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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
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Introduction

Advances in 3D capturing and rendering technologies have unleashed a new wave of innovation in Virtual/
Augmented/Mixed reality (VR/AR/MR) content creation and communication. Point clouds have arisen as
one of the main representations for such applications. Geometry-based point cloud compression data is
used for representing sparse dynamically varying point clouds such as those used in vehicular LiDAR or 3D
mapping, as well as dense static point clouds used in cultural heritage, and industrial applications.

This document addresses technologies defining the carriage of geometry-based point cloud compression
data for storage and delivery purposes. This document includes(but is not limited to):

— Stprage of geometry-based point cloud compression data and the associated metadata using the ISP Base
MEgdia File Format (ISOBMFF) as specified in ISO/IEC 14496-12;

— Stprage of non-timed geometry-based point cloud compression data and the associated metadatd using
HEVC Image File Format (HEIF) as specified in ISO/IEC 23008-12;

— Encapsulation, signalling, and streaming of geometry-based compression data'in a media streaming
sylstem, for example, dynamic adaptive streaming over HTTP (DASH) as specified’in ISO/IEC 23009-1 or
MPEG media transport (MMT) as specified in ISO/IEC 23008-1.

© ISO/IEC 2024 - All rights reserved
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immersive media —

Part 18:

Cary

This d
comp

flexible

2 N

pcument specifies a media format that enables the storage and delivery of geometsy-based poin
ession data. The geometry-based point cloud compression data can be timed or‘aen-timed. It su
extraction of geometry-based point cloud compression data at delivery or decoding time.

prmative references

The fo]lowing documents are referred to in the text in such a way that sonie or all of their content cons
requirements of this document. For dated references, only the edition cited applies. For undated refej
the latlest edition of the referenced document (including any amendinents) applies.

ISO/IHC 9834-1, (Rec. ITU-T X.660), Information technology —~Procedures for the operation of object idd
registifation authorities — Part 1: General procedures and tap.arcs of the international object identifier t

ISO/IHC 9834-8, (Rec. ITU-T X.667), Information technolégy — Procedures for the operation of object ide
registifation authorities — Part 8: Generation of universally unique identifiers (UUIDs) and their use in
identiffers

ISO/IHC 14496-12, Information technology —<\Coding of audio-visual objects — Part 12: I1SO base me

forma

ISO/IHC 23008-1:2023, Information technology — High efficiency coding and media delivery in heterog

enviro

hments — Part 1: MPEG medittransport (MMT)

ISO/IHC 23008-12:2022, Information technology — MPEG systems technologies — Part 12: Image File Fg

ISO/IHC 23009-1:2022, Infarmation technology — Dynamic adaptive streaming over HTTP (DASH) —

Media

presentation description and segment formats

ISO/IHC 23090-9:2023, Information technology — Coded representation of immersive media (MPEG-I) -

9: Geo

metry-based point cloud compression

IEEE 754-2019, IEEE Standard for Floating-Point Arithmetic.

W3C Hecommendation, XML schema part 1: Structures

F cloud
bports

Fitutes
ences,

ntifier
ree

ntifier
object
lia file

pneous

rmat

Part 1:

— Part

W3C Recommendation, XML schema part 2: Datatypes

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 23090-9 and the following

apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— IS

O Online browsing platform: available at https://www.iso.org/obp
© ISO/IEC 2024 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

31

attribute track

volumetric visual track which carries ADUs of one instance of a particular attribute component of coded
point cloud frames

3.2

attribute tile track

G-PCC tile track (3.10) which carries ADUs of one instance of a particular attribute component corresponding
to one or more G-PCC tiles

3.3
G-PC(bitstream
sequence of bits of the coded point cloud sequence

Note 1Jto entry: G-PCC bitstream is specified in ISO/IEC 23090-9.

3.4
G-PC(bitstream track
volumptric visual track which carries the entire coded point cloud sequence

3.5
G-PC( content
volumetric visual media that that consists of one or more point cloud frames

Note 1|to entry: Each point cloud frame includes a number of points, idetitified by their positions in 3D space, 3nd the
associgted attributes (e.g. colour) at a particular time instance.

3.6
G-PC(Q component track
volumetric visual track which carries DUs of one instanice of a particular G-PCC component

Note 1|to entry: There are two types of G-PCC componeént tracks: one is geometry track (3.7) and the other is aftribute
track (B.1).

3.7
geometry track
volumptric visual track which carries GPUs of the coded point cloud frames

3.8
geometry tile track
G-PCCltile track (3.10) which earries GDUs of one or more G-PCC tiles

39
G-PC(player
application responsible for receiving files/segments or accessing files locally, decapsulating files/segments,
decoding the G-BCC bitstream, reconstructing point cloud frames from the decoded G-PCC bitstreain, and
rendering the;point cloud frames

3.10
G-PCCtitetrack
volumetric visual track which carries either any of DUs corresponding to one or more G-PCC tiles

3.11
G-PCC tile base track
volumetric visual track which carries DUs which can be applied across the associated G-PCC tile tracks (3.10)

© ISO/IEC 2024 - All rights reserved
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4 Abbreviated terms

ADU
APS
DASH
DU
FBDU

attribute data unit (specified in ISO/IEC 23090-9)

attribute parameter set (specified in ISO/IEC 23090-9)

dynamic adaptive streaming over HTTP (specified in ISO/IEC 23009-1)
data unit (specified in ISO/IEC 23090-9)

frame boundary marker data unit (specified in ISO/IEC 23090-9)

FSAP
GDU
GPS
HTTP
HEIF
ISOBM
MMT
SPS

50

5.1

Geomg
point

a num
attrib

The ¢
encod
numbg

frame-specific attribute properties (specified in ISO/IEC 23090-9)
geometry data unit (specified in ISO/IEC 23090-9)
geometry parameter set (specified in ISO/IEC 23090-9)
Hyper-text transfer protocol
HEVC image format (specified in ISO/IEC 23008-12)

FF ISO base media file format (specified in ISO/IEC 14496-12)
MPEG media transport (specified in ISO/IEC 23008-1)

sequence parameter set (specified in ISO/IEC 23090-9)

verview

Dverall architecture for carriage of geometry-based point cloud compression data

ptry-based point cloud compression (G-PCC) provides the method for efficiently compressi
rloud sequence which consists of one ef.more point cloud frames. Each point cloud frame cong

er of points and each point is a tuple-of a three-dimensional position and attribute values for
te present in the point cloud.

pded point cloud sequence forms a G-PCC bitstream comprising of data represents a volu
ng of point clouds consisting of a sequence of point cloud frames. Each point cloud frame incl
r of points, identified By,their positions in 3D space, and their associated attributes at a par

time instance. The number(of points can vary from one frame to another.

param
geome
associ

Figurg
applic

hg the
ists of
every

metric
udes a
ficular

eter sets and slices of coded point cloud frames. Every slice includes a GDU which codes thg slice

try and ADUs‘or defaulted attribute DUs which code the slice attributes. The group of slices 1
hted with spdtial regions in a point cloud to aid spatial access.

| 1 showsithe overall architecture for a typical content flow process for carriage of G-PCC data a
hble'te'both live and on-demand use cases.

