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Comments on V-PCC CD
Abstract
This document provides a Sony’s suggestion for V-PCC CD text, based on the Study of the CD [1] in Geneva.
1 Introduction
In this document we provide a list of general as well as specific comments based on [1] (CD draft version D32). This study is in addition to the latest released draft version D33 of the CD as part of the continuing study toward the improvement of the CD.
2 Suggestions for CD text
[bookmark: _GoBack]For the simplification of the text, harmonization on the geometry and the attribute as an editorial improvement, is suggested.
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9.6 Smoothing process
During the study of section 9 of the CD for smoothing process, we observed number of overlaps and commonalities between geometry and attribute smoothing including:
· Derivation of grid centers 
· Derivation of 2x2x2 neighbourhood
· Application of trilinear filtering
The text below is proposed as a way to integrate commonalities thus making the reading of the text easier and in a more compact manner. No technical change is intended, though.
9.6.1 [bookmark: _Ref529958198][bookmark: _Toc7702564]Geometry smoothing process
This process is invoked when gfp_geometry_smoothing_enabled_flag is equal to 1.
Inputs to this process are:
· the occupancy map frame, oFrame
· the patch index information from the active geometry_patch_parameter_set
· the geometry smoothing control parameters, GeometrySmoothingGridSize and gfp_geometry_smoothing_threshold
· recPCgSmIn, the container for holding the list of points in the reconstructed point cloud geometry without any attributes prior to the smoothing process.
· PointCnt, the number of points in the current reconstructed point cloud frame 
[Ed. (AMT): Should this exclude PCM coded points. It would seem so.]	Comment by Nakagami, Ohji (SONY): Agreed. Currently, by checking the patch boundary, PCM data is excluded from the smoothing process

Output to this process is:
· recPCgSmOut, the container for holding the list of points in the reconstructed point cloud geometry without any attributes after the geometry smoothing process.
First sub clause 2.2.3 is invoked to derive:
· number of center grid geometry positions, numCells.
· an array containing center grid of geometry positions, geomCenterGrid[ i ][k], for  , 
· a boolean array flag, cellDoSmoothing[ x][y][z], for all x, y, z = 0 to numCells - 1, inclusive. 
· an array, cellCount[ x ][ y] [ z ], for all x, y, z = 0 to numCells - 1, inclusive 
The points at the patch boundary are selected as specified in sub clause 2.2.4. The list of the selected points is included into an array recPCgOccEdges as follows:
	for ( i = 0; i < PointCnt ; i++ ) {
		if (recPcgInBoundaryPointType[ i ] = = 1){
			addPointToPointCloud(recPCgOccEdges, recPCgSmIn[ i ][ 3 ])
		}
	}
For each recPcgPos[ 3 ] position in the recPgOccEdges, sub clause 2.2.5 is applied to derive:
· a 2x2x2 grid neighbourhood corresponding to the current position.
·  a boolean value otherClusterPtCnt
·  the top-left corner of 2x2x2 grid, s[ i ], i = 0 to 2, inclusive.  
When the otherClusterPointCount variable is equal to 1, the centroid valCentroid[ x ][ y ][ z ][ k ]   ,  and the number of points in the 2x2x2 grid are derived, as follows:
The variable cntPt is initialized to 0 and the array 
for( k = 0; k < 3; k++ ) {
	for( dz = 0; dz < 2; dz++ ) {
		for( dy = 0; dy < 2; dy++ ) {
			for( dx = 0; dx < 2; dx++ ) {
				Ix = s[ 0 ] + dx
				Iy = s[ 1 ] + dy
				Iz = s[ 2 ] + dz
				valCentroid[ dx ][ dy ][ dz ][ k ] = cellCnt[ Ix ][ Iy ][ Iz ] > 0 ? 
							geomCenterGrid[ Ix ][ Iy ][ Iz ][ k ] : recPcgPos[ k ]
				cntPt += cellCnt[ Ix ][ Iy ][ Iz ]
			}
		}
	}
}
cntPt = cntPt / ( GridSize * GridSize * GridSize * 8 )
An 8-tap trilinear filter as described in 2.2.6 is applied to centroids, valCentroid[ x ][ y ][ z ][ k ], over the 2×2×2 neighborhood to derive the filtered point, filtOut[ k ], k = 0 to 2, inclusive.
Finally, depending on the distortion criteria shown below, filtOut[k] is added to the recPCgSmOut.
	if( otherClusterPointCount ) {
		dist2 = (recPcgPos[ 0 ] – filtOut[ 0 ])2 + (recPcgPos[ 1 ] – filtOut[ 1 ])2 
			+ (recPcgPos[ 2 ] – filtOut[ 2 ])2	
		if(dist2 * cntPt >= Max( gfp_geometry_smoothing_threshold, cntPt ) * 2) {
			pointCloudToPointCloud(recPCgSmOut, centroid)
		}
	}

