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Introduction
During MPEG128 meeting, the group agreed to adopt contribution [m51023] proposing to move attribute transfer before geometry smoothing encoder-side, therefore having attribute transfer optionally applied after the geometry-smoothing decoder-side. The workflow adjustment proposed in [m50827] enables several geometry smoothing techniques to be flexibly carried in the V-PCC codec with little impact on Rec0 quality.
Proposal
It was asserted during CE2.17 that both grid-based geometry smoothing and patch border filtering have merits. It is proposed to include Patch Border Filtering -- PBF -- (CE2.17) parameters within the smoothing SEI message of [m50827], alternatively to grid-based geometry smoothing. Specification of PBF, ready for inclusion in V-PCC latest DIS draft text, is provided in this document as well. 

Proposed syntax
	geometry_smoothing ( payloadSize  ) {
	Descriptor

		gs_geometry_smoothing_id
	ue(v)

		gs_geometry_smoothing_cancel_flag
	u(1)

		if( !gs_geometry_smoothing_cancel_flag ) {
	

			gs_smoothing_persistence_flag
	u(1)

			gs_smoothing_enabled_flag
	u(1)

			if( gs_smoothing_enabled_flag ) {
	

				gs_smoothing_method_type
	ue(v)

				if (gs_smoothing_method_id = = 0 ) {
	u(1)

					gs_smoothing_grid_size_minus2
	u(7)

					gs_smoothing_threshold
	u(8)

				}
	

				else if ( gs_smoothing_method_id = = 1) {
	

					gs_pbf_log2_threshold_minus1
	u(2)

					gs_pbf_passes_count_minus1
	u(2)

					gs_pbf_filter_size_minus1
	u(3)

				}
	

			}
	

		}
	

	}
	



Proposed semantics:

gs_smoothing_method_id specifies the method utilized for smoothing the decoded geometry frame. Values greater than 1 are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore all geometry smoothing SEI messages that contain a value of gs_smoothing_method_id greater than 2 and bitstreams shall not contain such values.
NOTE -  A gs_smoothing_method_id of 0 corresponds to a grid-based geometry smoothing and a gs_smoothing_method_id of 1 corresponds to a patch border filtering. 

	Value
	Interpretation

	0
	Grid based geometry smoothing

	1
	Patch border filtering




gs_pbf_log2_threshold_minus1 plus 1 specifies the value of the variable PbfThreshold used in patch border filtering process, as follows:
PbfThreshold = 2gs_pbf_log2_threshold_minus1 + 1
The value of pbf_log2_threshold shall be in the range of 0 to 3, inclusive.

gs_pbf_passes_count_minus1 plus 1 specifies the value of the variable PbfIter used in patch border filtering process, as follows:
PbfIter = gs_pbf_passes_count_minus1 + 1
The value of gs_pbf_log2_passes_count_minus1 shall be in the range of 0 to 3, inclusive.

gs_pbf_filter_size_minus1 plus 1 specifies the value of the variables WindowsSizeX and WindowSizeY used in patch border filtering process, as follows:
WindowSizeX = gs_pbf_filter_size_minus1 + 1
WindowSizeY = Floor( WindowSizeX / 2 )
The value of gs_pbf_log2_fiter_size_minus1 shall be in the range of 0 to 6, inclusive.

Proposed reconstruction

9.4.9 Conversion from 3D point position to patch coordinates and depth
The inputs to this process are:
· a vector, pos, of dimension 3,
· patch index p.
The output of this process are: 
· patch coordinates (u, v) ,
· depth value D.

The following steps apply:
· u =  ( pos[ PatchAxisX[ p ] ] / PatchLod[ p ]  ) - Patch3dShiftX[ p ] 
· v = ( pos[ PatchAxisY[ p ] ] / PatchLod[ p ]  ) - Patch3dShiftY[ p ] 
The depth D corresponding to the normal axis is derived as follows:
If PatchProjectionMode[ p ] is equal to 0,
	D = ( pos[ PatchAxisZ[ p ] ] / PatchLod[ p ]   ) - Patch3dShiftMinZ[ p ] 
Otherwise ( PatchProjectionMode[ p ] is equal to 1 )
	D = Patch3dShiftMinZ[ p ]   - ( pos[PatchAxisZ[ p ] ] / PatchLod[ p ] )  
9.4.10 Resize 3D bounding box
The input of this process is:
· a vector, pos, of dimension 3.
The output of this process is: 
· updated bounding box, boundingBox