hay be

nd it is
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Figure 1 — Overall architecture flow process of for carriage'of G-PCC data

world visual scene (A) is captured by a set of cameras or a camera device with multiple lensps and
s. Avirtual visual scene (A) is also captured by virtual camera. The acquisition results in a point cloud
sequelce comprising of one or more point cloud frames (B). The{ppint cloud sequence can be timed d
Each point cloud frame includes a set of points, identified by their positions in a three-dimer]sional
ian coordinate system, and associated attributes at,a particular time instance. All points in th¢ same
Cloud frame have the same number of attributes,.The number of points may vary from one|frame
to andther. Each point cloud frame is coded as a sequehce of slices and each slice comprises a sequsg
sulated DUs. One or multiple point cloud frames are multiplexed into a G-PCC bitstream(E). The|G-PCC
am are then encapsulated into a media file;for file playback (F) or a sequence of an initialjzation
nt and media segments for streaming (F);\according to a particular media container file format. The
ata which can contribute to interpret and to consume the point cloud frames is encapsulated ifto the
the segments. The point cloud metadata can describe, for example, the mapping between pojnts to
regions within a point cloud. Thessegments F, are delivered using a delivery mechanism to a|G-PCC

3.

PCC player processesthe file (F’) or the received segments (F’j) and extracts the G-PCC bitstream (E’)
rses the metadatat“The G-PCC bitstream is then decoded into one or multiple point cloud frames (D’)
e point clouds arereconstructed from the decoded point cloud frames (D’). The reconstructed point
are rendered‘and displayed onto the screen of a head-mounted display or any other display device
on the viewport information, such as the current viewing position, viewing orientation, or the field of
hformation, which is determined by various types of sensors. Besides being used by the G-PCC player

tracks are extracted from the file. In viewport-dependent delivery, the viewport information fis also

passed tothe strategy module, which determines the segments to be received based on the current viewport.

ss the appropriate part of the point clouds, the viewport information can also be used for deterl£;ining

This process is applicable to both live and on-demand use cases.

The following interfaces are specified in this document:

— F/F’: media file including the specification of the track formats in Clause 7 for timed G-PCC data, in

Clause 8 for non-timed G-PCC data, and in Clause 9 for metadata in ISOBMFF.

— Clause 10 specifies the delivery related interfaces for DASH delivery.

— Clause 11 specifies the delivery related interfaces for MMT delivery.

© ISO/IEC 2024 - All rights reserved
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The other interfaces in Figure 1 are not specified in this document.
5.2 Referenceable code points

5.2.1 Brands

The brands are used in this document to indicate conformance points to an encapsulation mode and a
specific set of tools that are defined in this document. It may be indicated in the FileTypeBox.

The brands specified in this document are listed in Table 1 and defined in Annex A.

Table 1 — Brands specified in this document

Brand identifier (Siubclause in this Description
ocument
gpst A21 Single track encapsulation
gpmt A.2.2 Multiple track encapsulation
gppa A.2.3 Encapsulation with partial access support
gpci A3 Non-timed G-PCC encapsulation

5.2.2 | Sample entry type

The sgmple entry type specified in this document are listed in Table 2.

Table 2 — Sample entry types specified’in this document

Sample entry type Subclause in this Description
p ytyp document p

gpel 7.3.2 For use with,the single track encapsulation with all parameter s¢t data
units carpying SPS, GPS, and APS carried in decoder configuration fecord

gpeg 7.3.2 For use-with the single track encapsulation with all parameter s¢t data
units'carrying SPS, GPS, and APS carried in decoder configuration fecord
and-in track samples

gpcl 7.4.2 For use with the multiple track encapsulation with all parameter s¢t data
units carrying SPS, GPS, and APS carried in decoder configuration record

gpcg 7.4.2 For use with the multiple track encapsulation with all parameter s¢t data
units carrying SPS, GPS, and APS carried in decoder configuration record
and in track samples

gpeb 7.5.2.1 For use with a tile base track with G-PCC tile track(s) containing PUs of
all components

gpcb 75.2.1 For use with a tile base track with G-PCC tile track(s) containing PUs of
one instance of a particular component

gptl 7.5.3.1 For use with a G-PCC tile track

gpdr 9.1.3.2 For use with a timed metadata track indicating the dynamic spatial regions
that are dynamically changing over time

gpdv 9-2-4-2 FUI uStTvv ;th d t;lll\,d lu\,tadata tl Cl\.«l\ ;ud;\,at;us \4 ;\, \A4 lJUl t ;lllcUl 1uat;un that
are dynamically changing over time

5.2.3 Boxtypes

The box types specified in this document are listed in bold in Table 3. Mandatory boxes are marked with an
asterisk. Box types without a four-character code are marked with - in the structure.

© ISO/IEC 2024 - All rights reserved
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Table 3 — Box types specified in this document and their relation to boxes not specified in this

document
Box types, structure, and cross-reference
moov * |[ISOBMFF |container for all the metadata
trak * |ISOBMFF |container for an individual track or stream
mdia * |[ISOBMFF |container for the media information in a track
minf * |ISOBMFF |media information container
stbl * |ISOBMFF |sample table box, container for the time/space map
stsd * | ISOBMFF |sample descriptions (codec types, initialization etc.)
- ISOBMFF |visual sample entry
- 6.1.3 volumetric visual sample entry
gpcC 7.2.2 G-PCC decoder configuration box
ginf 7.2.3 G-PCC component information box
gptC 7.5.3.1 G-PCC tile configuration bax)
gpsr 8.3.3 Static spatial region information box
gvpC 9.2.3 Viewport information €onfiguration Box
gpdr 9.1.3.2 Dynamic spatidlregion timed metadata sampfe entry
gpsr 8.3.3 Static spatiahregion information box
gpdv 9.2.4.2 Viewportinformation timed metadata samplg entry
gvpC 9.2.3 Viewport information Configuration Box
meta ISOBMFF _|Metadata
grpl ISOBMEE) ‘group list box
vpta 8.4.1 Viewport association box
iprp ISOBMFF |item properties box
ipco ISOBMFF |item property container box
gpcC 8.3.1 G-PCC configuration item property
ginf 8.3.2 G-PCC component information item property
gpsr 8.3.3 G-PCC spatial region item property
gpti 8.34 G-PCC tile information item property
5.2.4 | Track reference types
The trpck reference types spegified in this document are listed in Table 4.
Table4 — Track reference types specified in this document
TracKreference |Subclause in this Description
type deCument
gpca 74.4 Referenced track is an attribute track
gpbt 7.5.5 Referenced track is a G-PCC tile track
5.2.5 Entity grouping types

The entity grouping types specified in this document are listed in Table 5.

Table 5 — Entity grouping types specified in this document

Entity groping Subclause in this Description

type document

vpta 8.4.1 Viewport association between G-PCC items and the viewport information
timed metadata track

© ISO/IEC 2024 - All rights reserved

6



https://standardsiso.com/api/?name=8cac2d746d5f8eb2d06ccb3e29fed4d8

ISO/IEC 23090-18:2024(en)

5.2.6 Sample grouping types

The sample grouping types specified in this document are listed in Table 6.

