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Abstract

In this contribution, two modifications on attribute coding are proposed. Firstly, it proposes not to code unnecessary syntax parameters on lifting coding in case of number of LoD equal to 1. Secondly, it proposes the function to skip the sorting process based on Morton code to achieve the low delay attribute coding.
Introduction
This document includes the following two proposals,
1. high level syntax modification on attribute lifting coding
2. skip sorting process based on Morton code for low delay attribute coding
Proposal 1
In the current G-PCC specification, if the number of LoD is set to equal to 1, all point cloud are put into the same LoD layer. In this case, the syntax parameter to generate LoD is not used. So, some of syntax parameters are not needed to be included in the bitstream. Especially, the following three syntax parameter could be omitted in case of number of LoD equal to 1.

· lifting_lod_regular_sampling_enabled_flag
· lifting_sampling_period
· lifting_sampling_distance_squared
Proposal 2
In case of number of LoD equal to 1, the attribute value of each points are predictive coded by referring neighbour points which is defined with SeachRange (= lifting_search_range_minus1 + 1) in the same LoD layer. Before this process, all points are sorted based on Morton code to assign nearer points within the SearchRange for coding efficiency. It means that attribute coding can not be started until all geometry information are loaded or reconstructed.
 To achieve the low delay attribute coding similar as geometry predictive coding [1], we propose introducing the function to skip sorting process based on Morton code in case of number of LoD equal to 1. Specifically, the new syntax parameter "lifting_morton_sort_skip_enabled_flag" is introduced into APS, and if this flag equal to 1, the sorting process based on Morton code would be skipped before LoD generation process.
Syntax modification on Proposal 1 and 2
7.3.2.4	Attribute parameter set syntax
	attribute_parameter_set( ) {
	Descriptor

		aps_attr_parameter_set_id
	ue(v)

		aps_seq_parameter_set_id
	ue(v)

		attr_coding_type
	ue(v)

		aps_attr_initial_qp
	ue(v)

		aps_attr_chroma_qp_offset
	se(v)

		aps_slice_qp_delta_present_flag
	u(1)

		LodParametersPresent = ( attr_coding_type  = =  0 | | attr_coding_type  = =  2 ) ? 1 : 0
	

		if( LodParametersPresent) {
	

			lifting_num_pred_nearest_neighbours
	ue(v)

			lifting_search_range_minus1
	ue(v)

			lifting_num_detail_levels_minus1 
[Ed. The V7.0 code use the variable without minus1. It should be aligned]
	ue(v)

			for( k = 0; k < 3; k++ )
	

				lifting_neighbour_bias[ k ]
	ue(v)

			if ( attr_coding_type  = =  2 )
	

				lifting_scalability_enabled_flag
	u(1)

			if ( ! lifting_scalability_enabled_flag ) {
	

				if ( lifting_num_detail_levels_minus1 > 0 ) {
	

					lifting_lod_regular_sampling_enabled_flag
	u(1)

					for( idx = 0; idx < num_detail_levels_minus1; idx++ ) {
	

						if ( lifting_lod_decimation_enabled_flag )
	

							lifting_sampling_period[ idx ]
	ue(v)

						else
	

							lifting_sampling_distance_squared[ idx ]
	ue(v)

					}
	

				}
	

				else
	

					lifting_morton_sort_skip_enabled_flag
	u(1)

			}
	

			if( attr_coding_type  = =  0 ) {
	

				lifting_adaptive_prediction_threshold
	ue(v)

				lifting_intra_lod_prediction_num_layers
	ue(v)

				lifting_max_num_direct_predictors
	ue(v)

				inter_component_prediction_enabled_flag
	u(1)

			}
	

		}
	

		if( attribute_coding_type  = =  1 ) { //RAHT
	

			raht_prediction_enabled_flag
	u(1)

			raht_depth_minus1
	ue(v)

		}
	

		aps_extension_present_flag
	u(1)

		if( aps_extension_present_flag )
	

			while( more_data_in_byte_stream( ) )
	

				aps_extension_data_flag
	u(1)

		byte_alignment( )
	

	}
	



Experimental results

Proposed modifications were implemented on TMC13v8 software and tested under all conditions in CTC [3]. The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2. 
Table 1 shows the result of this modification. It showed no difference for C1, C2, CW of Cat1, and CY of Cat1 because the number of LoD layer is larger than 1 in CTC condition. In CW of Cat3-frame case, 14% loss was observed and in CY of Cat3-frame case, 30% loss was observed. In CW and CY of Cat3-fused case, there is no significant loss. Detailed result is included in the attached excel sheet (pcc-tmc3v8.0_octree_predlift_vs_m52392.xlsm).

Table 1: Summarized result of this proposal with RAHT compared to TMC13v8
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Conclusion 

[bookmark: _GoBack]In this contribution, two modifications on attribute coding were proposed. Firstly, it proposed not to code unnecessary syntax parameters on lifting coding in case of number of LoD equal to 1. Secondly, it proposed the function to skip the sorting process based on Morton code to achieve the low delay attribute coding. It was confirmed that skipping the sort process based on Morton code affects coding performance significantly, especially Cat3-frame contents. However, we believe that this proposal would be simpler modification to achieve low delay attribute coding with keeping the current G-PCC basic structure.
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Luma Chroma Cb Chroma Cr Reflectance

Cat1-A average 0.0% 0.0% 0.0%

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

Cat3-frame average 0.0%

Overall average 0.0% 0.0% 0.0% 0.0%

Avg. Enc Time [%]

Avg. Dec Time [%]

Luma Chroma Cb Chroma Cr Reflectance D1 D2

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

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

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 #VALUE! #VALUE! #VALUE! 0.0% 0.0% 0.0%

Avg. Enc Time [%]

Avg. Dec Time [%]

Geometry Colour Reflectance Total

Cat1-A average 100.0% 100.0% 100.0%

Cat1-B average 100.0% #VALUE! 100.0%

Cat3-fused average 100.0% 100.0% 99.9% 100.0%

Cat3-frame average 100.0% 113.7% 102.1%

Overall average 100.0% #VALUE! 108.3% 100.3%

Avg. Enc Time [%]

Avg. Dec Time [%]

Luma Chroma Cb Chroma Cr Reflectance

Cat1-A average 0.0% 0.0% 0.0%

Cat3-fused average -0.1% -0.1% -0.1% -0.2%

Cat3-frame average 29.8%

Overall average 0.0% 0.0% 0.0% 20.8%

Avg. Enc Time [%]

Avg. Dec Time [%]

101%

101%

101%

98%

CY_ai

lossless geometry, near-lossless attributes [all intra]

EtE Hausdorff BD‑AttrRate [%]

100%

#NUM!

CW_ai

lossless geometry, lossless attributes [all intra]

bpip ratio [%]

100%

100%

C2_ai

lossy geometry, lossy attributes [all intra]

End-to-End BD‑AttrRate [%] Geom. BD‑

C1_ai

lossless geometry, lossy attributes [all intra]

End-to-End BD‑AttrRate [%]


