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Abstract

In this contribution, the HLS modification on QTBT signaling for octree geometry coding is proposed. In geometry data unit header, geom_tree_code_axis_flag that indicates the coded tree is signalled. We propose to reduce the bit size of geom_tree_code_axis_flag by not signaling the octree mode of the lower level.


[bookmark: _GoBack]OT/QT/BT Signalling in current specification(w19522[1]).
In the current G-PCC specification, geom_tree_code_axis_flag is signalled in geometry data unit header to indicate the coded tree when QTBT coding is used.

	geometry_data_unit_header( ) {
	Descriptor

		gsh_geometry_parameter_set_id
	ue(v)

		gsh_tile_id
	ue(v)

		…..
	ue(v)

		if( geom_tree_type = = 0 ) {
	

			geom_tree_depth_minus1
	ue(v)

			if( geom_tree_coded_axis_list_present_flag )
	

				for( lvl = 0; lvl <= geom_tree_depth_minus1; lvl++ )
	

					for( k = 0; k < 3; k++ )
	

						geom_tree_coded_axis_flag[ lvl ][ k ]
	u(1)

		……
	

		byte_alignment( )
	

	}
	


[bookmark: _Ref52955238]Figure 1

geom_tree_coded_axis_flag[ lvl ][ k ] specifies whether the k-th axis is coded at a given depth, lvl, of the geometry tree.  The values of geom_tree_coded_axis_flag are used to determine the size of the root node.  When not present, the value of geom_tree_coded_axis_flag[ lvl ][ k ] is inferred to be 1.
For each octree level, seven types can be indicated using the 3bit geom_tree_coded_axis_flag, as shown in Figure 1.
Here, geom_tree_coded_axis_flag = [0, 0, 0] is not used.

[image: ]
Figure 2 The type of tree


Proposal
Poposal1: Semantics modification
In current specification, there is a sentence “The values of geom_tree_coded_axis_flag are used to determine the size of the root node”. But this flag is not used to determine the size of the root node in the decoder and instead geom_tree_depth_minus1 is used.

[bookmark: _Hlk52961381]There is also a sentence “When not present, the value of geom_tree_coded_axis_flag[ lvl ][ k ] is inferred to be 1.” However, because geom_tree_coded_axis_flag are signalled as many as indicated by geom_tree_depth_minus1, the geom_tree_coded_axis_flag are always present and need not to be inferred.

Therefore, we propose to remove above two sentences.

[image: ]
Figure 3 Proposed semantics (proposal 1)




Proposal2: Omit Octree Signalling
Current signalling
When using QTBT, QT / BT tends to occur when the depth value is small, and OT tends to occur when the depth value is large. And the OT is likely to continue to the bottom depth.

In current specification, geom_tree_coded_axis_flag are signalled as many as the number of depth. So, in above case, the same code (OT) is signalled until the bottom depth.

[image: ]
Figure 4 Proposed signalling method

Proposal: Omit octree signaling method

In order to reduce to signal the redundant bits, we propose to signal the terminate flag that indicate octree is used in the subsequent depths and omit the signaling of geom_tree_coded_axis_flag in the subsequent depths. Here, the value geom_tree_coded_axis_flag = [0, 0, 0] that is not used in current spec is used as the terminate flag.  So, the additional syntax is not needed.
In the decoder, if geom_tree_coded_axis_flag is not present or the value is equal to [0, 0, 0], the value is inferred to [1, 1, 1]. Figure 5 and Figure 6 show the syntax and semantics of this proposal.

[image: ]
[bookmark: _Ref52971239]Figure 5 Proposed syntax (Proposal 2)

[image: ]
[bookmark: _Ref52971241]Figure 6 Proposed semantics (Proposal 1 + Proposal 2)
Experimental results

Proposed modifications were implemented on TMC13v11.1 software and tested under all conditions in CTC[2]. The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2. 
Table 1 shows the reduce bits on CW. It can be confirmed the size of geometry bitstream can be reduced constantly and there is no loss. Detailed result is included in the attached excel sheet (pcc-tmc13v11.1_QtbtInferOt_vs_Anchor.xlsm).
[image: ]
Table 1: Summarized result of proposal compared to TMC13v10

Conclusion 
In this contribution, the HLS modification on geom_tree_coded_axis_flag for octree geometry QTBT coding was proposed. The bitstream size can be reduced constantly without adding new syntax by using proposed method. 
We recommend that the proposed modifications be considered to be adopted in the G-PCC specification.
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geom_tree_coded_axis_flag[ Ivl ][ k] specifies whether the k-th axis is coded at a given depth, vl, of the
geometry tree. Theval £ . ded_axisf d to determine the size of th £ nod

‘When not present_or the value of geom tree coded axis flag[1vl] is equal to [0, 0, 0], the value af
geom tree_coded axis _flag[ Ivl ][ k] is inferred to be [1, 1, 1].

[Ed-The erder-of the levels in th i d—SW-should be fixed so- that we-can direetly tie the
L to-the tr ttreelevel or we re-define vk to be from the bottom and-d tinloop]

The array NodeSizesLog2, with values NodeSizesLog2[ Ivl ][ k] for Ivl = 0 .. geom tree_depth minus1 + 2
and k = 0 ... 2 indicating the size of the k-th dimension of a geometry node at tree depth lvl, is derived as
follows:

for (k = 0; k < 3; ki+) {
NodeSizesLog2[geom_tree_depth minusl + 1][k] = log2_trisoup_node_size
NodeSizesLog2[geom_tree_depth minusl + 2] [k] = log2_trisoup node_size
¥

AxisFlagPresent = 1
for (vl = 0; 1vl <= geom tree depth minusl; lvli+)
for (k= 0; k < 3; kt+) [
if (AxisFlagPresent && !geom tree coded axis flag[lvl][0] &&
igeom tree coded axis flag[lvl][1] && !geom tree coded axis flag[lvl][2])
AxisFlagPresent = 0;
if (IAxisFlagPresent) (
geom tree coded axis flag[lvl][0]
geom tree coded axis flag[lvl] (1]
geom tree coded axis flag[lvl][2]
1
NodeSizesLog2[1vl] [k] = NodeSizesLog2[lvl + 1]([k] + geom tree_coded_axis_flag[lvl] [k]
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