Table 6 — sample grouping types specified in this document

Sample grouping |Subclause in this Description

type document

gtii 7.2.4 Tile inventory sample group
5.2.7 —Uniformresource names

The URNSs specified in this document are listed in Table 7.

Table 7 — URNSs specified in this document

URN Subclause in this Description
document

urn:mpeg:mpegl:gpcc:2023 10.2.2.1 Namespace fof the XML elements and
attributes specified in this document

urn:mpeg:mpegl:gpcc:2023:component 10.2.2.2 Schemeidentifier for the G-PCC component
DASH-MPD descriptor

urn:mpeg:mpegl:gpcc:2023:gpc 10.2.2.3 Scheme identifier for the G-PCC cpntent
DASH MPD descriptor

urn:mpeg:mpegl:gpcc:2023:gpsr 10.3.1 Scheme identifier for the G-PCC|static
spatial region DASH MPD descriptor

urn:mpeg:mpegl:gpcc:2023:tilelD 10.3.3¢1 Scheme identifier for the G-PCC|tile id
DASH MPD descriptor

urn:mpeg:mpegl:gpcc:2023:rv 10.4.1 Scheme identifier for the static lecom-
mended viewports DASH MPD des¢riptor

urn:mpeg:mmt:app:gpcc:2023 11.3.1 Scheme identifier for the MMT [G-PCC
specific signalling messages

6 Volumetric media

6.1 Volumetric visual media

6.1.1 | General

A volymetric visual traek shall be identified by the volumetric visual media handler type 'volv' |in the

Handl¢rBox of thedlediaBox, as defined in ISO/IEC 14496-12, and by a volumetric visual media header as

defineld in subclause 6.1.2.

Multigle volumetric visual tracks can be present in the file.

6.1.2 L Volumetricvisual media header

6.1.2.1 Definition

Box Type:  'vvhd'

Container: MediaInformationBox
Mandatory: Yes

Quantity: Exactly one

© ISO/IEC 2024 - All rights reserved
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Volumetric visual tracks shall use a volumetricvisualMediaHeaderBox In the MediaInformationBox as

define

d in ISO/IEC 14496-12.

6.1.2.2 Syntax

aligned(8) class VolumetricVisualMediaHeaderBox
extends FullBox ('vvhd', version = 0, 1) {

}

6.1.2.3 Semantics

versi

6.1.3

6.1.3.

Volum|

6.1.3.]
class
ext

un

/7

6.1.3.:

compry
by
el
m

6.1.4

abstrg
exten
{

}

6.1.5
The fo

7 T

7.1

n 1S an Integer that speciiies the version of this Dox.
Volumetric visual sample entry

|  Definition

etric visual tracks shall use a volumetricvisualSampleEntry.

. Syntax

VolumetricVisualSampleEntry (codingname)
ends SampleEntry (codingname) {

igned int (8) [32] compressorname;

other boxes from derived specifications

8 Semantics

ssorname is a name, for informative purposes. It'is formatted in a fixed 32-byte field, with th

coded using UTF-8, and then padding to complete 32 bytes total (including the size byte). Th
by be set to 0.

Volumetric visual sample group entry

ct class VolumetricVisualSampleGroupEntry (unsigned int (32) grouping type)
s SampleGroupDescriptionEntry (grouping type)

Volumetric visual- samples

rmat of a volumetric visual sample is defined by the coding system.

med G:PCC data storage in ISOBMFF

eneral

e first

te set to the number of bytes to be displayed, followed by that number of bytes of displayable data

e field

This clause specifies the below encapsulation of G-PCC bitstream in tracks within a file, and only one of the

below

encapsulations shall be used at the same time.

— Single track encapsulation of G-PCC bitstream, where one track carries the entire coded point cloud

se

quence, as specified in subclause 7.3.

— Multiple track encapsulation, where the coded bitstream of single G-PCC component of the point cloud

se

quence is encapsulated into a separate track, as specified in subclause 7.4.

— Encapsulation with G-PCC tile tracks, where DUs of one or more G-PCC tiles are encapsulated into a

se

parate track, as specified in subclause 7.5.
© ISO/IEC 2024 - All rights reserved
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The order of G-PCC slices and DUs of the output G-PCC bitstream after decapsulation should be maintained
as the order of G-PCC slices and DUs of the original G-PCC bitstream.

Annex D provides a summary of the sample entry types and sample formats for tracks defined in this
document.

7.2 Common boxes and data structures

7.2.1 G-PCC decoder configuration record

7.2.1. Definition
This spibclause specifies the G-PCC decoder configuration information for ISO/IEC 23090-9 content’

This -PCC decoder configuration record contains the information for configuration and\initialization of
G-PCC|decoder. It contains a configurationversion field. This edition of this document\defines version 1
of thig record. Incompatible changes to the record will be indicated by a change of-configuration version
numbér. Compatible extensions to this record will extend it and will not change thé)configuration vlersion
numbe¢r. The G-PCC player shall not attempt to decode this record or the G-PCC bitstreams to which it gpplies
if the yalue of configurationversion is not supported or recognized.

The vjalues for simple_profile_compliant, dense profile compliant, ,~‘predictive profile compliant,
and rlain profile compliant shall indicate a profile to which the G*REC bitstream associated with this
configuration record conforms. The value for 1evel idc shall indicate:alevel of capability equal to or greater
than the highest level indicated for the highest tier in all the parameter sets. These values to indicate the
conforimance to a certain profile and 1evel idc shall be valid ferall parameter sets that are activated when
the G-PCC bitstream described by this record is decoded (referred to as "all parameter sets" below). The
G-PCC|player ignores the G-PCC bitstream if the indicated profiles are not supported or recognized.

The sqtupunit array shall include data units that are«¢onstant for the bitstream referred to by the Jample
entry |n which the decoder configuration record is present. The type of data units is restricted to indicate
SPS, GPS, and APS.

7.2.1.2 Syntax

aligngd(8) class GPCCDecoderConfigurationRecord ({
ungigned int (8) configurationVersion = 1;

ungigned int (2) resevend, = 1;
ungigned int (1) simpTesprofile compliant;
ungigned int (1) defise“profile compliant;
ungigned int (1) predictive profile compliant;
ungigned int (1) main profile compliant;
ungigned int (18) reserved profile 18bits
ungigned int (8) level idc;
ungigned int (89 numOfSetupUnits;
for (i=0; i<numOfSetupUnits; i++) {
tlv_encapsulation setupUnit; //as defined in ISO/IEC 23090-9, Annex B

// |additsienal fields

7.2.1.3 Semantics

configurationVersion is a version field. Incompatible changes to the record are indicated by a change of the
value of this field. In this edition of the document, it shall be equal to 1.

simple profile compliant equal to 1 specifies that the G-PCC bitstream conforms to the Simple profile
defined in ISO/IEC 23090-9:2023, Annex A. simple profile compliant equal to O specifies that the
G-PCC bitstream does not conform to the Simple profile.