9.6.2 [bookmark: _Toc6411835][bookmark: _Toc7093955][bookmark: _Toc7458643][bookmark: _Toc7459356][bookmark: _Toc7681821][bookmark: _Toc7702565][bookmark: _Ref529958204][bookmark: _Toc7702566]Attribute smoothing process
This process is invoked when afp_attribute_smoothing_enabled_flag[ aIdx ] is equal to 1, where aIdx is the attribute index.
Inputs to this process are:
· an occupancy map corresponding to the current point cloud frame at nominal resolution, oFrame,
· an attribute index, aIdx,
· number of components, numComps, corresponding to the attribute index aIdx,
· an attribute smoothing control parameter set, afp_attribute_smoothing_grid_size[ aIdx ], afp_attribute_smoothing_threshold[ aIdx ], afp_attribute_smoothing_threshold_local_entropy[ aIdx ], afp_attribute_smoothing_threshold_variation[ aIdx ], and afp_attribute_smoothing_threshold_difference[ aIdx ]
· [bookmark: _Hlk12808311]an array containing reconstructed attribute values for attribute index aIdx, recPCAttrSmIn[ aIdx ][ i ][ j ], , , 
· an array containing reconstructed (possibly smoothed) reconstucted positions, recPCGeomSmOut[ i ][ j ],  , and
· patch index information corresponding to each point in recPCGeomSmOut
Output of this process is:
· an array containing reconstructed smoothed attribute values for attribute index aIdx, recPCAttrSmOut[ aIdx ][ i ][ j ], , .
The variable GridSize is set to AttributeSmoothingGridSize[ aIdx ].
Number of cells, numCells, and the arrays of attrCenterGrid[ i ] and cellDoSmoothing[ x ][ y ][ z ], for i = 0 to numCells -1, inclusive, are derived as described in 2.2.3.2:
 for i = 0 to ( PointCnt – 1 ), inclusive, the following applies:
· otherClusterPtCnt is set equal to 0.
To determine the points at the patch boundary, clause 2.2.4 is invoked to produce an array recPCBoundary[ idx ], , which identifies whether each point from recPCGeomSmOut is a boundary point.
for i = 0 to ( PointCnt – 1 ), inclusive, the following applies:
· If recPCBoundary[ i ] is equal to 1 the following steps are performed:
· Variables pointGeom[ j ], j in the range of 0 to 2, inclusive, and pointAttr[ k ], k in the range of 0 to ( numComps – 1), inclusive, are defined as follows:
			for( j = 0; j < 3 ; j++ )
				pointGeom[ j ] = recPCGeomSmOut[ i ][ j ]
			for( k = 0; k < numComps ; k++ )
				pointAttr[ k ] = recPCAttrSmIn[ aIdx ][ i ][ k ]

