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Introduction
This contribution proposes new patch type for V-PCC. This new type, which is referred to as the intra copy patch mode, allows prediction of patch information from previously coded patches within the same tile group, and could also indicate that a form of prediction is also utilized for the occupancy, geometry, and/or attribute data that are projected into their corresponding video signals. This type could be used to improve performance in applications that are restricted in terms of the number of maps that could be used for V-PCC. Experimental results compared to the coding of a point cloud representation using a single map this new mode can result in a 2%~25% improvement on average in terms of geometry and attribute BD-rate coding gain.
 
Identified Issues and Solutions
The current V-PCC allows to signal the geometry and/or the attribute information in more than one map in their video. This is done as an efficient, coding-wise, mechanism for capturing all point cloud points in a single V-PCC bitstream. However, it requires that the geometry and attribute data are associated with more than one video sub-streams, commonly of the same resolution. This may not always be desirable and may also create issues in some systems because of the overall pixel decoding rate requirements for such streams. Although it is possible to encapsulate all points in patches within the same atlas and in a single map this can result in a considerable coding performance degradation since correlations between neighbor samples that were previously projected on the same position are not exploited. Figure 1 shows conventional coding of point cloud information using V-PCC and multiple maps. Figure 2 shows how the same information could be mapped onto a single. Essentially, the atlas and occupancy map of Figure 2 contain patches with replicated information compared to those in Figure 1. In this example, the patches from patch 54 to patch 107 copy all the patch information from patches from patch0 to patch 53 except their 2D position and patch orientation information. 
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	(a)
	Map #
	(b)
	(c)

	
Patch 0 ->(d1,u1,v1)=( 64 , 28 , 13 )(dd,du,dv)=( 255 , 274 , 821 ),Normal: 0 Direction: 0 Edd: 0
Patch 1 ->(d1,u1,v1)=( 0 , 212 , 12 )(dd,du,dv)=( 128 , 59 , 127 ),Normal: 2 Direction: 0 Edd: 0
...
Patch 52 ->(d1,u1,v1)=( 128 , 118 , 452 )(dd,du,dv)=( 64 , 17 , 31 ),Normal: 0 Direction: 0 Edd: 0
Patch 53 ->(d1,u1,v1)=( 64 , 243 , 934 )(dd,du,dv)=( 64 , 11 , 7 ),Normal: 2 Direction: 0 Edd: 0
(d) list of patches



[bookmark: _Ref29821306]Figure 1 conventional geometry/attribute video generation using multiple maps
(a) occupancy, (b) geometry, (c) attributes, (d) list of patches
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	(c)

	
Patch 0 ->(d1,u1,v1)=( 64 , 28 , 13 )(dd,du,dv)=( 255 , 274 , 821 ),Normal: 0 Direction: 0 Edd: 0
Patch 1 ->(d1,u1,v1)=( 0 , 212 , 12 )(dd,du,dv)=( 128 , 59 , 127 ),Normal: 2 Direction: 0 Edd: 0
...
Patch 52 ->(d1,u1,v1)=( 128 , 118 , 452 )(dd,du,dv)=( 64 , 17 , 31 ),Normal: 0 Direction: 0 Edd: 0
Patch 53 ->(d1,u1,v1)=( 64 , 243 , 934 )(dd,du,dv)=( 64 , 11 , 7 ),Normal: 2 Direction: 0 Edd: 0
Patch 54 ->(d1,u1,v1)=( 64 , 28 , 13 )(dd,du,dv)=( 255 , 274 , 821 ),Normal: 0 Direction: 0 Edd: 0
Patch 55 ->(d1,u1,v1)=( 0 , 212 , 12 )(dd,du,dv)=( 128 , 59 , 127 ),Normal: 2 Direction: 0 Edd: 0
...
Patch 106 ->(d1,u1,v1)=( 128 , 118 , 452 )(dd,du,dv)=( 64 , 17 , 31 ),Normal: 0 Direction: 0 Edd: 0
Patch 107 ->(d1,u1,v1)=( 64 , 243 , 934 )(dd,du,dv)=( 64 , 11 , 7 ),Normal: 2 Direction: 0 Edd: 0
(d) list of patches