© ISO/IEC 2024 - All rights reserved
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dense profile compliant equal to 1 specifies that the G-PCC bitstream conforms to the Dense profile
defined in ISO/IEC 23090-9:2023, Annex A. dense profile compliant equal to O specifies that the
G-PCC bitstream does not conform to the Dense profile.

predictive profile compliant equal to 1 specifies that the G-PCC bitstream conforms to the Predictive
profile defined in ISO/IEC 23090-9:2023, Annex A. predictive profile compliant equal to 0 specifies
that the G-PCC bitstream does not conform to the Predictive profile.

main profile compliant equal to 1 specifies that the G-PCC bitstream conforms to the Main profile defined
in ISO/IEC 23090-9:2023, Annex A. main profile compliant equal to O specifies that the G-PCC
bitstream does not conform to the Main profile.

NQTE When none of simple profile compliant, dense profile compliant, predictive.prpfile
cdmpliant, and main profile compliant setto 1, it means the G-PCC bitstream does not confonm, to profiles
ddfined in ISO/IEC 23090-9:2023, Annex A.

reseryed profile 18bits shall be equal to 0 in this configuration version 1 of this record, Other valyes for
rdserved profile 18bits are reserved for future use by ISO/IEC. The G-PCC playér eonforming fo this
edition of the document shall ignore the value of reserved profile 18bits.

level|idc indicates a level to which the G-PCC bitstream conforms as specified jin ISO/IEC 23090-9:2023,
Ampnex A. The bitstream shall not contain values of 1evel idc othér than those speciffed in
ISP/IEC 23090-9:2023, Annex A. Other values of 1evel idc arereserved for future use by ISO/IHC.

numOf§etupUnits specifies the number of following setupunit presentin‘the decoder configuration record.

setupynit contains one data unit carrying one of SPS, GPS, and ARS(as defined in ISO/IEC 23090-9.
7.2.2 | G-PCC decoder configuration box

7.2.2.1 General

A G-PLC decoder configuration box includes the>¢PccbecoderconfigurationRecord which contaips the
information for configuration and initialization of G-PCC decoder as defined in subclause 7.2.1.

This eflition of this document, the version'shall be equal to 0.

7.2.2.2  Syntax

aligngd(8) class GPCCConfigurationBox extends FullBox ('gpcC', 0, 0) {
GP(CDecoderConfigurationRecord () ;

}

7.2.2.3 Semantics

GPCClpecoderConfigurationRecord is defined in subclause 7.2.1.

7.2.3 | G-PCCcomponent information box

7.2.3. Definition

This box specifies G-PCC component information including the type of G-PCC components (e.g. geometry,
attribute). When this box is present in a sample entry of a track, it indicates the type of G-PCC components
carried by the respective track. When this box is present in a sample entry of the G-PCC attribute track, it
also provides the attribute name, index and an optional attribute type information by the attribute label or
the international object identifier of G-PCC attribute component carried by the respective G-PCC attribute
track.

The value of f1ags in this box indicates the presence of attribute type information and how the attribute
type is indicated if the attribute type information presents as follows:

© ISO/IEC 2024 - All rights reserved
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flags value Description
0x000000 No attribute type information presents
The attribute type information presents, and the attribute type is indicated by the value
0x000001
ofattr label.
0x000002 Reserved
0x000003 The attribute type information presents, and the attribute type is indicated by the value

ofattr label oid.

0x00004.. OxFFFFFF Reserved.

7.2.3.

align
GP
}

align
un
if

7.2.3

comp_{

2 Syntax

¢d (8) class GPCCComponentInfoBox extends FullBox ('ginf', 0, flags){
CComponentInfoStruct (flags);

¢d (8) class GPCCComponentInfoStruct (bit (24) flags) {
igned int (8) comp_ type;
comp_type == 4) {
unsigned int (8) attr index;
if(flags == 0x000001) {
unsigned int (3) attr label;
}elseif (flags == 0x000003) {
oid attr label oid;
}

utf8string attr name;

.3 Semantics

value of this field shall be either 2 or 4.

Table 8 —G-PCC Component Type

comp_type value Description

1 Reserved

2 Geometry component
3 Reserved

4 Attribute component
5.31 Reserved.

1ndex identifies\an attribute component by indicating the order of the attribute signalled

SHS. The firstour bits of this value shall be equal to sps_seq parameter set id of the SPS in

thie sps_seq parameter set id.

attr ]

abeMidentifies the type of attribute component as specified in ISO/IEC 23090-9:2023, Table 9.

ype identifies the type of G-PCC component as sp€cified in Table 8. In this edition of the documejnt, the

in the
G-PCC

itstream and the last four bits of this value shall be equal to attr1dx signalled in the SPS indicated by

attr label oid specifies an ASN.1 object identifier value in the international object identifier tree. The
international object identifier shall either be assigned by a registration authority in accordance with
Rec. ITU-T X.660 | ISO/IEC 9834-1 or generated without registration using a universally unique identifier
(UUID) as specified by Rec. ITU-T X.667 | ISO/IEC 9834-8. The syntax of object identifier is described in

IS

O/IEC 23090-9:2023, subclause 11.4.7.1.

attr name specifies a human-readable name for the type of G-PCC attribute components.
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7.2.4 Tile inventory information sample group

7.2.4.1 Definition

Group Types: 'gtii'

Container: Sample Group Description Box (' sgpd')
Mandatory: No
Quantity: Zero or more

The use of 'gtii' for the grouping type in sample grouping represents the assignment of samples in

G-PCC track to the tile inventory information carried in this sample group. When a sampleToGroupBo

x with

grouping_type equal to 'vaps' is present, an accompanying SampleGroupDescriptionBox with the
grouping type shall be present and contains the ID of the group that the samples belong to.

Whenfthe tile inventory data units are present in the G-PCC bitstream, it is carried as the below.

— When the G-PCC bitstream is carried by using G-PCC tracks with track type 'gpc1¥, the tile inv
information sample group with grouping type 'gtii' shall be present in the G-PCC geometry trag
G{PCC attribute tracks shall not contain the sample group with grouping type ~gtii"'.

— Ulﬁder the 'gpcg' sample entry, the tile inventory information may b€ present in a tile inv
information sample group description entry with grouping type 'gtiit\or'in the samples of the
gdometry track.

— Under the 'gpe1' sample entry, the tile inventory information sample group with grouping type
sHall be present.

— Ulﬁder the 'gpeg' sample entry, the tile inventory information may be present in a tile inv
information sample group description entry with grouping type 'gtii' or in the samples of the
bifstream track.

— When the G-PCC bitstream is carried by using G-PCC tile tracks, sample grouping type 'gtii' sh

same

entory

k. The

entory
G-PCC

gtii'

entory
G-PCC

all not

bg present with a track with a sample entry.'gptb', 'gpeb', and 'gpt1'. The tile inventory information

sHall be available in G-PCC tile base track samples.

7.2.4.2 Syntax
aligngd(8) class TilelInventoryInfoEntry()
exftends VolumetricVisualSampleGroupEntry ('gtii') {

//41lv_encapsulation as defdiwed in ISO/IEC 23090-9
tly encapsulation tiesdnventory DU;

7.2.4.3 Semantics

tile {nventory DB(contains a tile inventory data unit, as instance of TLV encapsulation structure o
type equalto’5 as defined in ISO/IEC 23090-9, which applies to associated samples in the track.