      sub clause 2.2.5 is applied to derive:
·  a 2x2x2 grid neighbourhood corresponding to the current position, pointGeom[ i ]
· the top-left corner of 2x2x2 grid,  s[  i ],
· the2x2x2 grid position associated with the current position, t[ i ],  i = 0 to 2, inclusive
·  a boolean value otherClusterPtCn  
    If otherClusterPtCnt is equal to 1, the following applies:
· The variation of attribute in the 2×2×2 cell neighbourhood of the current cell is determined as follows:
		The isOriginalCell array for the 2×2×2 cell neighbourhood is determined as follows:
				for( dx = 0; dx < 2; dx++ )
					for( dy = 0; dy < 2; dy++ )
						for( dz = 0; dz < 2; dz++ ) {
							xIdx = s[ 0 ] + dx
							yIdx = s[ 1 ] + dy
							zIdx = s[ 2 ] + dz
							if( ( xIdx == t[0] ) && ( yIdx == t[1] ) && ( zIdx == t[2] ) ) {
								isOriginalCell[ dx ][ dy ][ dz ] = 1
								for( k=0; k < numComps; k++ )
									currAttr[ k ] =  pointAttr[ k ]
								if( abs( meanLuma[ xIdx ][ yIdx ][ zIdx ] − medianLuma[ xIdx ][ yIdx ][ zIdx ] )
										<= afp_attribute_smoothing_threshold_variation[ aIdx ] ) {
									lumaOrig = centroidLuma[ xIdx ][ yIdx ][ zIdx ]
									for( k=0; k < numComps; k++ )
										attrCentroid[ dx ][ dy ][ dx ][ k ] = attrCenterGrid[ xIdx ][ yIdx ][ zIdx ][ k ]
								} else {
									lumaOrig = 0.2126 * currAttr[ 0 ] + 0.7152 * currAttr[ 1 ] +
																				0.0722 * currAttr[ 2 ]
									for( k=0; k < numComps; k++ )
										attrCentroid[ dx ][ dy ][ dx ][ k ] = currAttr[ k ]
									}
							}
							else
								isOriginalCell[ dx ][ dy ][ dz ] = 0
						}
· The variation in attribute values within a cell and difference between luma centroid values of the original cell and neighboring cells is determined as follows:
				for( dx = 0; dx < 2; dx++ )
					for( dy = 0; dy < 2; dy++ )
						for( dz = 0; dz < 2; dz++ ) {
							xIdx = s[ 0 ] + dx
							yIdx = s[ 1 ] + dy
							zIdx = s[ 2 ] + dz
							if( isOriginalCell[ dx ][ dy ][ dz ] == 0 )
								if( cellCnt[ xIdx ][ yIdx ][ zIdx ] > 0 ) {
									for( k=0; k < numComps; k++ )
										attrCentroid[ dx ][ dy ][ dx ][ k ] = attrCenterGrid[ xIdx ][ yIdx ][ zIdx ][ k ]
									lumaN = centroidLuma[ xIdx ][ yIdx ][ zIdx ]
									diff = abs( lumaOrig – lumaN )
									var = meanLuma[ xIdx ][ yIdx ][ zIdx ] − medianLuma[ xIdx ][ yIdx ][ zIdx ]
									if( ( diff  > afp_attribute_smoothing_threshold_difference[ aIdx ] ) ||
											( abs( var ) > afp_attribute_smoothing_threshold_variation[ aIdx ] ) )
										for( k=0; k < numComps; k++ )
											attrCentroid[ dx ][ dy ][ dx ][ k ] = currAttr[ k ]
								} else {
										for( k=0; k < numComps; k++ )
											attrCentroid[ dx ][ dy ][ dx ][ k ] = currAttr[ k ]
								}
						}
· an 8-tap trilinear filter is applied to the attribute centroids, attrCentroid[ x ][ y ][  z ][ k ] , ,  in the 2×2×2 neighborhood as described in 2.2.6 is applied:
· if the following distortion criteria are satisfied, the output of the tri-linear filter will be added to the recPCaSmOut.
· the variable distToCentroid2 defined as abs(Ycell - Ycur) * 10 is greather than afp_attribute_smoothing_threshold_smoothing[ aIdx ], where Ycell and Ycur are the luma values of the centroid of points in the current cell (attrCentroid) and the current point (pointAttr), respectively.
· the entropy of the luma values in the cell that contains the current entry from recPCAttrSmIn is less than afp_attribute_smoothing_threshold_local_entropy[ aIdx ]. The luma entropy of the points in a cell is computed as follows:

where  denotes the probability of luma taking the value i and  denotes the luma entropy in the cell. The probability is computed from the distribution of luma values in the range of 0 to 255 in the cell that contains the current entry from recPCAttrSmIn.

