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Introduction
In the current V-PCC design, the original attribute values are adjusted by using an “attribute transfer” process in accordance with the changes made in geometry information, due to the decoding, reconstruction and smoothing. Thus, given this “in-loop” nature of “geometry smoothing” process, a reasonable question would be about the effect (objective as well as visual) on point cloud reconstruction, when different geometry smoothing functions are applied at the encoder and decoder side? In addition, we also study the effect, in the quality of reconstructed point cloud, for the case when the decoder uses a single decoded map instead of multiple geometry/attribute maps for point cloud reconstruction.

Geometry Smoothing Mismatch
As mentioned above, one of the goals of this study is to investigate the following question: “What would be the quality impact when different geometry smoothing functions are applied at the encoder and decoder. In our studies and experiments, we have assumed three possible smoothing options, namely: A) no smoothing, B) a grid based low complexity smoothing [1] implemented in the current TMC2 anchor, and C) KD-tree based smoothing used in TMC2 release-3.0. 
In the 1st study case, encoder uses the anchor smoothing function (i.e. option B) and on the decoder side we use different smoothing functions (i.e. options A and C). Due to the existence of mismatch between the encoder and the decoder, we thus expect to see different geometry and attribute values vs. anchor in the reconstructed point cloud.  In a second case, we apply a different geometry smoothing function than the anchor (i.e. options A or C) on the encoder side and on the decoder side option B is used for the smoothing. In this case, we expect geometry to remain the same, as in the anchor, but attribute values to be affected. The table below summarizes different study cases and experiments.
[image: ]
Single Map Reconstruction
In this experiment, we try to investigate the following: When an encoder uses, for example, two geometry/attribute maps, what would be the impact of dropping the second map and using the first map only for point cloud reconstruction? Moreover, in terms of geometry smoothing, what would be the impact in terms of color attribute recoloring process?
Here we present results for lossy compression only (not considering lossless coding). We notice that as the result of dropping the second map, several holes appear as shown in the picture, below.
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Simulation Results Discussions
Below we present the results for Loot 
[image: ]
In the above results, one can see that Geometry Smoothing is necessary for quality (many artifacts without smoothing) and that using different smoothing functions has no significant impact on the geometry and little impact on the attribute. 
Below we present the results for Queen
[image: ]
The results observed showed that the geometry smoothing function can affect the attribute coding and can lead to artifacts that are caused due to the mismatch between the geometry used at the encoder side and the one used at the decoder side. Similar observations are also made in case of decoding a single map. It should also be noted that these observations depend highly on the content and using a different content/segmentation may have a different impact. For example, in the case of Loot, we observed a minor impact in terms of RD performance for the luminance coding (in higher frequencies only), whereas for Queen sequence a relatively large performance drop (around 1dB for R4, for example) is present (see above Figure). 
Subjective quality was evaluated as well. The artifacts generated by using option C smoothing at the decoder instead of the anchor smoothing (option B) can be seen in some isolated points, as shown below in the woman’s sleeve (leftmost – original, middle – option B, and rightmost – using option C at the decoder only). Notice that darker voxels appear in the rightmost picture, even though the geometry seems to be consistent. In the rightmost picture (single map reconstruction only), notice that some pixels have also different colors, darker blue, for example. This happens to the Queen sequence because of the proximity of layers with different color (the body has darker color and is very close to the sleeve, with bright blue colors). Similar problem could potentially happen if patch boundaries were to coincide with color boundaries, and eventually the geometry smoothing function could shift a voxel across the boundary.

[image: ]

Conclusion
[bookmark: _GoBack]We have studied the effect of the mismatch in point cloud reconstruction when using different geometry smoothing functions at the encoder and decoder side. For many cases, no significant impact in both objective and subjective terms has been observed. In case of Queen sequence however we have observed a significant impact. Similar observations can also be made in case of single map reconstruction, as well.
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