7.3 Bingle track encapsulation

[ tlv

7.3.1 General

A single track encapsulation of G-PCC bitstream requires that the entire G-PCC bitstream is carrie

d by a

G-PCC bitstream track. Each sample in the track corresponds to a single point cloud frame and contains at

least one GDUs, zero or more ADUs, and zero or more parameter set data units.

More than one track for same G-PCC bitstream shall not be present. Any G-PCC component tracks sh
be present.
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Sample entry

7.3.2.1 Definition

Sample Entry Type: 'gpel' or 'gpeg'

Container: SampleDescriptionBox
Mandatory: A 'gpel' or 'gpeg' sample entry is mandatory.
Quantity: One or more sample entries may be present.

A G-PCCbitstream track shall use the GpccBistreamSampleEntry with a sample entry type of ' gpe1'or 'gpeg'.
A G-PCC bitstream track sample entry shall contain a GpccconfigurationBox as defined in subclause 7.2.2.

Under

setupl
array,

A G-P(

7.3.2.]

alignd
ext

//
GP

7.3.2.:

compr{
w
he
st

confi

7.3.3

7.3.3.

Each (
belong

Figurg
bitstrg
least g

the 'gpe1' sample entry, all parameter set data units carrying SPS, GPS, and APS shall"be
init array. Under the 'gpeg' sample entry, the parameter set data units can be presentin the set

or in the stream.

C bitstream track sample entry shall not contain a GecccomponentInfoBox as definedin subclaus
P Syntax

d(8) class GPCCBitstreamSampleEntry ()

ends VolumetricVisualSampleEntry (unsigned int type) {

type is 'gpel' or 'gpeg'

CConfigurationBox config; //mandatory

8 Semantics

th the value "\013Gpcc coding" being recommended; the first byte is a count of the remaining|
re represented by \013, which (being octal 13):i5°11 (decimal), the number of bytes in the rest
ring.

includes G-PCC decoder configuration record information, as defined in subclause 7.2.2.
Sample format

| Definition

-PCC sample corresponds.to a single point cloud frame and shall contain one or more data units
to the same presentation time. A sample may be self-contained (e.g. a sync sample).

| 2 depicts an example of the sample structure of a G-PCC bitstream track when the original
am contains gegmetry component and one attribute component. In this case, each sample cont
ne GDU, oneADU, or zero or more parameter set data units.

Sample

in the
pUnit

2 7.2.3.

ssorname in the base class volumetricvisualSampleEntty indicates the name of the compressor used

bytes,
of the

which

G-PCC
hins at

Parameter set

Geometry Attribute data

data unit . )
data unit unit

(if, present)

Figure 2 — Example of sample structure of a G-PCC bitstream track

When FSAP DUs are available in G-PCC bitstream, FSAP DUs shall be carried in the sample containing ADUs
of the corresponding point cloud frame. If it is present, it shall precede any ADUs in the sample.
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7.3.3.2 Syntax

aligned(8) class GPCCSample

{

unsigned int GPCCLength = sample size; //Size of Sample

for (i=0; i< GPCCLength; ) // to end of the sample
{

unsigned int (8) tlv_type;

unsigned int (32) tlv _num payload bytes;

bit (tlv_num payload bytes*8) data unit;

i += (1+4)+tlv_num payload bytes;

7.3.3.:

tlv_ ty
IS

tlv n

data

7.3.3.4

For th
of the
box as

— 0:

— 1:
to

inpentory or frame boundary marker.

B Semantics

pe identifies the syntax structure represented by the following data unit, “as’ defid
D/IEC 23090-9:2023, Annex B.

nit contains a single DU which corresponds to the same point cloud frame.

l  Sub-sample

b use of SubSampleInformationBox, a sub-sample is defined on the'basis of the value of the f1ad
SubSampleInformationBox. The flags field specifies the type of'sub-sample information given
follows:

G-PCC data unit based sub-samples. A sub-sample contains only one DU.

Tile-based sub-samples. A sub-sample either contains one or more contiguous DUs corresp
one G-PCC tile or contains one or more contigueus DUs which contain either each parameter s

m_payload bytes specifies the length in bytes of the syntax element of the following data unit|.

ed in

s field
in this

nding
et, tile

ield in

arded

— Other values of f1ags are reserved.
The stbsample priority field shall be setto a value in accordance with the specification of this f
[SO/IHC 14496-12.
The discardable field shall be set to 1 only if this sample is still decodable if this sub-sample is dis
(e.g. the sub-sample consists of only tile inventory, frame boundary marker, and user data unit).
The cddec specific paraméters field of the subsampleInformationBox is defined as follows:
if (flags == 0) {
ungigned int (8) payloadType;
if| (payloadTypge == 4) {
unsignedrint (6) attrIdx;
bit 8y reserved = 0;
}
elge
bit (24) reserved = 0;
} elsqg »Ff (flags == 1) {
unsigned int (1) tile data present;
bit (7) reserved = 0;
if (tile data present)
unsigned int (24) tile id;
else
bit (24) reserved = 0;

}

payloadType provides the value of the t1v type of the DU present in the sub-sample.

attrIdx indicates the ash attr sps attr idx of the apu present in the sub-sample.
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tile data present equal to 1 indicates that the sub-sample contains GDUs, defaulted ADUs, or ADUs
corresponding to one G-PCC tile. tile data present equal to 0 indicates that the sub-sample contains
pus which contain either each parameter set, tile inventory, frame-specific attribute properties, or
frame boundary marker.

tile id indicates the index of the G-PCC tile, which the sub-sample is associated with, in the tile inventory.

For single track encapsulation, when sub-samples are present, the subsampleInformationBox with flags
equal to 0 in sampleTableBox, Or in the TrackFragmentBox of each of its MovieFragmentBoxes shall be present.

7.4 Multiple track encapsulation

7.4.1

When
mappé
and G

General

the G-PCC bitstream is carried in multiple tracks, the coded bitstream of each G-PC&compo;
d to an individual track. There are two types of G-PCC component tracks: G-PCG geometry
PCC attribute track. Each sample in each component track contains DUs of ariinstance of a

compd
attrib

nent, not both of GDUs and ADUs. When multiple attributes are present in the;G-PCC bitstrea
te track shall not multiplex DUs of different attributes.

For myltiple track encapsulation, the below conditions shall be satisfied:

— One geometry track shall present and shall be an entry point.

— One or more G-PCC attribute tracks can be present. The track (th movie flags of each attributg

sh
— Inl
— A
ok

— A

all be setto 0.

each component track sample entry, one GeccComponentInfoBox shall be present to indicate the

tT bitstream contained in the track.
I

component tracks shall have same values of simple profile compliant, dense profile comp
edictive profile compliant, main profilevlcompliant,and level idc inatrack sample ent

'gpca' track reference from a geometry track to attribute tracks shall be present.

— All component tracks shall have the sarhe implied or explicit edit lists.

— Any of G-PCC tile base track and tiletracks shall not be present.

