[image: ]	                                        ISO/IEC JTC 1/SC 29/WG 7 N533


ISO/IEC JTC 1/SC 29/WG 7
MPEG 3D Graphics Coding 
Convenorship: AFNOR (France)



Document type:	Output Document

Title:	Guidelines to use G-PCC for achieving best compression performances

Status:	Approved

Date of document:	2023-02-02

Source:	ISO/IEC JTC 1/SC 29/WG 7

Expected action:	None

Action due date:	None

No. of pages:	8 (with cover page)

Email of Convenor:	marius.preda @ imt . fr

Committee URL:	https://isotc.iso.org/livelink/livelink/open/jtc1sc29wg7




INTERNATIONAL ORGANIZATION FOR STANDARDIZATION
ORGANISATION INTERNATIONALE DE NORMALISATION
ISO/IEC JTC 1/SC 29/WG 7 MPEG 3D GRAPHICS CODING

ISO/IEC JTC 1/SC 29/WG 7 N533
January 2023, online


	Title
	Guidelines to use G-PCC for achieving best compression performances

	Source
	WG 7, MPEG 3D Graphics Coding

	Status
	Approved

	Serial Number
	MPEG 22457




Abstract
This document provides a description of a methodology to determine test conditions that lead to the most meaningful performance for GPCCv2. It also provides a list of best anchors based on geometry and attribute compression performance. 


1 Introduction
This document starts by listing all possible test conditions in G-PCC, including the inter solid point clouds conditions studied currently in the EE 13.60 [1] on the coding of dynamic solid point clouds. Then, this list of conditions is pruned by removing underperforming conditions and redundant conditions. This leads to a remaining set of meaningful conditions containing, as a subset, the best conditions having the best geometry and attribute compression performance. 

Runs of the Test Model on the best conditions lead to the so-called "G-PCC best anchors" against which proponents are strongly encouraged to compare their tools.  

This document is mainly based on the EE 13.62 report m61563 [2] that has compared the compression performance of the three geometry coding schemes and of the two attribute coding schemes, and then has identified best conditions. The goal of the EE 13.62 has been achieved and this EE is now closed.  



2 All possible test conditions 

Common Test Conditions can be found in the output document [3]. G-PCC contains a collection of compression tools as described in the following paragraphs.
2.1 Geometry coding 
There are three geometry coding schemes, namely 
· predictive tree
· occupancy tree 
· TriSoup 

2.2 Attribute coding 
There are two attribute coding schemes, namely 
· RAHT
· predlift

2.3 Coding conditions  
There are four coding conditions, namely 
· C1 Lossless Geometry – Lossy attributes 
· C2 Near-lossless | Lossy Geometry – Lossy Attributes 
· CW Lossless Geometry – Lossless Attributes 
· CY Lossless Geometry – Near-lossless Attributes

2.4 Categories of content 
Categories of content for GPCC are now 
· solid
· dense 
· sparse 
· scant
· AM-Fused 
· AM-Frame spinning Lidar
· AM-Frame non-spinning Lidar

[bookmark: _Hlk110630831]2.4 Intra an inter 
Intra coding is addressed for all categories. Inter coding is addressed only for categories “solid” (see EE13.60), “AM-Frame spinning Lidar” and “AM-Frame non-spinning Lidar”. 

2.5 All test conditions in one table
All possible test conditions are summarized in Table 1 below. Some conditions, in red, cannot be met because 
· TriSoup is a lossy geometry scheme, thus addressing only C2
· RAHT is a lossy attribute scheme, thus addressing only C1 and C2

[bookmark: _Hlk110629320]Table 1: all testable conditions 
[image: ]


3 Removing underperforming geometry conditions  
3.1 Intra
As reported in [2], it has been observed that, for categories solid and dense,
· the occupancy tree massively outperforms the predictive tree for both lossy and lossless geometry coding 
· TriSoup massively outperforms the occupancy tree for lossy geometry coding 

It has also been observed that, for categories sparse and scant, 
· it can't be globally decided between the occupancy tree and the predictive tree for lossless geometry coding, a selection is to be done for each particular content 
· the occupancy tree outperforms the predictive tree for lossy geometry coding 
· BR curves of TriSoup and the occupancy tree do not overlap significantly on some sequences for lossy geometry coding, and the best scheme cannot be decided.

Nevertheless, it is decided to keep the occupancy tree for lossy geometry compression because it is the first level, that may be worth being tested individually, of the TriSoup scheme. 


