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Abstract
In this proposal, we demonstrate the effect of splitting the large patches during the 3D-to-2D projection and patch generation stage in the V-PCC Encoder. In particular, we show that splitting the large patches result in more compact patch packing and reduced video frame size. The reduced frame size, in turn, reduces the complexity of both the V-PCC encoder and decoder compared to the anchor. In our experiments (32-frame simulations of lossy conditions) the reduction of frame size compared to the anchor is over 40% for the 11-bit point cloud sequences. Furthermore, if the minimumImageHeight encoder parameter is set to 512 (instead of 1280 as per the CTC), the frame size reduction for even the 10-bit sequences is between 8% and 24% for AI, and between 14% and 32% for RA. Furthermore, patch splitting produced some gains in BDBR—especially for 11-bit sequences—and some loss for the 10-bit queen sequence.  
Introduction
Occasionally, the presence of a few relatively large patches hinders compact patch packing and results in increased video frame dimensions.  An increase in the video frame size proportionally increases both the encoder and the decoder complexities. Moreover, the possible size of the patches increase with the increase in bit-depth of the point cloud geometry. In this proposal, we introduced a new encoder parameter to specify the maximum size of a patch called maxPatchSize. During the point cloud segmentation and patch generation stage in the V-PCC encoder, a patch whose dimension exceeds the maxPatchSize value is split into smaller patches.    
Proposal description
Following the generation of a new patch, if the relative dimension of the patch along the tangential and/or bitangential axes is greater than maxPatchSize, then the patch is split along that direction into two parts—the first part consisting of points from the smaller (relative to the initial) patch and the second part consisting of points removed from the patch. While the newly generated smaller patch is added to the final list of patches, the points from the remaining part (which were removed due to splitting) are added back to a list of points not belonging to any patches. In subsequent iterations, these points along with other points that do not belong to any patch are reconsidered for the generation of new patches. The patch-splitting process in 2D space is shown in the flowchart in Fig. 1. 

	


	Fig. 1 The process of splitting patches. 



As an example, Fig. 2 shows the patches (texture) packed into the (texture) video frame in the anchor (a) and with patch splitting (b).                                  
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Fig. 2 Example of patch splitting. Patch packing before (a) and after (b) patch splitting for a frame of the loot sequence. The four large patches are identified (numbered 1 to 4) in (a). (b) shows the patches after splitting the four patches into smaller patches. The maxPatchSize parameter in this example was set to 512 pixels. 
Results

Tables 1 and 2 compares the actual video frame heights between the anchor and our contribution for two different values of the encoder parameter minimumImageHeight setting (using 32-frames simulation). The actual video frame height is the final height of the video frame adjusted by the TMC2 encoder if the patches cannot be fit within the minimumImageHeight frame height. The   maxPatchSize parameter was set to 512 and 1024 pixels for 10-bit and 11-bit sequences respectively. The reduction in video frame sizes is evident for patch splitting. Moreover, the percentage reduction of the video frame size is more for the 11-bit point cloud sequence compared to the 10-bit. Specifically, for the 11-bit point cloud sequences, the reduction of frame size compared to the anchor is over 40%. Furthermore, if the minimumImageHeight is set to 512, the frame size reduction for even the 10-bit sequences is between 8% and 24% for AI, and between 14% and 32% for RA.  

Table 1: Comparison of actual video frame heights between anchor and our contribution (patch splitting) when the minimumImageHeight is set per the CTC (32-frames simulation). 

	Sequence
	MinimumImageHeight 
	Actual height for anchor (AI / RA)
	Actual height for 
patch splitting (AI / RA)
	% height reduction (AI / RA)

	Loot
	1280
	1280 / 1280
	1280 / 1280
	0.0 / 0.0

	Redandblack
	1344
	1344 / 1392
	1344 / 1344
	0.0 / 3.5

	Soldier
	1280
	1280 / 1280
	1280 / 1280
	0.0 / 0.0

	Queen
	1408
	1408 / 1408
	1408 / 1408
	0.0 / 0.0

	Longdress
	1280
	1296 / 1472
	1280 / 1280
	1.2 / 13.0

	Basketball_player
	1280
	2000 / 3536
	2016 / 2544
	-0.8 / 28.1

	Dancer
	1280
	3056 / 3648
	1984 / 2160
	35.1 / 40.8


Table 2: Comparison of actual video frame heights between anchor and our contribution (patch splitting) when the minimumImageHeight was set to 512. (32-frames simulation)

	Sequence
	minimumImageHeight
	Actual height for anchor (AI / RA)
	Actual height for patch splitting (AI / RA)
	% height reduction (AI / RA)

	Loot
	512
	1024 / 1168
	944 / 1008
	7.8 / 13.7

	Redandblack
	512
	992 / 1312
	960 / 1120
	3.2 / 14.6

	Soldier
	512
	1184 / 1376
	1072 / 1104
	9.5 / 19.8

	Queen
	512
	944 / 944
	832 / 880
	11.9 / 6.8

	Longdress
	512
	1296 / 1472
	992 / 1008
	23.5 / 31.5

	Basketball_player
	512
	2000 / 3536
	2016 / 2544
	-0.8 / 28.1

	Dancer
	512
	3056 / 3648
	1984 / 2160
	35.1 / 40.8



The objective results of Anchor vs. Patch splitting for 32 frames lossy all-intra and lossy RA are shown in Table 3.a and Table 3.b respectively. The minimumImageHeight for both the Anchor and Patch splitting code was set in accordance to the CTC. The maxPatchSize as set to 512 and 1024 for 10-bit and 11-bit point clouds respectively. Please refer to the accompanying spreadsheet named “01_patchSplitting_32_frames_minimumImageHeight_CTC.xlsm” for more details. 