Comp
same |
param
equal
in san
the de

NOTE

nent tracks belonging to the'same G-PCC bitstream are time-aligned. Samples that contribute
point cloud frame across-different component tracks shall have the same presentation time. Wh
eter sets are present-in.samples, the decoding time of parameter sets used for such samples s}

nent is

track
single
m, any

track

role of

liant,

y.

to the
en any
hall be

br prior to the decoding time of samples of corresponding DUs. When all parameter sets are present

ples across multipletracks, the decoding time of samples containing the SPS shall be equal or p|
coding time ofisamples containing the GPS, or APS.

Synchronization between the elementary streams in the tracks are handled by the ISOBMFF track

structyres (stsp¢tts, and cslg), or equivalent mechanisms in movie fragments.

When

the G-PCC bitstream only contains the G-PCC geometry component and no G-PCC attribute comp

rior to

timing

onent,

this multiple track encapsulation shall not be applied.

7.4.2

Sample entry

7.4.2.1 Definition

Sample Entry Type: 'gpcl' or 'gpcg'

Container: SampleDescriptionBox
Mandatory: A 'gpc1' or 'gpcg' sample entry is mandatory
Quantity: One or more sample entries may be present
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Component track shall use ceccsampleEntry which extends volumetricvisualsampleEntry with a sample
entry type of 'gpcl' or 'gpcg'.

A component track sample entry shall contain GpccconfigurationBox as defined in subclause 7.2.2 and
GPCCComponentInfoBox, as defined in 7.2.3, respectively.

Under the ‘gpci' sample entry, the setupunit array of geometry track shall contain all DUs carrying SPS
and GPS. The setupunit array of attribute track shall contain all DUs carrying APS associated with samples
in the track and shall not contain DUs carrying any of SPS and GPS. When multiple G-PCC attribute tracks
present, the setupunit array of G-PCC attribute tracks shall contain the same information.
Underthe—tesessample-entrpDUscarryring SPS-or GRS-canbe presentinthe setuvpbnitarrayofthegample
entry pr in the stream of geometry track. The DUs carrying APS can be present in the setupunit array of the
samplg entry or in the stream of attribute track. Any DUs carrying SPS and GPS shall not be presentin|G-PCC
attribuite tracks.

7.4.2.2 Syntax

aligngd (8) class GPCCSampleEntry ()

extends VolumetricVisualSampleEntry (unsigned int type) {
//type is 'gpcl' or 'gpcg'

GP¢CConfigurationBox config;

GP¢CComponentInfoBox info;

// |optional boxes

7.4.2.3 Semantics

compréssorname in the base class volumetricvisualSampleEntry indicates the name of the compressar used
with the value "\013GPcc coding" being recommended;-the first byte is a count of the remaining|bytes,
hgre represented by \013, which (being octal 13).is@1 (decimal), the number of bytes in the rest of the
string.

confi¢ contains the information for configuration and initialization of G-PCC decoder as defined in
subclause 7.2.2.

info indicates G-PCC component information carried in the respective track, as defined in subclausg¢ 7.2.3.
It[indicates the component type carvied in the track. It also provides the attribute name, ind¢gx, and
ofjtionally attribute type carried in the G-PCC attribute track.

7.4.3 | Sample format

7.4.3.1 General

Each dample corresponds to a single point cloud frame and samples that contribute to the same point cloud
framefacross different component tracks shall have the same presentation time.

Each shmple shall be comprised of one or more DUs of G-PCC componentindicated in the Gpcccomponent ThfoBox
in the|samplé entry and zero or more DUs carrying one of associated parameter sets. The DUs of [G-PCC
compqnent which is not indicated in the sample entry shall not be present in samples. When DUs cafrying
any parameter Sets are present in the sample, it shatl be appeared before DUS of G-PCC component. When
any FASP data units are available in the G-PCC bitstream, these FSAP data units shall be carried in the
sample containing ADUs of the corresponding point cloud frame. If presents, it shall precede any ADUs in the
sample.

Figure 3 describes an example of the sample structure of the geometry track. In this case, each sample
contains at least one GDU, zero or more DUs carrying SPS or GPS. When DUs carrying SPS or GPS are present,
it shall precede GDUs in the sample.
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G-PCC Sample

Parameter set
data unit
(if, present)

Geometry
data unit

The sy
resped

7.4.3.]

For nultiple track encapsulation without G-PCC tile tracks, when sub-samples are present

SubSai
Moviel
define]

7.4.4

To linl
used.

One T
track.
the G
Track]
track1

g

7.5

7.5.1

ISO/IH
have d
descri

There
or a fd
follow

Figure 3 — Example of sample structure of geometry track

rntax and semantics of the sample in component track as defined in subclause 7.3.3.2/and ]}

.3.3.3,

tively, are applied.

P Sub-sample

pleInformationBox With flags equal to 1in sampleTableBox, or in the TfarkFragmentBox of eac
'ragmentBoxes Shall be present. The syntax and semantics of the sub-sample with f1ags equal
d in subclause 7.3.3.4, shall be applied.

Track references

k between different types of component tracks, the trackreterence tool of ISO/IEC 14496-12 s}

FackReferenceTypeBox Shall be added to a TrackR@ferenceBox within the TrackBox of the gea
The TrackReferenceTypeBox shall contain amiarray of track 1ps designating the tracks
PCC track references. To link the geometsy track to the attribute track, reference typ
eferenceTypeBox in the geometry track identifies the associated attribute tracks. The 4ccs o
eference types shall be:

pca': the referenced attribute tragk(s).
Encapsulation of tiled G-RCC bitstream

General

C 23090-9 providésithe support for spatial random access with G-PCC tiles. The G-PCC tiles
oding dependencies with other G-PCC tiles in the same coded point cloud frame. Each G-PCC
bed throughsa single 3D bounding box and an identifier, and it is associated with the group of sl

are caseS where storing data units of G-PCC tiles in different tracks are useful for easy access
w particular tile regions. For such cases, one or more G-PCC tiles are carried in separate trac
ings.shall be satisfied:

only
h of its
o1 as

hall be

metry
which
- of a
F these

do not
tile is
ces.

to one
ks, the

— 0

e G-PCCtite basetrackcarrying attof parameter setsand tite inverntory stratt be presentand s

an entry point.

— One or more G-PCC tile tracks carrying data units of G-PCC tiles shall be present.

— A

'gpbt ' track reference from the G-PCC tile base track to G-PCC tile tracks shall be present.

all be

— When DUs of each component corresponding to G-PCC tiles are mapped to separate tracks, one or more
geometry tile tracks shall be present, and the same number of attribute tile tracks shall be present.

— When attribute tile tracks are present, the track_in movie flag of each attribute tile track shall be set to

0.
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— When attribute tile tracks are present, a 'gpca' track reference shall be present in associated geometry

til

7.5.2

e tracks.