9.6.3 Identification of Center Grid
9.6.3.1 Identification of Geometry Center Grid
Inputs to this process are:
· an array containing reconstructed positions, recPCGeom[ i ],  
· patch index information corresponding to each point in recPCGeom[i].
· GridSize, indicating the smoothing grid size 
Output of this process are:
· a value, numCells, that specifies the number of cells in each direction ( x, y, or z )	Comment by Tabatabai, Ali: Instead of calling “cells”, is it better to use “grids” i.e. numGrids etc?
· an array containing reconstructed center grid geometry positions, geomCenterGrid[ i ][k],  
· Arrays containing boolean flag, cellDoSmoothing[ x][y][z]) and cellCount[ x][y]z] for all x, y, z = 0 to numCells - 1, inclusive. 
The three-dimensional geometry coordinate space is divided into cells of size GridSize × GridSize × GridSize. The variable NumCells is derived as follows: 
for(k = 0; k < 3; k++) 
        maxRecPCg[ k ] = minRecPCg [k] = recPCGeom[ 0 ][ k ]
for( I = 1; i < pointCnt ; i++ ) {
        for( k= 0; k < 3 ; k++ ) {
	    maxRecPCg[ k ] = Max(maxRecPCg[ k ], recPCGeom[ i ][ k ])
	    minRecPCg[ k ] = Min(minRecPCg[ k ], recPCGeom[ i ][ k ])
                bb[ k ] = maxrecPCg[ k ] – minrecPCg[ k ]
	}
}
numCells = ( Max( bb[ 0 ], Max( bb[ 1 ], bb[ 2 ] ) ) + GridSize − 1 ) / GridSize
The arrays cellDoSmoothing[ x ][ y ][ z ], cellCnt[ x ][ y ][ z ], cellPatchIndex[ x ][ y ][ z ], and geomCenterGrid[ x ][ y][ z][k] are initialized to 0 for all x, y and z in the range of 0 to (numCells − 1), inclusive and k in the range of 0 to 2, inclusive.
for i = 0; to (pointCnt – 1) inclusive, the following is applied:
The variables xIdx, yIdx, and zIdx are derived as follows:
	xIdx = (recPCGeom[ i] [ 0 ] / GridSize) 
	yIdx = (recPCGeom[ i ][ 1 ] / GridSize) 
	zIdx = (recPCGeom[ i ][ 2 ] / GridSize) 
The arrays cellDoSmoothing[xIdx ][yIdx ][zIdx ], cellCnt[ xIdx][ yIdx][ zIdx], and cellPatchIndex[xIdx ][yIdx ][ zIdx] are derived as follows:
[bookmark: _Hlk12631514]if cellCnt[ xIdx ][ yIdx ][ zIdx] is equal to 0, cellPatchIndex[ xIdx ][ yIdx][ zIdx] is set to the patch index of the patch that the current point belongs to.	Comment by Nakagami, Ohji (SONY): [Ed. (AMT): I assume this wants to say the "patch index of the patch that the current point belongs to"?]
Thanks. Reflected.
Otherwise, if cellDoSmoothing[ xIdx ][ yIdx ][ zIdx ] is 0 and cellPatchIndex[ xIdx ][ yIdx ][ zIdx] is not equal to the patch index that the current point recPCGeom[i] belongs to, cellDoSmoothing[ xIdx][ yIdx ][ zIdx ] is set to 1.
Apply the following steps:
for( k = 0; k < 3 ; k++ )
	geomCenterGrid[ xIdx ][ yIdx][ zIdx ][ k ] += recPCGeom[i][ k ];
 cellCnt[ xIdx ][ yIdx ][ zIdx ]++
for each xIdx, yIdx and zIdx where cellCnt[ xIdx][ yIdx ][ zIdx ] is greater than 0, the following processes are performed for geometry.
for( k = 0; k < 3 ; k++ )
	geomCenterGrid[ xIdx ][ yIdx ][ zIdx][ k] = geomCenterGrid[ xIdx ][ yIdx ][ zIdx ][ k ] / cellCnt[ xIdx][ yIdx ][ zIdx ]
9.6.3.2 Identification of Attribute Center Grid
inputs to this process are:
· an array containing reconstructed positions, recPCGeom[ i ],  
· a value, aIdx, specifying the index of the attribute
· an array containing reconstructed attributes, recPCAttr[aIdx][ i ],  
· a value, numComps, indicating number of attribute components 

