[bookmark: _GoBack]INTERNATIONAL ORGANISATION FOR STANDARDISATION
ORGANISATION INTERNATIONALE DE NORMALISATION
ISO/IEC JTC1/SC29/WG11
CODING OF MOVING PICTURES AND AUDIO

ISO/IEC JTC1/SC29/WG11 MPEG2019/m49628
July 2019, Gothenburg, SE



	Source
	Panasonic corporation

	Status
	Input document

	Title
	[G-PCC] On the unification of single-layer and multi-layer LoD in TMC13

	Author
	Toshiyasu Sugio 


Abstract

In this contribution, the analyzed result regarding the reason why the result is changed with unification enable vs disable proposed in m47406 is reported and further modification on G-PCC specification is proposed to achieve the unification. The results show no significant difference in terms of coding efficiency compared to TMC13v6 anchor, and it was confirmed that the unification code of single and multi-layer LoD produced same result as before and after by applying two modifications. 

Introduction

In last MPEG 126th meeting, it was proposed to unify single-layer LoD function to multi-layer LoD generation process in m47406 [1], and it was encouraged to be checked by software coordinator about more details. Then we received the message from software coordinator in which the simulation result is changed by proposed modification before and after. In this contribution, we report the analyzed result and propose further modification on G-PCC specification to achieve the unification.

Issue and Proposal

The reason why the result was changed with unification enable vs disable was analyzed by using TMC13v6, and it was found that the following further modification would be needed for the unification.

Modification 1: on intra LoD prediction for top layer (software bugfix)

In last MPEG meeting, intra LoD prediction method [2] was adopted and integrated into TMC13v6. But, it was found that intra LoD prediction was not applied for top layer in TMC13v6 unexpectedly due to our insufficient implementation. It would be needed to modify TMC13v6 software to support it for top layer in order to apply it for single-layer LoD after unification.

Modification 2: on insertNeighbor() function (normative change)

In current TMC13v6, buildPredictorsFastNoLod() for single-layer LoD and buildPredictorsFast() for multi-layer LoD are using insertNeighbor() function to select neighbour points for the prediction. In insertNeighbor() function, the swap process is conducted based on the value of weight and predictorIndex in order to sort neighbours as following, 

neighbour point a, b
if a.weight == b.weight then 
if a.predictorIndex < b.predictorIndex then swap(a, b)
else no swap
else
if a.weight < b.weight then swap(a, b)
else no swap

However, the predictorIndex to be used in current TMC13v6 seems to be different between buildPredictorsFastNoLod() and buildPredictorsFast() function. In buildPredictorsFastNoLod(), Morton code is used as predicotrIndex, while in buildPredictorsFast(), 3D point index is used as predictorIndex. Since it was changed to use buildPredictorsFast() for single and multi-layer LoD cases in previous unified code of m47406, it caused mismatch result compared to use original buildPredictorsFastNoLod().

To solve this issue, one way would be to modify swap process not to use predictorIndex as following,

(modification 2-1)
neighbour point a, b
if a.weight == b.weight then 
if a.predictorIndex < b.predictorIndex then swap(a, b)
else no swap
else
if a.weight < b.weight then swap(a, b)
else no swap

It's obviously normative change and it would affect objective result in somewhat.

Another way would be to modify it to use Morton code as following,

(modification 2-2)
neighbour point a, b
current point cur
if a.weight == b.weight then
if a.predictorIndex < b.predictorIndex then swap(a, b)
	if | a.Morton – cur.Morton | < | b.Morton – cur.Morton | then swap(a, b)
	else no swap
else
	if a.weight < b.weight then swap(a, b)
	else no swap

By doing it, neighbour point which has closer Morton code from current point can be selected in case of the same weight value. This modification would be beneficial for encoder and decoder to search neighbour points in parallel processing.

Unification of single and multi-layer LoD
By applying above modification 1 and 2-1 or 2-2, it was confirmed that the unification code of single and multi-layer LoD produced same result as before and after.

Experimental results

The modified methods were implemented on TMC13v6 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 modification 1 regarding intra LoD prediction for top layer compared to TMC13v6 anchor. It shows no significant difference compared to TMC13v6 anchor. Detailed result is included in the attached excel sheet (pcc-tmc3v6.0_octree_predlift_anchor_vs _mod1.xlsm).
Table 2 shows the result modification 2-1 regarding insertNeighbor() function. It shows no significant difference compared to TMC13v6 with modification 1. Detailed result is included in the attached excel sheet (pcc-tmc3v6.0_octree_predlift_anchor+mod1_vs_mod2-1.xlsm).
Table 3 shows the result of unification on single and multi-layer LoD generation process. It shows same result compared to TMC13v6 with modification 1 and 2-1. Detailed result is included in the attached excel sheet (pcc-tmc3v6.0_octree_predlift_anchor+mod1+mod2-1_vs_ unification.xlsm).
Table 4 shows the result modification 2-2 regarding insertNeighbor() function. It shows no significant difference compared to TMC13v6 with modification 1. Detailed result is included in the attached excel sheet (pcc-tmc3v6.0_octree_predlift_anchor+mod1_vs_mod2-2.xlsm).
Table 5 shows the result of unification on single and multi-layer LoD generation process. It shows same result compared to TMC13v6 with modification 1 and 2-2. Detailed result is included in the attached excel sheet (pcc-tmc3v6.0_octree_predlift_anchor+mod1+mod2-2_vs_ unification.xlsm).
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Conclusion 

In this contribution, the analyzed result regarding the reason why the result was changed with unification enable vs disable proposed in m47406 was reported and further modification on G-PCC specification was proposed to achieve the unification. The results showed no significant difference in terms of coding efficiency compared to TMC13v6 anchor, and it was confirmed that the unification code of single and multi-layer LoD produced same result as before and after by applying two modifications. Based on this result, we suggest including this modification in next G-PCC CD text modification and TMC13 software.
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