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Abstract
Low complexity geometry smoothing [1] and low complexity color smoothing [2] have been adopted into the V-PCC Test Model. These tools split the input point cloud into a 3D grid and the centroids for the cells are computed to be used in the smoothing process. In the V-PCC Test Model, memory is allocated to store the parameters of the smoothing process for all the grid cells. Since many cells do not contain a boundary point nor neighbor a cell with a boundary point, they are not used in the smoothing process. As such, a significant amount of the allocated memory is wasted. 
This contribution proposes to allocate memory to the grid cells that will be used in the smoothing process. As a result, the allocated memory will significantly be reduced by around 80%. 
[bookmark: _GoBack]In addition, we have replaced “double” format for cell centroids with “float” and also for cell counts from “int” format to 16-bit unsigned integer and observed 0.0% loss. This results in around 10% reduction in the allocated memory.
  
Proposal
Reducing allocated memory to the parameters of grid cells
In grid-based smoothing, memory is allocated to the parameters of grid cells. Depending on the grid size, the allocated memory would vary. However, in the V-PCC Test Model, the allocated memory for some of the parameters of grid cells is too much and can be reduced with almost no loss in the objective results. For instance, the centroids of cells are stored in “double” format which is not fully used. We have changed the data format for the cell centroids to “float” format, and for cell count from “int” format to 16-bit unsigned integer with almost no loss in the objective results.
Table 1 and Table 2 show the objective results from 32-frame simulations for grid-based geometry smoothing and grid-based color smoothing respectively where the data format for grid centroids has been changed to “float” and for the grid count (i.e. number of points in each grid) has been changed from “int” to 16-bit unsigned integer. 
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Table 1. RD results of modified-memory grid-based geometry smoothing versus TMC2v8.0: All Intra (left), Random Access (right)
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Table 2. RD results of modified-memory grid-based color smoothing versus TMC2v8.0 (color smoothing enabled): All Intra (left), Random Access (right)
As shown in the Tables above, there is no loss as a result of the data format change. However, for grid-based geometry smoothing, the objective results for the anchor and the modified memory geometry smoothing are not bit-exact match and the difference for all metrics is less than 2e-5. For grid-based color smoothing, the results (anchor versus modified memory color smoothing) are bit-exact match.
Reduced-memory grid smoothing using boundary cells
As mentioned earlier, in grid-based smoothing, an input point cloud is split into a 3D grid and memory is allocated to store the parameters of grid cells (i.e. centroid, grid count, etc.). Smoothing is performed on points near patch boundaries (i.e. boundary points). Since many cells do not contain a boundary point nor neighbor a cell with a boundary point, they are not used in the smoothing process. As such, a significant amount of the allocated memory is wasted. Our experiment on various point cloud sequences show that the percentage of the cells that will be used in grid-based smoothing is less than 1% of the total number of cells. Table 3 shows the maximum percentage of the boundary cells over 32 frames for All Intra coding configuration (for grid size = 8). The percentage of the boundary cells for Random Access coding configuration is very similar to the All Intra results.

















	Sequence
	Rate
	Total number of cells
	Maximum number of boundary cells
	Percentage of boundary cells

	loot
	R1
	1953125
	9442
	0.48%

	loot
	R2
	1953125
	9348
	0.48%

	loot
	R3
	1953125
	9265
	0.47%

	loot
	R4
	1953125
	9263
	0.47%

	loot
	R5
	1953125
	9470
	0.48%

	redandblack
	R1
	1906624
	11765
	0.62%

	redandblack
	R2
	1906624
	11878
	0.62%

	redandblack
	R3
	1906624
	11639
	0.61%

	redandblack
	R4
	1906624
	11768
	0.62%

	redandblack
	R5
	1906624
	11765
	0.62%

	soldier
	R1
	2097152
	16774
	0.80%

	soldier
	R2
	2097152
	16587
	0.79%

	soldier
	R3
	2097152
	16370
	0.78%

	soldier
	R4
	2097152
	16333
	0.78%

	soldier
	R5
	2097152
	16417
	0.78%

	queen
	R1
	1860867
	12751
	0.69%

	queen
	R2
	1860867
	12464
	0.67%

	queen
	R3
	1860867
	12217
	0.66%

	queen
	R4
	1860867
	12178
	0.65%

	queen
	R5
	1860867
	12405
	0.67%

	longdress
	R1
	2048383
	10623
	0.52%

	longdress
	R2
	2048383
	10435
	0.51%

	longdress
	R3
	2048383
	10308
	0.50%

	longdress
	R4
	2048383
	10329
	0.50%

	longdress
	R5
	2048383
	10279
	0.51%

	basketball_player
	R1
	12977875
	23584
	0.18%

	basketball_player
	R2
	12977875
	23313
	0.18%

	basketball_player
	R3
	12977875
	23160
	0.18%

	basketball_player
	R4
	12977875
	23090
	0.18%

	basketball_player
	R5
	12977875
	23043
	0.18%

	dancer_player
	R1
	12008989
	23584
	0.20%

	dancer_player
	R2
	12008989
	23313
	0.19%

	dancer_player
	R3
	12008989
	23160
	0.19%

	dancer_player
	R4
	12008989
	23090
	0.19%

	dancer_player
	R5
	12008989
	23043
	0.19%



Table 3. Maximum percentage of boundary cells over 32 frames for All Intra coding configuration.