G-PCC tile base track

7.5.2.1 Sample entry

7.5.2.1.1 Definition

Sample Entry Type: 'gpeb' or 'gpcb'

Conta
Mand:
Quant

The G
sampl
be pre

NOTE
of sam
decodi

When
track s

When
tiles, a

The sgmple entry names of a G-PCC tile base track and the eorresponding G-PCC tile tracks shall be
s in Table 9. Any types of combination of G-PCC-file base track and G-PCC tile tracks other than one

the ro

ner: SampleDescriptionBox
tory: No
ty: Zero or more sample entries may be present

PCC tile base track shall use a GpccBitstreamsampleEntry, which is defined in subélause 7.3.3

, with

sent in the setupunit array of the sample entry or in the stream.
When all parameter sets are present in the sample entry of G-PCC tile base track’and do not present

bles of G-PCC tile base track, these parameter sets in the sample entry of G-PEC\tile base track are app
hg all samples of tile tracks.

hall use a GpccBitstreamSampleEntry with a sample entry typeiof 'gpeb'.

each G-PCC tile track carries DUs of one instance of a particular component corresponding to

G-PCC tile base track shall use a GpccBitstreamsampleEhtry with a sample entry type of 'gpcp|'.

e entry type of “"gpeb' or 'gpchb'. Parameter sets, which apply to decode all samples’of tile tracks, can

in any
ied for

each G-PCC tile track carries DUs of all components present in the-G-PCC bitstream, a G-PCC tile base

G-PCC

one of

defined in Table 9 are not considered in this edition of the document.
Table 9 — Sample entry type for a G-PCC tile base track according to associated G-PCC tile tracks
G-PC tile base track sample Samples of@associated G-PCC tile tracks
entry type
gpeb Contain DUs of all components present in the G-PCC bitstream
gpcb Contain DUs of one instance of a particular component indicated in the samplg entry
The (-PCC tile base track‘sample entry can contain a GPcCSpatialRegionInfoBox, as defired in

subclause 9.1.2. When the.épdCspatialRegionInfoBox is not present in the sample entry, this G-PCC tile base

track ghall be associated\with the dynamic spatial region timed metadata track.

7.5.2.2 Sample format

Each dample_in\G-PCC tile base track shall be comprised of DUs containing one of SPS, GPS, APS, a
inventjory,Any GDUs, defaulted ADUs or ADUs shall not be present in samples.

nd tile

FSAP

Us shall be present in samples when the FSAP DUs are present in the G-PCC bitstream.

rame

boundary marker DUs shall be present in samples when the frame boundary marker DUs are present in the

G-PCC

bitstream.

The syntax and semantics of the sample in G-PCC tile base track as defined in subclause 7.3.3.2 and 7.3.3.3,
respectively, are applied.

7.5.2.2.1 Sub-sample

G-PCC tile base track shall not contain any sub-samples. Sub-samples shall not be present in G-PCC tile base

track.
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G-PCC tile tracks

7.5.3.1 Sample entry

7.5.3.1.1 Definition

Sample Entry Type: 'gpt1’

Container: Sample Description Box

Mandatory: No

Quantity: Zero or more sample entries may be present

This spmple entry describes samples of a G-PCC tile track. It shall use GpccTilesampleEntry whichlektends
VolumgtricVisualSampleEntry with a sample entry type of 'gpt1'.

The (-PCC tile identifiers present in samples of the respective G-PCC tile track afé)‘signalled in
GPcCT]lesampleEntry. The tile identifiers present in G-PCC tile track sample entry shall have the|below
constraints.

— When each G-PCC tile track carries DUs of all components present in the G-PCE bitstream, the |G-PCC

tile identifiers present in G-PCC tile track sample entry shall not overlap with the G-PCC tile iden

p1
— W
p1
in
er

When

When
shall b

7.5.3.

aligng
un
bif
un
fol

}
}

alignd
GP
GP

7.5.3.

sample entry shall be equals to the G-PCC tile identifiers in/the associated geometry tile track §

1.2 Syntax

esent in other G-PCC tile track sample entry.

hen each G-PCCtile track carries DUs of one instance of a particular ¢omponent, the G-PCC tile iden
other geometry tile track sample entry. The G-PCC tile identifiérs present in the attribute tile

try.

a G-PCC tile track carries DUs of one instance of\a particular component, the Gpcccomponent 1y
e present in the sample entry to indicate the type of the component carried in the track.

d(8) class GPCCTileConfiguratidnBox extends Box ('gptC',0,0) {
igned int (1) dynamic num(tiVes flag;
(7) reserved =.07
igned int (16) max num,tile ids in_ track;
(1=0; 1 < max num tile dds in track; i++) {
unsigned int (16) tile id;

d(8) class GRCCTPTileSampleEntry extends VolumetricVisualSampleEntry ('gptl') {
CTileConfigurationBox config;
CComponentInfoBox info; // optional

.34 _Semantic

a G-PCC tile track carries DUs of all components, the*¢PCcCcomponentInfoBox shall not be present.

tifiers

tifiers

esent in the geometry tile track sample entry shall not overlap with the G-PCC tile identifiers present

track
ample

hfoBox

dynami

c_num tile Tlag IMdicates Whether tile number of G-PCC tiles or G-PCC tile idemntifiers pre

ent in

samples of the respective G-PCC tile track are changed or not in the stream. Value 0 indicates the number
of G-PCC tiles and G-PCC tile identifiers keep constant across all samples in the respective track and
the number of G-PCC tiles and G-PCC tile identifiers corresponding to all samples are signalled in the
sample entry. Value 1 indicates the number of G-PCC tiles or G-PCC tile identifiers presents in samples
are changed in the stream.

max_num tiles ids in track indicates the maximum number of unique G-PCC tile identifiers present in
the samples of the respective track. When dynamic_num tiles flag is 0, each sample in the respective
G-PCC tile track shall contain max num tile ids in track number of G-PCC tiles and the identifiers of
those G-PCC tiles are not changing in the stream. When dynamic num tiles flagis 1, each samplein the
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G-PCC tile track contains at most max _num tile ids in_ track number of G-PCC tiles and the identifiers
of those G-PCC tiles may be changed between samples.

tile id indicates an identifier for a particular G-PCC tile corresponding to samples in the respective track.
When dynamic_tile flagissettovalueO,tile idrepresents one of G-PCC tile identifier present in the
tile inventory.

info is an instance of the GPccComponentInfoBox, which indicates G-PCC component information carried in
the respective track. When it is present, it indicates G-PCC component type carried in the track, and it
also provides the attribute name, index, and optionally attribute type of G-PCC component carried in the
attribute tile track.

7.5.3. Sample format

7.5.3.2.1 General
Each sample in G-PCC tile track is either

— One empty sample with the sample size=0 (representing a period of non-zero duration in which there is
ng data unit); or

— One G-PCC sample that the syntax and semantics as defined in subclause\%.3.3.2 and 7.3.3.3, respeqdtively,
arfe applied. Samples in G-PCCtile track shall notinclude DUs containingany parameter sets, tile invgntory,
anjd frame-specific attribute properties.

Samples corresponding to the same point cloud frame acrossiG-PCC tile tracks shall have thel same
presentation time.

7.5.3.2.2 Sub-sample

Whensub-samples are present, the subsampleInformationBox With flags equal to 1 in sampleTableBo, orin
the TrhckFragmentBox of each of its MovieFragmentBoxes shall be present.

