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Introduction
In this contribution, we introduce a method of automatic mesh voxelization and its software implementation. Furthermore, we propose a signaling method for the voxelization parameters. We show that the voxelization of meshes produces acceptable results and suggest the group to consider floating-point mesh data in the test set as well.
Signaling voxelization parameters
To transform a mesh from floating point to integer positive values, it is necessary to offset the mesh, scale it and round the results to the next integer value. We suggest adding the voxelization procedure in TMC2, and send the 3D offset and the scaling parameters in the bitstream. Notice that usually we also perform the same scaling to all dimensions, to preserve the proportion between the axes. Notice that 8i sequences use both offset and scaling. In the header of their Ply files one can find the information, named as frame_to_world_scale and frame_to_world_translation. The variables are usually represented as floating points, we suggest using a 16-bit fixed point representation, to be compliant with existing syntax elements that perform similar operations.

Currently we have the Atlas Adaptation Parameter Set (AAPS) that provides information on the reconstruction of point clouds. We propose to add the voxelization parameters in the AAPS structure, inside the V-PCC extension, since the same parameters could be used by meshes as well as point clouds.

Syntax
AAPS VPCC extension syntax

	aaps_vpcc_extension ( ) {
	Descriptor

		aaps_vpcc_camera_parameters_present_flag
	u(1)

		if( aaps_vpcc_camera_parameters_present_flag )
	

			atlas_camera_parameters( )
	

		aaps_voxelization_parameters_present_flag
	u(1)

		if( aaps_voxelization_parameters_present_flag )
	

			voxelization_parameters( )
	

	}
	


Voxelization parameters syntax
	voxelization_parameters( ) {
	Descriptor

		vp_scale_enabled_flag
	u(1)

		vp_offset_enabled_flag
	u(1)

		if( vp_scale_enabled_flag )
	

			vp_scale
	u(32)

		if( vp_offset_enabled_flag )
	

			for( d = 0; d < 3; d++ )
	

				vp_offset_on_axis[ d ]
	i(32)

	}
	


Semantics
AAPS VPCC extension semantics
aaps_voxelization_parameters_present_flag equal to 1 specifies that voxelization parameters shall be present in the current atlas adaptation parameter set. aaps_voxelization_parameters_present_flag equal to 0 specifies that voxelization parameters for the current adaptation parameter set shall not be present.
Voxelization parameters semantics
vp_scale_enabled_flag equal to 1 indicates that scale parameters for the current voxelization are present. vp_scale_enabled_flag equal to 0 indicates that scale parameters for the current voxelization are not present. When vp_scale_enabled_flag is not present, it shall be inferred to be equal to 0.
vp_offset_enabled_flag equal to 1 indicates that offset parameters for the current voxelization are present. vp_offset_enabled_flag equal to 0 indicates that offset parameters for the current voxelization are not present. When vp_offset_enabled_flag is not present, it shall be inferred to be equal to 0.
vp_scale specifies the value of the scale, Scale, for the current voxelization in increments of 2–16. The value of vp_scale shall be in the range of 1 to 232 – 1, inclusive. When vp_scale is not present, it shall be inferred to be equal to 216. The value of Scale is computed as follows:
	Scale = vp_scale  216
vp_offset_on_axis[ d ] indicates the value of the offset, Offset[d], along the d axis for the current voxelization in increments of 2–16. The value of vp_offset_on_axis[ d ] shall be in the range of −231 to 231 − 1, inclusive, where d is in the range of 0 to 2, inclusive. The values of d equal to 0, 1, and 2 correspond to the X, Y, and Z axis, respectively. When vp_offset_on_axis[ d ] is not present, it shall be inferred to be equal to 0.
	Offset[ d ] = vp_offset_on_axis[ d ]  216

This process specifies the reverse voxelization process, to go from voxelized decoded vertex values to floating point reconstructed values. The following applies:
	for( n = 0; n < VertexCnt ; n++)
		for( k = 0 ; k < 3 ; k++ )
			vertexReconstructed[ n ][ k ] = Scale * (decodedVertex[ n ][ k ]) + Offset[ k ]

Automatic voxelization parameter calculation
Given a dynamic sequence of meshes, we determine the voxelization parameters for the entire sequence based on a bounding box sequence normalization. The algorithm is explained as follows:
1. Get the bounding box of each frame, and calculate the sequence bounding box (see Figure 1)
· sequenceBB = (minPoint, maxPoint)
2. Convert the bounding box from floating point to 16-bit fixed point representation 
· (minPoint, maxPoint)  (minPoint16,maxPoint16)
3. Calculate the scale to fit the maximum range in the range defined by the bit depth
· maxRange = max(maxPoint16[0..2]-minPoint16[0..2])
· scale = (2bitdepth -1)/maxRange
4. Convert the scale from floating point to 16-bit fixed point representation
· scale  scale16
5. Scale and shift the result by the minimum value
· voxelizedPoint = floor((originalPoint-minPoint16)/scale16)
6. Store the values in AAPS
· Offset = minPoint16
· Scale = scale16
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Figure 1: Bounding box sequence calculation

Simulations Results
We implemented the described voxelization inside TMC2. One side-effect of voxelization is that it may degenerate some triangles, that is, the voxelized coordinates of a triangle share the same value, and the triangle degenerates to a line or a single point. The coding procedure should take care of those degenerate triangles, but also a simple filter operation to clean the voxelized mesh can be applied.
Conclusion
In this contribution, we have implemented mesh voxelization in TMC2 software. The software allows for:
· Automatic generation of sequence voxelization parameters
· User-defined input parameters

Additionally, we also proposed signaling of voxelization parameters using the V-PCC extension in AAPS

We suggest the group to consider the following: 
· Floating point meshes in the dataset
· [bookmark: _GoBack]Consider the implementation of mesh voxelization
· Discuss the signaling of the voxelization parameters
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