The bounding box is a cubic space in 3D defined by two 3D points: boundingBoxMin[3] and boundingBoxMax[3] which values are respectively initialized to: {+inf; +inf; + inf} and { 0; 0; 0}. 
One point is added to the bounding box by updating the positions of the two bounding box points defining the bounding box with the following steps: 
    if ( boundingBoxMin[0] > pos[0] ) boundingBoxMin[0] = pos[0]
    if ( boundingBoxMin[1] > pos[1] ) boundingBoxMin[1] = pos[1]
    if ( boundingBoxMin[2] > pos[2] ) boundingBoxMin[2] = pos[2] 
    if ( boundingBoxMax[0] < pos[0] ) boundingBoxMax[0] = pos[0]
    if ( boundingBoxMax[1] < pos[1] ) boundingBoxMax[1] = pos[1] 
    if ( boundingBoxMax[2] < pos[2] ) boundingBoxMax[2] = pos[2] 

9.6.5 Patch Border Filtering
Inputs to this process are:
· OFrame[ y ][ x ], the occupancy map corresponding to the current point cloud frame at nominal resolution, where y = 0..asps_frame_height – 1, x = 0..asps_frame_width – 1.
· GFrame[ 0 ][ y ][ x ], the first map of the decoded geometry frames at nominal resolution, where y = 0..asps_frame_height – 1, x = 0.. asps_frame_width – 1.
· the index of the patch, p.
Outputs to this process are:
· updated OFrame[ y ][ x ], the updated occupancy map corresponding to the current point cloud frame at nominal resolution, where y = 0..asps_frame_height – 1, x = 0..asps_frame_width – 1.
This clause is invoked when pbf_patch_border_filtering_enabled_flag is equal to 1.
First, boundary points of patches and neighbouring patches are determined as follows:
· Clause 9.6.4 is invoked with OFrame[ y ][ x ] and p as inputs. The output is a container recPCboundaryPointType holding the list of patch boundary type for the reconstructed point cloud.
· For p = 0 .. AtlasTotalNumberOfPatches[ OrdIdx ] − 1, the following applies:
· For u = 0..Patch2dSizeX[ p ] − 1, v = 0..Patch2dSizeY[ p ] – 1, the following ordered steps applies:
1. The conversion of patch coordinates to atlas coordinates as specified in clause 9.4.5 is invoked with patch coordinates (u, v), and patch index p, as inputs and atlas coordinates (x, y) as output.
2. The 3D coordinates corresponding to the point from recPCboundaryPointType that is marked as located near a patch boundary is reconstructed with patch coordinates ( u, v ) are derived by invoking clause 9.4.6 with ( u, v ), ( x, y ), p, mapIdx, and GFrame as inputs. The output is a vector, pos of size 3, containing the (x, y, z) coordinates of the point.
3. The point is added to the 3D boundary points list borderPoints[ p ] of size borderPointsSize[ p ] and the border bounding box borderBoundingBox[ p ] is updated by invoking clause 9.4.10 with the (x, y, z) coordinates of the added point as input and updated borderBoundingBox[ p ] as output.
· For p = 0 .. AtlasTotalNumberOfPatches[ OrdIdx ] − 1, the following applies:
· Determine the patches different from patch p which bounding box intersects patch p bounding box and add these patches index to neighbouringPatches[ p ] of size neighPatchesSize[ p ], the list of neighbouring patches for a patch of index p.
Then, the depth of the 3D border points of the boundary patches of patch p is determined as follows:
· For p = 0.. AtlasTotalNumberOfPatches[ OrdIdx ] − 1, q = 0..neighPatchesSize[ p ] − 1,
b = 0..borderPointsSize[ q ]
· if b belongs to borderBoundingBox[ p ], the following ordered steps apply:
1. The conversion of the coordinates of 3D point position to patch coordinates and depth as specified in clause 9.4.9 is invoked with 3D point b of coordinates stored in vector pos of size 3 projected on patch of index p as inputs and patch coordinates (u, v) and depth borderPointDepth as output.
2. The conversion of patch coordinates to atlas coordinates as specified in clause 9.4.5 is invoked with patch coordinates (u, v), and patch index p, as inputs and atlas coordinates (x, y) as output.
3. if abs( borderPointDepth - GFrame[ 0 ][ y ][ x ] ) < PbfThreshold
· neighbourDepth[ p ][ y ][ x ] = borderPointDepth
Then, the occupancy map is eroded as specified by the following steps:
· An image oPbfFrame is copied from OFrame and initialized to 0 
· For p = 0.. AtlasTotalNumberOfPatches[ OrdIdx ] − 1, iter = 0..PbfIter − 1, u = 0..Patch2dSizeX[ p ] − 1, v = 0..Patch2dSizeY[ p ] – 1, the following applies:
· The conversion of patch coordinates to atlas coordinates as specified in clause 9.4.5 is invoked with patch coordinates (u, v), and patch index p, as inputs and atlas coordinates (x, y) as output.
· If OFrame[ y ][ x ] is not equal to 0, the following ordered steps apply:
1. The variable countNeighbour is derived as follows:
countNeighbor = OFrame[ y ][ x − 1 ] + OFrame[ y ][ x + 1 ] + OFrame[ y − 1 ][ x ] + OFrame[ y + 1 ][ x ]
2. The variable countNeighbour is evaluated and the patch border filtering applies as follows:
· if coutNeighbour is equal to 0, oPbfFrame[ y ][ x ] is set equal to 0.
· else if countNeighbour is less than 4, the following ordered steps apply:
i. The variable boundaryOrientation is derived as follows:
boundaryOrientation = orientationArray[ (OFrame[ y − 1 ][ x − 1 ]<<7) |
	 (OFrame[ y − 1 ][ x ]<<6) | OFrame[ y − 1 ][ x + 1 ]<<5) | (OFrame[ y ][ x − 1]<<4) |
	 (OFrame[ y ][ x+1 ]<<3) |(OFrame[ y + 1 ] [ x − 1 ]<<2) | (OFrame[ y + 1 ][ x ]<<1) |
	(OFrame[ y + 1][ x + 1 ]) ]
where orientationArray is defined as follows:
orientationArray = { 0,0,6,0,0,0,0,6,4,0,0,5,0,0,0,5,0,0,0,0,0,0,7,7,0,0,0,0,0,0,0,6,0,0,0,0,0,0,0,0,0,4,0,5,0,0,0,5,
0,0,0,0,0,0,7,0,0,0,0,0,0,0,0,5,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,3,3,0,4,3,0,0,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,5,0,0,0,0,
0,0,0,0,0,0,7,7,0,0,0,0,0,0,0,7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,6,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0,1,0,0,7,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,3,3,0,3,0,0,0,4,
1,0,0,0,1,0,1,0,2,3,0,0,1,2,0,0}

