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Introduction
Point clouds are becoming a popular representation format for immersive volumetric video due to the relative ease of capture and render when compared to other volumetric video formats. Several applications include six Degrees of Freedom (6 DoF) immersive video, VR/AR, immersive real-time communication, autonomous driving, cultural heritage etc. 
Point clouds are captured using a variety of devices and rigs. Point cloud real-time conversational communication using mobile phones is one emerging application. In such applications the foreground object (human) along with the background gets captured at the same time and needs to be communicated in real-time to the other end-point. The background is usually walls etc. as a result of which the dominating geometry in the background is usually rectangular/polygonal planar surfaces. 
Figure 1 shows an example (for illustration purposes only). The point cloud has two foreground objects and one back wall and one bottom floor. 
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Figure 1: Point cloud with two foreground objects and one back plane and one bottom plane.


Proposal
This contribution proposes an SEI message to signal ploygonal planar surfaces in V-PCC. In the SEI message, only the end vertices of the polygonal surface are transmitted and the texture mapped image corresponding to the polygonal surface is appended to the attribute video frame. This SEI message significantly reduces the vertex shading load compared to encoding all the points in the point cloud. The polygonal planar surface can be aligned with the V-PCC projection planes as in Figure 1 or can be at an arbitrary angle.
From Table 1, if the point cloud of Figure 1 is directly compressed using V-PCC and decoded, the renderer will have to render around 8.5M vertrices (one each of the point).
Table 1: Vertex shader load for direct compression using V-PCC.
	Object
	Number of points
	Number of vertices to render

	Redandblack
	729133
	729133

	Longdress
	765821
	765821

	Floor
	4194304
	4194304

	Back wall
	2797568
	2797568

	Total
	8486826
	8486826



Table 2 shows the vertex shading load when using our proposed SEI message. The number of vertices that will need to be rendered for the point cloud of Figure 1 is around 1.5M points – around 82% reduction in the vertex shader load. The exact savings will depend on the point cloud characteristics. Table 1 and Table 2 are used for illustration purposes only.

Table 2: Vertex shader load when using the proposed SEI message.
	Object
	Number of points
	Number of vertices to render

	Redandblack
	729133
	729133

	Longdress
	765821
	765821

	Floor
	4
	4

	Back wall
	4
	4

	Total
	8486826
	1494962



SEI message
Texture polygon information
syntax:
	texture_polygon_information( payloadSize ) {
	

		tpi_cancel_flag
	u(1)

		if (!tpi_cancel_flag) {
	

			tpi_num_polygons_minus1
	u(v)

			for( i = 0; i  <  ( tpi_num_polygons_minus1 + 1 ); i++ ) {
	

				tpi_num_vertices_minus3[ i ]
	u(v)

				for( j = 0; j < ( tpi_num_vertices_minus3 + 3); j++ ) {
	u(1)

					tpi_vertex_3d_pos_x[i][j]
	u(v)

					tpi_vertex_3d_pos_y[i][j]
	u(v)

					tpi_vertex_3d_pos_z[i][j]
	u(v)

					tpi_vertex_2d_pos_x[i][j]
	u(v)

					tpi_vertex_2d_pos_y[i][j]
	u(v)

				}
	

			}
	

		}
	

	}
	



Semantics:
This SEI message provides information related mapping of texture attributes to polygons. 
The persistence scope for this SEI message is the remainder of the bitstream (i.e., the signaled texture polygon information parameters SEI message persists until the end of the stream) or when a new texture polygon information parameters SEI message is encountered.
tpi_cancel_flag equal to 1 indicates that the the SEI message cancels the persistence of any previous texture polygon information SEI message in output order that applies to the current map. tpi_cancel_flag equal to 0 indicates that texture polygon information follows.
tpi_num_polygons_minus1 plus 1 specifies the number of polygons to be rendered by the point cloud renderer. tpi_num_polygons_minus1 shall be in the range 0 to 63, inclusive, and is signalled using a fixed length code of 6 bits.
num_vertices_minus3[ i ] plus 3 specifies the number of vertices of the polygon with index i. num_vertices_minus3[ i ] is in the range 0 to 1, inclusive, and is signalled using a fixed length code of 1 bit.
tpi_vertex_3d_pos_x[ i ][ j ] specifies the x coordinate of the 3D position of the vertex with index j in polygon with index i. The value of tpi_vertex_3d_pos_x[ i ][ j ] shall be in the range of 0 to 2gi_geometry_3d_coordinates_bitdepth_minus1 + 1 – 1, inclusive. The number of bits used to represent tpdu_vertex_3d_pos_x[ i ][ j ] is gi_geometry_3d_coordinates_bitdepth_minus1 + 1.
tpi_vertex_3d_pos_y[ i ][ j ] specifies the y coordinate of the 3D position of the vertex with index j in polygon with index i. The value of tpi_vertex_3d_pos_y[ i ][ j ] shall be in the range of 0 to 2gi_geometry_3d_coordinates_bitdepth_minus1 + 1 – 1, inclusive. The number of bits used to represent tpdu_vertex_3d_pos_y[ i ][ j ] is gi_geometry_3d_coordinates_bitdepth_minus1 + 1.
tpi_vertex_3d_pos_z[ i ][ j ] specifies the z coordinate of the 3D position of the vertex with index j in polygon with index i. The value of tpi_vertex_3d_pos_z[ i ][ j ] shall be in the range of 0 to 2gi_geometry_3d_coordinates_bitdepth_minus1 + 1 – 1, inclusive. The number of bits used to represent tpdu_vertex_3d_pos_x[ i ][ j ] is gi_geometry_3d_coordinates_bitdepth_minus1 + 1.
[bookmark: _GoBack]tpi_vertex_2d_pos_x[ i ][ j ] specifies the x coordinate of the vertex with index j in polygon with index i in the attribute frame(s). The value of tpi_vertex_2d_pos_x[ i ][ j ] shall be in the range of 0 to Min( 2afps_2d_pos_x_bit_count_minus1 + 1 – 1, afps_frame_width − 1), inclusive. The number of bits used to represent tpi_vertex_2d_pos_x[ i ][ j ] is afps_2d_pos_x_bit_count_minus1 + 1.
tpi_vertex_2d_pos_y[ i ][ j ] specifies the y coordinate of the vertex with index j in polygon with index i in the attribute frame(s). The value of tpi_vertex_2d_pos_y[ i ][ j ] shall be in the range of 0 to Min( 2afps_2d_pos_y_bit_count_minus1 + 1 – 1, afps_frame_width − 1), inclusive. The number of bits used to represent tpi_vertex_2d_pos_y[ i ][ j ] is afps_2d_pos_y_bit_count_minus1 + 1.
For each polygon, all the 3D vertices corresponding to that polygon shall be co-planar.
Conclusions
This contribution proposes a SEI message to signal ploygonal planar surfaces in V-PCC. In the SEI message, only the end vertices of the polygonal surface are transmitted whereas the corresponding texture mapped image is padded to the attribute video. This SEI message significantly reduces the vertex shading load compared to encoding all the points in the point cloud. It is recommended to adopt this SEI message into the next version of the V-PCC spec.
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