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Abstract
This contribution is a report on EE4FE2.6 on mesh coding with V-PCC. In previous meetings, Samsung presented results for extensions of V-PCC to support mesh coding [1-3]. These were based on TFAN mesh coding algorithm from the MPEG SC3DMC software [4]. This contribution replaces TFAN with the Edgebreaker method implemented in the Google Draco codec [5] for mesh coding. The single-frame near-lossless results for the proposed framework on top of TMC2 v8.0 are presented and compared with TMC2 + TFAN [1-3] and Google Draco.
Introduction
Our first framework [1-3] to support mesh coding for V-PCC encodes geometry and attributes using the default packing operation in TMC2 where the geometry and attributes are packed into either 2D regular patches or raw patches. The mesh connectivity is encoded losslessly using a mesh connectivity algorithm such as TFAN or Edgebreaker. Reordering metadata (lookup table) is also signaled in the bitstream to relate connectivity to geometry and color after decoding.
Our proposed second framework [1, 2] encodes the mesh connectivity first and then packs geometry and attributes using only raw patches according to the traversal order of the encoded connectivity. By using this framework, signaling of the reordering metadata is not required.
Experimental Results
To test our proposed frameworks on mesh coding using V-PCC, we have created 10-bit dense as well as sparse meshes with voxelized positions (geometry) and per-vertex attributes from the CTC point clouds and Owlii meshes, as detailed in [6]. In Figure 1, the single-frame near-lossless results for framework 2 are shown for TMC2v8 + EB, where EB stands for Edgebreaker, and compared with the lossless results of TMC2v8 + TFAN and the near-lossless results of Google Draco (using zero quantization and the highest compression level). 
[image: ]
(a)
[image: ]
(b)
[image: ]
(c)
Figure 1. Single-frame lossless results. (a) TMC2v8 + EB Framework 2, (b) TMC2 + TFAN Framework 2, (c) Google Draco

As seen in Figure 1, TMC2v8 + EB outperforms TMC2v8 + TFAN for all meshes based on the bits per input point (BPiP). It also has a better perromance than Draco for Redandblack and Queen meshes. However, for the rest of sequences, Draco outeperforms the other two codecs. In case of using TFAN, the number of input and output points are identical, whereas Edgebreaker slightly increases the number of points by breaking non-manifold edges that are caused by folds in 1-ring neighborhood around a vertex. 
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Figure 2. Average performance of (a) TMC2v8 + EB and (b) TMC2v8 + TFAN (anchor: Google Draco)

[bookmark: _GoBack]Figure 2 compares the average performances of TMC2v8 + EB and TMC2v8 + TFAN compared to Google Draco as reference. On average, the lossless perromance of TMC2v8 + EB is 4.17% and 6.51% worse than Google Draco for dense and sparse meshes, respectively. Google Draco is shows considerably better near-lossless performance for geometry compression, whereas TMC2v8 + EB has a better performance for compressing attributes. The small differences in the connectivity compression between the two codecs are due to adding the Draco header bitstream (12 bytes) to the TMC2v8 + EB bitstream. Note that the results shown here for TMC2v8 + TFAN vs Google Draco are different than those in [1,2] due to using different input meshes (the new meshes have less number of points).
Conclusion
In this report, we present the results of using edgebreaker method for encoding connectivity in framework 2 on top of TMC2v8 (TMC2v8 + EB). The single frame near-lossless results of TMC2v8 + EB are compared with TMC2v8 + TFAN and also with Google Draco. TMC2v8 + EB outperforms TMC2v8 + TFAN for all meshes. It also outperforms Google Draco on two of the sequences (Redandblack and Queen). On average, the performance of (TMC2v8 + EB) is is 4.17% and 6.51% worse than Google Draco for the newly generated dense and sparse meshes, respectively.
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Bytes BPiP Bytes BPiP Bytes BPiP Bytes BPiP Bytes written to file Output BPiP

Loot 589,653        589,713        1,177,746      270,074 3.66 644,945 8.75 33 0.00 169,397 2.30 1,084,449 14.71

Redandblack 567,826        568,108        1,134,497      230,533 3.25 725,681 10.22 33 0.00 166,904 2.35 1,123,151 15.82

Soldier 751,145        751,258        1,499,173      366,964 3.91 945,317 10.07 33 0.00 228,555 2.43 1,540,869 16.41

Queen 641,049        641,484        1,280,268      299,373 3.74 716,709 8.94 33 0.00 182,293 2.27 1,198,408 14.96

