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Abstract
In this contribution, two modification on predictive gometry coding is proposed. First one is to introduce gpt_end_flag to indicate the end of geometry_predtree_data instead of using geom_num_points_minus1. Second one is to change the coding method of ptn_child_cnt by considering to generate predictive tree based on laser scan line. The result shows no significant change for first modification and shows the constant bit reduction for second one.
Introduction
Predictive geometry coding is supported in the current G-PCC specification. It could encode LiDAR contents more efficiently. This contribution includes two minor modifications for predictive geometry coding.
Proposal 1
In the current syntax on predictive geometry coding, geom_num_points_minus1 is used to distinguish the end of geometry_predtree_data as following. 

7.3.3.11 Geometry predictive tree syntax (Current text)
	geometry_predtree_data( ) {
[Ed: add curDepth as parameter to move conformance to semantics?]
	Descriptor

		PtnNodeIdx = 0
	

		do {
	

			geometry_predtree_node( PtnNodeIdx )
	

		} while( PtnNodeIdx <= geom_num_points_minus1 )
	

	}
	



while, geom_num_points_minus1 is defined in geometry_data_unit_footer as following, and it is not used in the decoding process on geometry octree coding.

[bookmark: _Ref48074162]7.3.3.3 Geometry data unit footer syntax
	geometry_data_unit_footer( ) {
	Descriptor

		byte_alignment( )
	

		if ( geom_num_points_list_present_flag ){
	

			for( lvl = 1; lvl < geom_tree_depth_minus1; lvl++ )
	

				geom_num_points_in_levels_minus1[ lvl ]
	u(24)

		}
	

		geom_num_points_minus1
	u(24)

	}
	



To keep geom_num_points_minus1 be the parameter like metadata, we propose not to use it in the decoding process on geometry predictive coding, and instead of that, to introduce gpt_end_flag which distinguishes the end of geometry_predtree_data as following,

7.3.3.11 Geometry predictive tree syntax (proposal 1)
	geometry_predtree_data( ) {
[Ed: add curDepth as parameter to move conformance to semantics?]
	Descriptor

		PtnNodeIdx = 0
	

		do {
	

			geometry_predtree_node( PtnNodeIdx )
	

			gpt_end_flag
	ae(v)

		} while( PtnNodeIdx <= geom_num_points_minus1 )
	

		} while( !gpt_end_flag )
	

	}
	



gpt_end_flag equal to 1 indicates the end of geometry_predtree_data. gpt_end_flag equal to 0 indicates geometry_predtree_node is remaining.

Proposal 2
In the current specification on predictive geometry coding, ptn_child_cnt[ nodeIdx ] which indicates the number of direct child nodes in the current nodeIdx is encoded with entropy coding with 2 bin as following,

ptn_child_cnt = 0 --> 00
ptn_child_cnt = 1 --> 10
ptn_child_cnt = 2 --> 01
ptn_child_cnt = 3 --> 11

[bookmark: _GoBack]However, by considering to generate predictive tree based on laser scan line, many nodes has one direct child node and the node which has more than two child seems to be little. So, we propose to change the binarization process of ptn_child_cnt and introduce ptn_child_ cnt_eq1_flag, ptn_child_cnt_eq0_flag and ptn_child_cnt_minus2 as following,

1.1.1.1 Geometry predictive tree node syntax (proposal 2)
	geometry_predtree_node( nodeIdx ) {
	Descriptor

		if( geom_scaling_enabled_flag && !( nodeIdx % PtnQpInterval ) ) {
	

			ptn_qp_offset_eq0_flag
	ae(v)

			if( !ptn_qp_offset_eq0_flag ) {
	

				ptn_qp_offset_sign_flag
	ae(v)

				ptn_qp_offset_abs_minus1
	ae(v)

			}
	

		}
	

		if( unique_geometry_points_flag ) {
	

			ptn_point_cnt_gt1_flag
	ae(v)

			if( ptn_point_cnt_gt1_flag )
	

				ptn_point_cnt_minus2
	ae(v)

		}
	

		ptn_child_cnt[ nodeIdx ]
	ae(v)

		ptn_child_cnt_eq1_flag
	ae(v)

		if( !ptn_child_cnt_eq1_flag )
	

		{
	

			ptn_child_cnt_eq0_flag
	ae(v)

			if( !ptn_child_cnt_eq0_flag )
	

				ptn_child_cnt_minus2
	ae(v)