[bookmark: _Ref29821308]Figure 2 duplicated patch geometry/attribute video generation 
(a) occupancy, (b) geometry, (c) attributes, (d) list of patches
Intra Copy Patch
This contribution proposes new patch type, referred to as the copy patch data unit. Its syntax table and the semantics are as follows: 
Intra copy patch data unit syntax
	copy_patch_data_unit( patchIdx ) {
	Descriptor

	        cpdu_reference_patch_index[ patchIdx]
	          ue(v)

		cpdu_2d_pos_x[ patchIdx ]
	u(v)

		cpdu_2d_pos_y[ patchIdx ]
	u(v)

		cpdu_orientation_index[ patchIdx ]
	u(v)

	}
	



cpdu_reference_patch_index[ p ] specifies the index, PredIdx, of the patch in the atlas tile group with the same address as the current tile group address in the same atlas frame as the current atlas frame count.
cpdu_2d_pos_x[ p ] specifies the x-coordinate of the top-left corner of the patch bounding box for patch p in the current atlas tile group, expressed as a multiple of PatchPackingBlockSize. 
The value of cpdu_2d_pos_x[ p ] shall be in the range of 0 to Min( 2afps_2d_pos_x_bit_count_minus1 + 1 – 1, asps_frame_width / PatchPackingBlockSize − 1), inclusive. The number of bits used to represent cpdu_2d_pos_x[ p ] is afps_2d_pos_x_bit_count_minus1 + 1.
cpdu_2d_pos_y[ p ] specifies the y-coordinate of the top-left corner of the patch bounding box for patch p in the current atlas tile group, expressed as a multiple of PatchPackingBlockSize. 
The value of cpdu_2d_pos_y[ p ] shall be in the range of 0 to Min( 2afps_2d_pos_y_bit_count_minus1 + 1 – 1, asps_frame_height / PatchPackingBlockSize − 1), inclusive. The number of bits used to represent cpdu_2d_pos_y[ p ] is afps_2d_pos_y_bit_count_minus1 + 1.
cpdu_orientation_index[ p ] indicates the index to Table 9‑1 of the patch orientation index for the patch with index p of the current atlas tile group. The number of bits used to represent cpdu_orientation_index[ p ] is ( asps_use_eight_orientations_flag ? 3 : 1 )

Other values required are copied from the reference patch. Therefore the decoding process in 8.4 of the V-PCC specification[1] is conceptually as follows :
Decoding process for patch units coded in copy mode 
Input to this process is the current patch index, p.
First, the atlas frame index, currIdx,  is set as AtlasFrmOrderCntVal.
Then the corresponding patch index, refPatchIdx, in the current atlas frame reference for the current tile group is computed as:
	refPatchIdx = cpdu_reference_patch_index[ p ]	
Using the variables currIdx and RefPatchIdx as inputs, the variables refPatch2dPosX, refPatch2dPosY, refPatch2dSizeX, refPatch2dSizeY, refPatch3dPosX, refPatch3dPosY, refPatch3dPosMinZ, refPatchAxisZ, refPatchProjectionFlag, refPatchAxisX, refPatchAxisY, refPatchOrientationIndex, and refPatchLod are derived using the process described in clause XXXX.
Then, the associated 2D and 3D patch parameters are derived and set as the output of this process as follows:
	Patch2dPosX[ p ] = cpdu_2d_pos_x[ p ] * PatchPackingBlockSize	
	Patch2dPosY[ p ] = cpdu_2d_pos_y[ p ] * PatchPackingBlockSize
	Patch2dSizeX[ p ] = refPatch2dSizeX	
	Patch2dSizeY[ p ] = refPatch2dSizeY	
	Patch3dPosX[ p ] = refPatch3dPosX	
	Patch3dPosY[ p ] = refPatch3dPosY	 
	Patch3dPosMinZ[ p ] = refPatch3dPosMinZ	 
	PatchAxisZ[ p ] = refPatchAxisZ	
	PatchProjectionFlag[ p ] = refPatchProjectionFlag	
	PatchAxisX[ p ] = refPatchAxisX	
	PatchAxisY[ p ] = refPatchAxisY
	PatchOrientationIndex[ p ] = pdu_orientation_index[ p ]	
	PatchLod[ p ] = refPatchLod
	Patch45degreeProjectionRotationAxis[ p ] = refPatch45degreeProjectionRotationAxis
differential coded geometry/attribute video
Unlike straight forward repetition of patches for the geometry and attribute information in the additional maps, a copy patch can indicate its reference patch, essentially a patch already coded within the same frame. This is quite similar to inter predicted patches but now prediction is occurring spatially. Therefore, the geometry/attributes information in the additional maps can be reconstructed even when the difference between the reference patch and the copied patch is signaled as its associated geometry information. The derivation of geometry and attribute values, i.e. whether the projected values in the corresponding image are absolute or predicted/differential values can be indicated through the use of this mode or can also be indicated using additional flags within the copy patch mode. Figure 3 shows the geometry/attribute images in the case the difference is coded. The same could also be done for occupancy information, but it may be argued that that may complicate parsing and interpretation of occupancy information since now occupancy extraction becomes more dependent on patch mode signaling.
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	(a)
	(b)