Outputs of this process are: 
· an array containing reconstructed center grid attribute values, attrCenterGrid[ i ][k], 
· an array containing reconstructed center grid mean luma values, meanLuma[ i ], 
· an array containing reconstructed center grid luma median values, attrMean[ i ][k], .
attrCenterGrid[x][y][z][m],  meanLuma[x[y][z] are initialized to 0 for all x, y and z in the range of 0 to (numCells − 1), inclusive and m in the range of 0 to numComps – 1, inclusive. 
Apply 2.2.3.1 to obtain The arrays cellDoSmoothing[ x ][ y ][ z ], cellCnt[ x ][ y ][ z ], cellPatchIndex[ x ][ y ][ z ] for all x, y and z in the range of 0 to (numCells − 1), inclusive.
	for i = 0; to (pointCnt – 1) inclusive, apply, the following:
	The variables xIdx, yIdx, and zIdx are derived as follows:
		xIdx = (recPCGeom[ i] [ 0 ] / GridSize) 
		yIdx = (recPCGeom[ i ][ 1 ] / GridSize) 
		zIdx = (recPCGeom[ i ][ 2 ] / GridSize) 
If cellDoSmoothing[ xIdx ][ yIdx ][ zIdx ] is equal to 1, do the following:
    for( k = 0; k < numComps ; k++ )
	   attrCenterGrid[ xIdx ][ yIdx ][ zIdx ][ k ] += recPCAttr[aIdx][i][ k ];
[Ed. (RJ): The division by cellCnt should be in floating point arithmetic.]
If cellCnt[ x ][ y ][ z ] is greater than 0 for x, y, z in the range 0 to (numCells −1), inclusive, the mean and median luma values of attribute with index aIdx, for points belonging to that cell are calculated and assigned to arrays meanLuma[ x ][ y ][ z ] and medianLuma[ x ][ y ][ z ], respectively. Also, the luma value of attrCenterGrid is assigned to centroidLuma[ x ][ y ][ z ].
[Ed. (RJ): It should be clarified how the median is calculated for even number of samples.]
[AJT: need to add median calculation. Also what is the difference between meanLuma and centroidLuma? 
In case of color attribute, determine the luma value corresponding to attribute value, attrValue[ k ], , as follows:	Comment by Tabatabai, Ali: Generalization for other attributes needed!
                      lumaValue=0.2126 * recPCAttr[aIdx][ 0 ]+0.7152 * recPCAttr[aIdx][ 1 ] + 0.0722 * recPCAttr[aIdx] [ 2 ];
	              meanLuma[ xIdx ][ yIdx ][ zIdx ] += lumaValue;
Derive attribute center grids.
  for( k = 0; k < numComps ; k++ )
	attrCenterGrid[ xIdx ][ yIdx ][zIdx ][ k] = attrCenterGrid[ xIdx ][ yIdx ][ zIdx ][ k ] / cellCnt[ xIdx ][ yIdx ][ zIdx ]
[bookmark: _Ref529949437][bookmark: _Toc7702567]        meanLuma[ xIdx ][ yIdx ][zIdx ] = meanLuma[ xIdx ][ yIdx ][ zIdx ] / cellCnt[ xIdx ][ yIdx ][ zIdx ]
9.6.4 Identification of Boundary Points
No change
9.6.5 Identification of 2x2x2 Cell for a Given Point Position
Inputs to this process re:
· current point position, pointGeom[k], k = 0 to 2, inclusive.
· array containing boolean flags, cellDoSmoothing[ x][y][z]) for all x, y, and z = 0 to numCells - 1, inclusive.
Output of this process are:
· a boolean value, otherClusterPtCnt.
· an array containing the top-left corner of 2x2x2 grid, s[ i ], i = 0 to 2, inclusive.
· an array containing ], the2x2x2 grid position associated with the current position, t[ i ], i = 0 to 2, inclusive.

for each pointGeom[k]
for( k = 0; k < 3 ; k++ ) {
	t[ k ] = ( pointGeom[ k ] / GridSize )
	s[ k ] = t[ k ] + ( ( ( pointGeom[ k ] % GridSize ) < ( GridSize / 2 ) ) ? –1 : 0 )
}

	otherClusterPtCnt = 0
	for( dx = 0; dx < 2; dx++ ) {
		for( dy = 0; dy < 2; dy++ ) {
			   for( dz = 0; dz < 2; dz++ ) {
					xIdx = s[ 0 ] + dx
					yIdx = s[ 1 ] + dy
					zIdx = s[ 2 ] + dz
							      otherClusterPtCnt = otherClusterPtCnt | doSmoothing[ xIdx ][ yIdx ][ zIdx ]
				}
			}
		}
9.6.6 Trilinear Filtering
Inputs to this process re:
· a 3D point position, pointGeom
· number of components, numComps
· an array, valCentroid[ x ][ y ][ z ][ k ] for all (x, y, z) = 0 to 1, inclusive and k = 0 to numComps - 1, inclusive.
Output of this process are:
· a 3D filtered value filtOut[ k ] for k = 0 to numComps – 1, inclusive.
· the weights for trilinear filtering are calculated as follows:
				for( k = 0; k < 3 ; k++ ) {
					w[k][1] = ( pointGeom[ k ] – s[ k ] * GridSize – (GridSize >> 1) )  << 1 + 1
					w[k][0] = ( (GridSize  << 1) – w[ k ][1] )
				}
				for( k = 0; k < numComps; ++) {
					filtOut[ k ] = 0
					for( dx = 0; dx < 2; dx++ )
						for( dy = 0; dy < 2; dy++ )
							for( dz = 0; dz < 2; dz++ )
								filtOut[ k ] += w[ 0 ][ dx ] * w[ 1 ][ dy ] * w[ 2 ][ dz ]*
																		* valCentroid [dx ][ dy ][ dz ][ k ]
					filtOut[ k ] /= ( 8 * GridSize * GridSize * GridSize )
				}

3 Conclusion
In this document we have identified certain editorial issues with current CD [1] and propose accordingly solutions to address these issues for further discussions and clarifications during the meeting.
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