		}
	

		ptn_pred_mode[ nodeIdx ]
	ae(v)



ptn_child_cnt_eq1_flag, ptn_child_cnt_eq0_flag and ptn_child_cnt_minus2 together specify the number of direct child nodes of the current predictive tree node present in the geometry predictive tree. When not present, the values of ptn_child_cnt_eq0_flag and ptn_child_cnt_minus2 are both inferred to be 0.  The number of direct child nodes represented by the current predictive tree node is derived as follows:
PtnChildCount[nodeIdx] = ptn_child_cnt_eq1_flag + !ptn_child_cnt_eq0_flag + ptn_point_cnt_minus2 + 1

Note that the number of context for this proposal is not changed from the original method.
Experimental results
Proposed modifications were implemented on TMC13v11.1rc1 software and tested under C2 and CW conditions with predictive geometry coding. The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2. 
Result of Proposal 1
Table 1 shows the result of proposal 1 which introduces gpt_end_flag into geometry_predtree_data. It showed no significant loss because gpt_end_flag would be almost equal to 0 except for last one. Detailed result is included in the attached excel sheet (m55354_proposal1.xlsm).

[bookmark: _Ref43922109]Table 1: Summarized result of proposal 1 compared to anchor (predgeom)
[image: ]
Result of Proposal 2
Table 2 shows the result of proposal 2 which changes coding method of ptn_child_cnt. It showed slightly gain but it's not obvious. Table 3 shows the bit reduction of each sequence by applying proposal 2. It is observed that the constant bit reduction was achieved for all sequences by this modification. Detailed result is included in the attached excel sheet (m55354_proposal2.xlsm).

[bookmark: _Ref53015080]Table 2: Summarized result of proposal 2 compared to anchor (predgeom)
[image: ]
[bookmark: _Ref53015313]Table 3: bit reduction of proposal 2 compared to the anchor (predgeom, CW setting)
[image: ]
Conclusion 
In this contribution, two modification on predictive gometry coding were proposed. First one was to introduce gpt_end_flag to indicate the end of geometry_predtree_data instead of using geom_num_points_minus1. Second one was to change the coding method of ptn_child_cnt by considering to generate predictive tree based on laser scan line. The result showed no significant change for first modification and showed the constant bit reduction for second one.
Based on this, We recommend that the proposed modifications be considered to be adopted in the G-PCC specification.
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cat1-A basketball_player_vox11_00000200 5464

boxer_viewdep_vox12 12160

dancer_vox11_00000001 5728

egyptian_mask_vox12 1376

facade_00009_vox12 11408

facade_00015_vox14 49856

facade_00064_vox11 16680

frog_00067_vox12 12024

head_00039_vox12 44120
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shiva_00035_vox12 4104

soldier_viewdep_vox12 17160
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cat1-B arco_valentino_dense_vox12 1896
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egyptian_mask_vox20 1408
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Luma Chroma Cb Chroma Cr Reflectance D1 D2

Cat1-A average 0.0% 0.0% 0.0% 0.0% 0.0%

Cat1-B average 0.0% 0.0% 0.0% #VALUE! #VALUE!

Cat3-fused average 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Cat3-frame average 0.0% 0.0% 0.0%

Overall average 0.0% 0.0% 0.0% 0.0% #VALUE! #VALUE!

Avg. Enc Time [%]

Avg. Dec Time [%]

Geometry Colour Reflectance Total

Cat1-A average 100.0% 100.0% 100.0%

Cat1-B average 100.0% 100.0% 100.0%

Cat3-fused average 100.0% 100.0% 100.0% 100.0%

Cat3-frame average 100.0% 100.0% 100.0%

Overall average 100.0% 100.0% 100.0% 100.0%

Avg. Enc Time [%]

Avg. Dec Time [%]

99%

100%

100%

100%

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]

C2_ai

lossy geometry, lossy attributes [all intra]

End-to-End BD‑AttrRate [%] Geom. BD‑TotGeomRate [%]


image2.emf
Luma Chroma Cb Chroma Cr Reflectance D1 D2

Cat1-A average 0.0% 0.0% 0.0% 0.0% 0.0%

Cat1-B average 0.0% 0.0% 0.0% #VALUE! #VALUE!

Cat3-fused average 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Cat3-frame average 0.0% -0.1% -0.1%

Overall average 0.0% 0.0% 0.0% 0.0% #VALUE! #VALUE!

Avg. Enc Time [%]

Avg. Dec Time [%]

Geometry Colour Reflectance Total

Cat1-A average 99.9% 100.0% 100.0%

Cat1-B average 100.0% 100.0% 100.0%

Cat3-fused average 100.0% 100.0% 100.0% 100.0%

Cat3-frame average 100.0% 100.0% 100.0%

Overall average 100.0% 100.0% 100.0% 100.0%

Avg. Enc Time [%]

Avg. Dec Time [%]

C2_ai

lossy geometry, lossy attributes [all intra]

End-to-End BD‑AttrRate [%] Geom. BD‑TotGeomRate

101%

100%

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]

101%

101%