Figure 1 geometry (a) and attribute (b) images with differences between corresponding patches (geometry image is enhanced to show delta values)

Simulation results
Simulation results were performed using the VPCC test conditions specified in the Common Test Conditions document [1], with however restricting patches to be places onto a single map. We do not believe that this method competes with multiple map coding, so a comparison is not relevant. Furthermore, since we are adding a new mode, performance in that case should ideally not get worse but instead could also improve since we could even use this new mode with multiple maps if we so desire (the mode does not restrict the use of multiple maps, it just provides an alternative method of representing patches). The performance is considerably better for both All Intra case and Random Access case compared to single map coding with all the patches in the single map. For the All Intra case, we see -6.6% to -16.3% improvement in geometry BD-Rate and -16.1% to -26.1% improvement in BD-rate for the attributes. In the Random Access case there is -14.8% to -27.9% improvement in geometry BD-Rate and -10% to -20% improvement in BD-rate for luma component of the attributes. We would like to note that there could be more improvement in the case HM s/w is updated to accommodate both copy patches(delta values) and regular patches. We expect though to improve our encoder in the future. 

Table 1 . All intra performance for copy patch mode versus the DIS V-PCC single map coding
	All Intra
	Geom. 
BD‑TotGeomRate
 [%]
	End-to-End 
BD‑AttrRate 
[%]
	Geom. 
BD‑TotalRate [%]
	End-to-End 
BD‑TotalRate 
[%]

	Class
	Sequence
	D1
	D2
	Luma
	Cb
	Cr
	D1
	D2
	Luma
	Cb
	Cr

	cat2-A
	8ivfbv2_loot_vox10
	-16.3%
	-16.6%
	-33.3%
	-17.9%
	-19.3%
	-32.2%
	-33.2%
	-24.4%
	-13.3%
	-14.3%

	 
	8ivfbv2_redandblack_vox10
	-12.1%
	-11.3%
	-30.0%
	-26.5%
	-27.5%
	-27.9%
	-27.8%
	-21.9%
	-19.3%
	-19.8%

	 
	8ivfbv2_soldier_vox10
	-12.6%
	-11.2%
	-30.4%
	-21.8%
	-13.4%
	-28.8%
	-27.5%
	-22.6%
	-16.9%
	-9.9%

	 
	queen
	-6.6%
	-3.3%
	-20.9%
	-10.6%
	-10.5%
	-16.6%
	-11.3%
	-16.1%
	-8.2%
	-8.1%

	cat2-B
	8ivfbv2_longdress_vox10
	-12.6%
	-11.9%
	-31.1%
	-30.6%
	-30.2%
	-34.4%
	-33.8%
	-26.1%
	-26.2%
	-25.7%

	cat2-C
	basketball_player_vox11
	-14.5%
	-15.8%
	-29.6%
	-27.0%
	-16.6%
	-27.1%
	-30.4%
	-20.5%
	-19.2%
	-11.5%

	 
	dancer_player_vox11
	-11.3%
	-10.3%
	-30.6%
	-27.6%
	-20.5%
	-24.3%
	-24.7%
	-21.0%
	-19.4%
	-14.0%