ii. The vectors vX and vY are derived as follows:
vX = vectorOrientation[ orientationArray ]
vY = vectorOrientation[ (orientationArray + 2) % 8 ]
where vectorOrientation is defined as follows:
vectorOrientation[ 8 ][ 2 ] ={ {1,0}, {1,1}, {0,1}, {-1,1}, {-1,0}, {-1,-1}, {0,-1}, {1,-1} }

iii. The variables sumP, sumE and windowCount are initialized to 0
iv. For xW = −WindowSizeX..WindowSizeX,
yW = -WindowSizeY..WindowSizeY
if( neighbourDepth[ p ][ y + vX[ 1 ]*xW + vY[ 1 ]*yW ][ x + vX[ 0 ]*xW + vY[ 0 ]*yW ] ), the following applies ordered steps apply:
a. sumP += ( xW*vX[ 0 ]+yW*vY[ 0 ] )2 + ( xW*vX[ 1 ] + yW*vY[ 1 ])2 + ( neighbourDepth[ p ][ y + vX[ 1 ] * xW + vY[ 1 ] * yW]
[x + vX[ 0 ] * xW + vY[ 0 ] * yW ] − GFrame[ 0 ][ y ][ x ] )2 
b. sumE += ( (xW + 1)*vX[ 0 ]+yW*vY[ 0 ] )2 + ( (xW + 1)*vX[ 1 ] + yW*vY[ 1 ])2 +
( neighbourDepth[ p ][ y + vX[ 1 ] * xW + vY[ 1 ] *yW][x + vX[ 0 ] * xW + vY[ 0 ] * yW ]
− GFrame[ 0 ][ y − vX[ 1] ][ x − vX[ 0 ] ] )2
c. The variable windowCount is incremented by 1

v. oPbfFrame[ y ][ x ] = (windowCount == 0) || ( sumE >=sumP)

· else oPbfFrame[ y ][ x ] is set equal to 1.
As a final stage, the computed occupancy map oPbFrame overwrites OFrame.
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