Longdress 557,626        557,661        1,113,367      227,931 3.27 897,566 12.88 33 0.00 162,746 2.33 1,288,276 18.48

basketball_player 19,427           19,433           38,770           24,042 9.90 37,751 15.55 33 0.01 6,012 2.48 67,838 27.94

dancer 19,352           19,353           38,629           23,187 9.59 37,283 15.41 33 0.01 5,916 2.45 66,419 27.46

exercise 19,442           19,456           38,778           23,059 9.49 36,488 15.01 33 0.01 6,054 2.49 65,634 27.01

model 19,598           19,603           39,108           23,919 9.76 39,063 15.95 33 0.01 6,112 2.49 69,127 28.22

MPEG130 -   1-frame near-lossless results of  Google Draco
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image4.emf
Dense Meshes Sparse Meshes Dense Meshes Sparse Meshes

Geometry 35.81% 28.97% Geometry 43.15% 34.85%

Color -6.15% -7.39% Color -4.35% -6.34%

Connectivity 0.01% 0.20% Connectivity 52.78% 77.39%

Total bitstream 4.17% 6.51% Total bitstream 14.64% 16.07%

TMC2v8+TFAN Framework 2 compared to Google Draco TMC2v8+EB Framework 2 compared to Google Draco
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Bytes BPP Bytes BPiP Bytes BPiP TFAN Reordering Total TFAN Reordering Total Bytes written to file Output BPiP

Loot 589,653        589,713        1,177,746     358,302 4.86 536,080 7.27 419 0.01 169,409 0 169,409 2.30 0.00 2.30 1,064,196 14.44

Redandblack 567,826        568,108        1,134,497     344,333 4.85 765,363 10.78 402 0.01 166,916 0 166,916 2.35 0.00 2.35 1,276,986 17.99

Soldier 751,145        751,258        1,499,173     473,968 5.05 794,183 8.46 440 0.00 228,567 0 228,567 2.43 0.00 2.43 1,497,166 15.95

Queen 641,049        641,484        1,280,268     376,159 4.69 674,281 8.41 398 0.00 182,305 0 182,305 2.28 0.00 2.28 1,233,143 15.39

Longdress 557,626        557,661        1,113,367     341,683 4.90 918,798 13.18 414 0.01 162,758 0 162,758 2.34 0.00 2.34 1,423,618 20.42

basketball_player 19,427          19,433          38,770          30,384 12.51 34,867 14.36 357 0.15 6,024 0 6,024 2.48 0.00 2.48 71,632 29.50

dancer 19,352          19,353          38,629          30,002 12.40 33,820 13.98 356 0.15 5,928 0 5,928 2.45 0.00 2.45 70,106 28.98

exercise 19,442          19,456          38,778          30,384 12.50 33,742 13.88 362 0.15 6,066 0 6,066 2.50 0.00 2.50 70,542 29.03

model 19,598          19,603          39,108          30,731 12.54 37,029 15.12 362 0.15 6,124 0 6,124 2.50 0.00 2.50 74,245 30.31

MPEG130 -   1-frame near-lossless results of TMC2v8+EB for Framwork 2
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image2.emf
Bytes BPP Bytes BPiP Bytes BPiP TFAN Reordering Total TFAN Reordering Total Bytes written to file Output BPiP

Loot 589,653        589,653        1,177,746     381,629 5.18 553,038 7.50 405 0.01 258,293 0 258,293 3.50 0.00 3.50 1,193,365 16.19

Redandblack 567,826        567,826        1,134,497     375,061 5.28 786,833 11.09 374 0.01 260,579 0 260,579 3.67 0.00 3.67 1,422,847 20.05

Soldier 751,145        751,145        1,499,173     491,702 5.24 802,050 8.54 461 0.00 360,655 0 360,655 3.84 0.00 3.84 1,654,868 17.63

Queen 641,049        641,049        1,280,268     404,979 5.05 693,810 8.66 394 0.00 266,997 0 266,997 3.33 0.00 3.33 1,366,180 17.05

Longdress 557,626        557,626        1,113,367     343,397 4.93 923,378 13.25 381 0.01 243,645 0 243,645 3.50 0.00 3.50 1,510,801 21.67

basketball_player 19,427          19,427          38,770          32,220 13.27 35,671 14.69 357 0.15 10,739 0 10,739 4.42 0.00 4.42 78,987 32.53

dancer 19,352          19,352          38,629          31,463 13.01 34,282 14.17 354 0.15 10,436 0 10,436 4.31 0.00 4.31 76,535 31.64

exercise 19,442          19,442          38,778          31,968 13.15 34,356 14.14 357 0.15 10,667 0 10,667 4.39 0.00 4.39 77,348 31.83

model 19,598          19,598          39,108          31,391 12.81 36,725 14.99 361 0.15 10,899 0 10,899 4.45 0.00 4.45 79,376 32.40

MPEG130 -   1-frame near-lossless results of TMC2v8+TFAN for Framwork 2
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