Table 3.a: Objective results for Anchor vs. Patch splitting lossy all-intra. minimumImageHeight = CTC (32-frames result) 
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Table 3.b: Objective results for Anchor vs. Patch splitting lossy inter-RA. minimumImageHeight = CTC, (32-frames result)
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The objective results of Anchor with miminumImageHeight = 512 vs. Patch splitting with miminumImageHeight = 512 for 32 frames lossy all-intra and lossy RA are shown in Table 4.a and Table 4.b respectively.  As before, the maxPatchSize as set to 512 and 1024 for 10-bit and 11-bit point clouds respectively. Please refer to the accompanying spreadsheet named “02_patchSplitting_32_frames_minimumImageHeight_512.xlsm” for more details.
















Table 4.a: Objective results Anchor with minimumImageHeight = 512 vs. Patch splitting lossy all-intra, minimumImageHeight = 512 (32-frames result)
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Table 4.b: Objective results for Anchor with minimumImageHeight = 512 vs. Patch splitting inter-RA, minimumImageHeight = 512 (32-frames result)  
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Conclusion
In this contribution, we demonstrated that splitting large patches can result in more compact patch packing, resulting in smaller video frame sizes compared to the anchor. The reduced frame size reduces the complexity of both the VPCC encoder and decoder. As this contribution is a simple change to the encoder, we recommend that this contribution be adopted.   
[bookmark: _GoBack]
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C2_ai — lossy geometry, lossy attribut

Geom.
Tot.Geo End-to-End BD-AttrRate [%] BD-TotalRate [%] End-to-End BD-TotalRate [%]
m bpip
Class Sequence ratio [%] ratio [pp] ratio [pp] ratio[pp] __ D1 02 luma _ Chromach Chromacr D1 02 Lluma__ Chromach _Chromacr
catzA Bivibv2_loot_vox10 1010% 0% 1% 7 ox " oo% ' oo% ' 01% ' -11% ' 26% ' 07% ' 09% ' o02% ' 05% ' 20%
Bivfby2_loot_vox10 1007% 0% 0%
Bivfby2_loot_vox10 1001% 0% 0%
Bivfby2_loot_vox10 ses% 0% 0%
Biviby2_loot_vox10 1002% 0% 0%
Bivbv_redandblack voxlC 1007% 0% 0% 0% | 13% ' 12% | 12% | 13w ' 17% | 1s% | is% | L1 | 1% | 15%
Bivbv2_redandblack voxl( 1009% 0% 0%
Bivfbv2_redandblack voxI( 1007% 0% 0%
Bivbv2_redandblack voxl( 1002% 0% 0%
Bivibv2_redandblack voxIC 1003% 0% 0%
Bivfbvzsoldier vox10 | 1007% 0% 0% ' 0% ' 10% ' 0o% ' oo0% ' o02x ' 22% ' 0s% ' 07% ' o02% ' 03% ' -14%
Bivibv2 soldier vox10 | 1007% 0% 0%
Bivfbv2 soldier vox10 | 1003% 0% 0%
Bivfbv2 soldier vox10 | 1003% 0% 0%
Bivfbv2 soldier vox10 | 1003% 0% 0%
queen 1003% 0% 0% 7 0% | 09% ' O5% | 24%  Os% | 23% | 17% ' 1a% | 22% | O5% ' 18%
queen 1002% 0% 0%
queen ses% 0% 0%
queen so6% 0% 0%
aueen 1000% 0% ox
cat2B Bivibv2_longdress vox10 | 996% 0% 0% ' 0%  ’ 00% ' 00% ' 02%  00% ' 02%  03% ' 05% ' 02% ° o00% ' o01%
8ivibv2_longdress vox10 | 995% 0% 0%
8ivibv2_longdress vox10 | 999% 0% 0%
ivibv2_longdress vox10 | 998% 0% 0%
Siviby2 longdress vox10 | 995% 0% 0%
at2-C  basketball player_voxil | 999% 0% 0% ' 0% | O1%  00% | 10%  27% | 14% | 09% ' 07% | 05% ' 17% ' 08%
basketball player vox11 | ss6% 0% 0%
basketball_player_vox11 | ss6% 0% 0%
basketball player vox11 | 897% 0% 0%
basketball player vox11 | 996% 0% 0%
dancer plaver vo1l | 970% 0% 1% 7 O% " 25% 7 26 TLCAERIT SN T 2R ] [ T een T e T ek e
dancer_player_vox11. o75% 0% 1%
dancer_player_vox11 s76% 0% 0%
dancer_player_vox11. ss3% 0% 0%
dancer_player_vox11 o75% 0% 0%
‘Cat2-A average 1003% 0% 10%  Os%  Oo% 02% 1% 12w | 12% | 0s% 0a% To%
Cat2 B average 996% 0% 00%  00% 0% 00% 02% 03%  o0s%  02% o00% 01%
Cat2Caverage o86% 0% 2% sm 8% Lan Lan e 1s% | 1s% 13% 13%
Overall average. s96% o% 03%  01%  00% 03% 03% 03%  o03%  01% 02% 02%

Avg (geometric) time [%]




image4.png
C2_ra — lossy geometry, lossy attribut
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C2_ai — lossy geometry, lossy attribut
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C2_ra — lossy geometry, lossy attribut
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