Finally, it has been observed that, for categories AM-Fused and AM-Frame, 
· the predictive tree significantly outperforms the occupancy tree for lossless geometry coding 
· the occupancy tree outperforms the predictive tree for lossy geometry coding of AM-Fused spinning, 
· the predictive tree slightly outperforms the occupancy tree for lossy geometry coding of AM-Frame,
· the predictive tree encoder is not yet adapted for AM-Fused non-spinning, resulting in the octree strongly outperforming the predictive tree on this category, 
· TriSoup cannot be used. 

These observations are summarized in the Table 2 below with the following colour code: red=impossible, orange=strongly underperforming geometry, yellow=underperforming geometry but kept. 
 
Table 2: good performing test conditions for geometry intra [image: ]
NB: as marked by an asterisk, the sequence Unicorn has been discarded for scant CW predictive tree as it is an extreme outlier. 
 
Percentages in the table are to be read as increase of the bitrate relative to the best anchor of the same line (= the same category) for same Cx condition. For example, considering, the “solid” category for C2 condition, the best geometry anchor is TriSoup, the occupancy tree performs +524% worse (in other words, 6 times worse, the bitstream is 6 times bigger for equivalent quality) than TriSoup, and the predictive tree performs 25 times worse than TriSoup.    

Underlines results are obtained from the TMv20, non-underlined results have been obtained on the TMv19 (with the bug fix [4]) and have not been retested with TMv20 because they are clearly underperformers with no hope of becoming a best anchor. 
 
3.2 Inter
The same observations still hold for inter coding, thus leading to the Table 3 below with same colour code as for Table 2. 

Table 3: good performing test conditions for geometry inter
[image: ]

Results in bold purple indicates the gains relative to the corresponding intra conditions. Results for C2 TriSoup on the solid category have been obtained from the report [1] of EE13.60. 

4 Removing redundant attribute conditions  
There is a redundancy for attribute coding that is tested for C1 and CY over both predictive tree and occupancy tree because the underlying geometry is losslessly coded, therefore the geometry does not depend on the geometry scheme. Consequently, one may choose to test only over either a predictive tree or an occupancy tree. 

As a rule of thumb, it seems reasonable to pick the geometry scheme that provides the best geometry compression in order to obtain the size of attributes within the smallest overall bitstream.

Table 4 below shows test conditions without redundancy with the following colour code: red=impossible, orange=strongly underperforming geometry, yellow= underperforming geometry but kept, blue= redundant attribute. 


[bookmark: _Hlk110634486]Table 4: good geometry performing and non-redundant test conditions 
[image: ]


5 Comparison of attribute coding schemes    
Table 5 below shows results when comparing the attribute RAHT scheme against the predlift scheme. Because RAHT cannot perform lossless coding, only lossy conditions can be compared. 

Table 5: comparison of RAHT against predlift (no QPchromaOffset)
[image: ]

Negative percentages show how much RAHT performs better than predlift, on the other hand red percentages show how much RAHT performs worse than predlift. 

For categories Solid, Dense, Sparse and Scant, the first percentage compares luma and the second one chroma. An imbalance luma/chroma is observed as RAHT performs consistently better on luma but worse on chroma. 

For category AM-Fused, the two percentages correspond to luma and reflectance (chroma results are not shown). For category AM-Frame, the unique percentage corresponds to reflectance comparison.  RAHT seems to perform better than predlift on AM categories, but not by a large margin. 

A balance luma/chroma similar to predlift is obtained by tuning the parameter QPchromaOffset for categories “solid”, “dense”, sparse” and “scant”. This balance is obtained by choosing QPchromaOffset=-1 for C1 conditions, and by choosing QPchromaOffset=-2 for C2 conditions as shown in the table below. 

Table 6: comparison of RAHT against predlift (with QPchromaOffset=-1 or -2)
[image: ]


The comparison between the two attribute schemes is finally conclusive as RAHT clearly outperforms preflift for lossy attribute compression.
 
6 Conclusion  
Table 7 provides the list of test conditions that are suggested to be simulated for the Test Model and for testing a proposed tool. Best geometry anchors are marked in green (O). Meaningful conditions for attribute anchors are marked with a (X). Underperforming anchors kept for sanity/non-regression tests or for foreseen non yet CTC types of content (non-spinning Lidar in the AM-Frame category for example) are marked with italic (X) in a yellow background.     

As RAHT outperforms predlift for lossy attribute coding, test conditions for lossy predlift are discarded as best anchors (hashed cells). 

Table 7: suggested tested conditions (x) and best geometry anchors (O)  
[image: ]
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