 28.02 18,068 7.38 30,641 13 117,411 47.95

Vertex indices

TMC2 v5 + TFAN

Mesh No of points

Geometry Occ + Aux

Total (all components)
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Header

Bytes Bytes BPP or BPV Bytes BPP or BPV Bytes BPP or BPV Bytes written into disk Output BPP

basketball player 19,434 44 63,652 26.20 18,100 7.45 28,613 11.78 110,434 45.46

dancer 19,363 44 64,663 26.72 17,918 7.40 28,024 11.58 110,674 45.73

exercise 19,448 44 65,974 27.14 18,146 7.46 28,856 11.87 113,045 46.50

model 19,590 44 68,623 28.02 18,070 7.38 30,649 12.52 117,411 47.95

TMC2 v5 + TFAN

Mesh No of points

Geometry Occ + Aux

Total (all components) Vertex indices
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image17.emf
Mesh No of points No of faces

Loot 784142 1311997

Redandblack 729133 1207660

Soldier 1059810 1610314

Queen 1006509 1698691

Longdress 765821 1195636

21

20

20
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Bytes BPP or BPV Bytes BPP or BPV Bytes BPP or BPV Bytes BPP or BPV Bytes written to file Output BPP (BPV)

Loot 784142 127,376 1.30 787,624 8.04 7,772 0.08 1,200,362 12.25 2,123,215 21.66

Redandblack 729133 144,075 1.58 1,083,586 11.89 15,391 0.17 920,760 10.10 2,163,893 23.74

Soldier 1059810 198,318 1.50 1,243,602 9.39 15,093 0.11 1,280,821 9.67 2,737,915 20.67

Queen 1006509 138,024 1.10 1,159,918 9.22 19,811 0.16 1,451,425 11.54 2,769,259 22.01

Longdress 765821 131,082 1.37 1,304,814 13.63 8,355 0.09 760,055 7.94 2,204,387 23.03

Vertex indices

TMC2 v5 + TFAN

Mesh No of points

Geometry Color Occ + Aux

Total (all components)
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Header

Bytes Bytes BPP Bytes BPP Bytes BPP Bytes BPP Bytes written into disk Output BPP

Loot 784142 44 127,376 1.30 787,624 8.04 7,776 0.08 1,200,370 12.25 2,123,215 21.66

Redandblack 729133 44 144,075 1.58 1,083,586 11.89 15,395 0.17 920,768 10.10 2,163,893 23.74

Soldier 1059810 44 198,318 1.50 1,243,602 9.39 15,097 0.11 1,280,829 9.67 2,737,915 20.67

Queen 1006509 44 138,024 1.10 1,159,918 9.22 19,815 0.16 1,451,433 11.54 2,769,259 22.01

Longdress 765821 44 131,082 1.37 1,304,814 13.63 8,359 0.09 760,063 7.94 2,204,387 23.03

TMC2 v5 + TFAN

Mesh No of points

Geometry Color Occ + Aux

Total (all components) Vertex indices + Aux
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