We propose to allocate memory only to the grid cells that will be used in the smoothing process (i.e. cells with a boundary point or neighbor of a cell with a boundary point). These cells are dubbed as boundary cells. As a result, the allocated memory will significantly be reduced by around 90%.
In the proposed method, the cells that contain the boundary points and their neighboring cells are identified. Then a tri-linear filter is applied to the centroids of each boundary cell and its surrounding cells to find the smooth geometry for each boundary point. In contrast with the TMC2 grid-based geometry smoothing, in the proposed method the centroid is computed and stored only for boundary cells. As such, the memory which is used to store the centroids will be reduced drastically. Figure 1 shows a process flow for the reduced-memory grid-based smoothing method.
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Figure 1. Process flow for reduced-memory grid-based geometry smoothing method. 

Memory analysis 
In grid-based geometry smoothing, memory is allocated for the parameters of each grid cells as follows (assuming that data format for grid centroids and grid counts have been changes to “float” and 16-bit unsigned integer respectively:

geoSmoothingCount:           2 bytes   
geoSmoothingCenter:         3*4 bytes 
geoSmoothingDoSmooth:  1 byte
geoSmoothingPartition:     4 bytes

The total amount of allocated memory will be:

Anchor: ( 2 + 3*4 + 1 + 4 ) * ( w * w * w ) = 19 * ( w * w * w )  bytes; w is the grid width.

In the proposed method, the memory is allocated as follows:

cellIndex:  4 bytes (index defined for all the cells in the grid)
The following parameters are defined only for boundary cells:
geoSmoothingCount:           2 bytes   
geoSmoothingCenter:         3*4 bytes 
geoSmoothingDoSmooth:  1 byte
geoSmoothingPartition:     4 bytes
Proposed method: ( 2 + 3*4 + 1 + 4  ) * numBoundaryCells  +  4 * ( w * w * w )  
= 19 * numBoundaryCells  + 4 * ( w * w * w )  bytes, numBoundaryCells is the number of boundary cells

Since the number of boundary cells is much less than the total number of cells, the allocated memory in the proposed method would be around 20% of the anchor’s. Table 4 and Table 5 show the allocated memory in the anchor and proposed method for All Intra and Random Access configurations. The results for the proposed method are the maximum allocated memory over 32 frames. 


	Sequence
	Anchor
	Proposed method 
	Percentage

	loot
	37109375
	7992430
	   21.54%

	redandblack
	    36225856
	     7852178
	   21.68%

	soldier
	    39845888
	     8707314
	   21.85%

	queen
	    35356473
	     7685737
	   21.74%

	longdress
	    38919277
	     8395369
	   21.57%

	basketball_player
	  246579625
	    52359596
	   21.23%

	dancer_player
	  228170791
	    48494939
	   21.25%



Table 4. Percentage of the allocated memory to the proposed method for All Intra configuration.


	Sequence
	Anchor
	Proposed method 
	Percentage

	loot
	37109375
	7994140
	  21.54%

	redandblack
	    36225856
	     7854040
	   21.68%

	soldier
	    39845888
	     8712501
	   21.87%

	queen
	    35356473
	     7688340
	   21.75%

	longdress
	    38919277
	     8396034
	   21.57%

	basketball_player
	  246579625
	    52361268
	   21.24%

	dancer_player
	  228170791
	    48495376
	   21.25%



Table 5. Percentage of the allocated memory to the proposed method for Random Access configuration.

Results

Table 6 and Table 7 show the 32-frame objective results for the reduced memory geometry smoothing and reduced memory color smoothing. The anchor is TMC2v8.0 where color smoothing is enabled for comparison against reduced memory color smoothing.  In order to make a fair comparison, in both anchor and the proposed method the grid centroids are stores in “float” and grid counts are stored in 16-bit unsigned integer.
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Table 6 – RD results of the reduced-memory geometry smoothing method versus TMC2v8.0: All Intra (left), Random Access (right)
[image: ]
Table 7 – RD results of the reduced-memory color smoothing method versus TMC2v8.0 (color smoothing enabled): All Intra (left), Random Access (right)
The results for both geometry smoothing and color smoothing are bit-exact match with the anchor’s. 
Conclusion
This contribution reports a reduced-memory grid smoothing technique. Without loss in the objective scores, this technique reduces the required memory for grid smoothing by around 80%. Based on the results provided in this document, Samsung recommends this technique be adopted into V-PCC. 
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