	
	Cat2-A average
	-11.9%
	-10.6%
	-28.6%
	-19.2%
	-17.7%
	-26.4%
	-25.0%
	-21.3%
	-14.4%
	-13.0%

	
	Cat2-B average
	-12.6%
	-11.9%
	-31.1%
	-30.6%
	-30.2%
	-34.4%
	-33.8%
	-26.1%
	-26.2%
	-25.7%

	
	Cat2-C average
	-12.9%
	-13.0%
	-30.1%
	-27.3%
	-18.6%
	-25.7%
	-27.6%
	-20.8%
	-19.3%
	-12.7%

	
	Overall average
	-12.3%
	-11.5%
	-29.4%
	-23.1%
	-19.7%
	-27.3%
	-27.0%
	-21.8%
	-17.5%
	-14.7%


 
Table 2  Random Access performance for copy patch mode versus the DIS V-PCC single map coding
	random access
	Geom. BD‑TotGeomRate [%]
	End-to-End BD‑AttrRate [%]
	
	Geom. BD‑TotalRate [%]
	End-to-End BD‑TotalRate [%]

	Class
	Sequence
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr
	
	D1
	D2
	Luma
	Chroma Cb
	Chroma Cr

	cat2-A
	8ivfbv2_loot_vox10
	-12.7%
	-13.2%
	-23.3%
	-7.4%
	-11.4%
	
	-18.4%
	-20.3%
	-10.5%
	-0.5%
	-2.9%

	 
	8ivfbv2_redandblack_vox10
	-13.3%
	-12.7%
	-22.6%
	-19.0%
	-22.0%
	
	-20.6%
	-21.3%
	-13.2%
	-10.9%
	-12.9%

	 
	8ivfbv2_soldier_vox10
	-5.2%
	-3.5%
	-17.7%
	-6.1%
	-1.0%
	
	-11.9%
	-11.6%
	-6.1%
	0.6%
	4.4%

	 
	queen
	-4.0%
	0.2%
	-21.8%
	-11.6%
	-11.7%
	 
	-8.3%
	-1.9%
	-14.6%
	-7.7%
	-7.5%

	cat2-B
	8ivfbv2_longdress_vox10
	-13.6%
	-12.9%
	-29.2%
	-27.7%
	-27.9%
	 
	-27.9%
	-28.7%
	-19.6%
	-18.4%
	-18.4%

	cat2-C
	basketball_player_vox11
	-12.1%
	-14.0%
	-23.8%
	-22.2%
	-9.6%
	 
	-18.4%
	-22.7%
	-12.2%
	-11.1%
	-3.3%

	 
	dancer_player_vox11
	-14.3%
	-14.0%
	-30.6%
	-28.6%
	-23.8%
	 
	-21.9%
	-23.4%
	-17.8%
	-16.5%
	-13.2%

	
	Cat2-A average
	-8.8%
	-7.3%
	-21.3%
	-11.0%
	-11.5%
	
	-14.8%
	-13.8%
	-11.1%
	-4.6%
	-4.7%

	
	Cat2-B average
	-13.6%
	-12.9%
	-29.2%
	-27.7%
	-27.9%
	
	-27.9%
	-28.7%
	-19.6%
	-18.4%
	-18.4%

	
	Cat2-C average
	-13.2%
	-14.0%
	-27.2%
	-25.4%
	-16.7%
	
	-20.2%
	-23.1%
	-15.0%
	-13.8%
	-8.2%

	
	Overall average
	-10.7%
	-10.0%
	-24.2%
	-17.5%
	-15.3%
	 
	-18.2%
	-18.6%
	-13.4%
	-9.2%
	-7.7%
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Conclusion
In this document we have presented a new patch mode, namely the copy patch mode. This mode permits us to encode a V-PCC stream with a single map at much higher coding efficiency than is currently possible using the existing syntax. We would recommend adopting this change in the specification. 
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