The syntax and semantics of the sub-sample with fi1ags equal to 1 as defined in subclause 7.3.3.4, shall be
applief.

When|a G-PCC tile track carries DUs of all components and sub-samples are present, each sub-sample shall
contaip all DUs corresponding to each G-PCC tile. When a G-PCC tile track carries DUs of carries one ingtance
of a particular component and subssamples are present, each sub-sample shall contain DUs of component
indicafed in the cpcccomponentInfoBox in the sample entry.

7.5.4 | Relationship between samples in G-PCC tile base track and tile track

The G}PCC tile base(tyack sample required to decode the G-PCC tile track sample is identified usipg the
presentation time ‘@f'the sample. The presentation time of the corresponding G-PCC tile base track Jample
shall e eitherequal to or less than the presentation time of the G-PCC tile track samples. When the
presentationstime of samples of the G-PCC tile base track and G-PCC tile tracks are not equal, the G-P[CC tile
base track sample with a preceding presentation time closer to the presentation time of the G-PCC til¢ track
sample isqused for decoding the sample of G-PCC tile track or identifying the tile inventory informatiop.

NOTE The presentation time of the sample in G-PCC tile base track or G-PCC tile track, can be derived by parsing the
"ctts' table in the CompositionOffsetBox and 'stts' tableinthe TimeToSampleBox, defined in ISO/IEC 14496-12,
in the respective tracks.

The G-PCC tile base track sample carrying FSAP DUs required to decode samples in attribute tile tracks is
identified using the presentation time of the sample. The presentation time of the corresponding G-PCC tile
base track sample containing FSAP DUs shall be same as the presentation time of the attribute tile track
samples carrying the corresponded ADUs.
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Track references

The G-PCC tile base track is linked to the G-PCC tile tracks using track references tool of ISO/IEC 14496-12.
One TrackReferenceTypeBoxes shall be added to a TrackrReferenceBox within the TrackBox of the G-PCC tile
base track. A new track reference type using the 4CC 'gpbt ' shall be used to link the G-PCC tile base track to
the G-PCC tile tracks.

Under the G-PCC tile base track with a sample entry type of 'gpeb’, the 'gpbt ' track reference shall be used
to link the G-PCC tile base track to all G-PCC tile tracks.

Under the G-PCC tile base track with a sample entry type of 'gpcb', the 'gpbt' track reference shall be

used t
corres

7.6

C.PCC 2310 boca o raocolre Do | P

ked to

Tinly £oony +1 o acly 0 gty £l & ch ganxantiy £31a +o o o lin
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ndication of alternatives

A poinft cloud sequence can be coded in alternatives. In such a case, alternatives of same point cloud seq

shall b
of the

When
the G-
same

When
withot
their 1

When
compq
shall h

When
encap
same

When

e indicated by the alternate track mechanism defined in ISO/IEC 14496-12 (i.e.falternate groy

TrackHeaderBox).

each alternative coded bitstream of the same point cloud sequence is encapsulated in a single|
PCC bitstream track carrying the G-PCC bitstream, which are alternatiyes of each other, shall h4
lternate group value in their TrackHeaderBox.

each alternative coded bitstream of a same point cloud sequenceis encapsulated into multiple
it G-PCC tile tracks, geometry tracks of the alternatives shallchave the same a1ternate group v
rackHeaderBox.

different encoded versions of the same attribute component are available, each version of the att
nent is carried in one single track. All G-PCC attribute tracks which are alternatives of each
ave the same alternate group value in their TsdckHeaderBox.

different encoded versions of the same- point cloud sequence are available and each ver;
bulated in one tile base track and multiple’G-PCC tile tracks, the G-PCC tile base track shall ha
lternate group value in their TrackHéaderBox.

different encoded versions of the-same attribute component are available, each version

attrib;rte component is carried in or one’or more attribute tile tracks. The G-PCC attribute tile tracks

are al

Annex

8 N

8.1

This ¢
single

ernatives of each other shall‘thave the same alternate group value in their TrackHeaderBox.

|E contains examples of(how alternatives are indicated according to different track encapsulati

pn-timed G-PE€Cdata storage in ISOBMFF

eneral

lause_Specifies a format to encapsulate a non-timed G-PCC data, which is the G-PCC bitstrea
poifit’cloud frame, in a file.

ponding attribute tile tracks using the 'gpca' track reference type as defined in subclause Z4:4|.

juence
P field

track,
ve the

tracks
hlue in

ribute
other

ion is
ve the

of the
which

ns.

m of a

The G-PCCbitstream of a single point ctoud frame {5 encapsulated into one or more G-PCC items specified

in subclause 8.2.1. When the G-PCC bitstream contains G-PCC tiles of a single point cloud frame, it can be
encapsulated into G-PCC tile items.

Each G-PCC item shall be associated with the GpccconfigurationProperty.When G-PCC tile items are
present, each G-PCC tile item shall be associated with a GeccTileInfoProperty.

The handler type for the MetaBox shall be 'voiv'.
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8.2 Image item

8.2.1

G-PCC item

8.2.1.1 General

When the G-PCC bitstream of a single point cloud frame is stored in a single item, an item of type ‘gpe1’
shall be used. A 'gpe1' item contains a series of DUs of a single point cloud frame.

When the G-PCC bitstream of a single point cloud frame is stored in multiple items, DUs of one instance of a

partic
multip

— 0

m
— A
[e

— E4

— The associated cpcconfigurationProperty to each 'gpcl' item shall have same values of s

joh¢
(efe

— Anyof 'gpe1' item, 'gpeb' item, and G-PCC tile items shallnot be present.

A G-P(

When
G-PCC

— O]:e "gpcl' item containing GDUs shall be present and shall be an entry point.

le 'gpc1' items, following restrictions apply:

eormore 'gpcl' items containing ADUs may be present. Each 'gpc1' items containing ADUs s
hrked as hidden items.

new item reference type with a 4cc code 'gpca' is used from the 'gpc1' item carrying GDUs
pcl' items carrying ADUs.

ch 'gpc1' itemshallbeassociated withGpccconfigurationProperty aRd6PCCComponent InfoProj

ofile compliant, dense profile compliant, predictiveggrofile compliant, main pr
mpliant,and level idc.

Citem of type 'gpel' or ‘gpcl’ can be associated with one image property of type 'subs'.

the G-PCC bitstream contains G-PCC tiles of a“single point cloud frame and it is encapsulate
tile items, an item of type 'gpeb' shall be used'with following restrictions:

— T

ADUs, or ADUs.

— Tlhe 'gpeb' item shall contain FSAP,DUs when the FSAP DUs are present in the G-PCC bitstream.

— 1
t

— T

Each
config

If priq
GDUs,

e 'gpeb' item shall include DUs contajning tile inventory and shall not include any GDUs, def]

hen the 'gpeb'item is present; one or more G-PCC tile items shall be present.

order to indicate the relationship between a 'gpeb' item to G-PCC tile items, a new item ref
e with 4cc codes 'gpbt' is used from the 'gpeb' item to the G-PCC tile items.

e'gpeb' item shall not be associated with one image property of type 'subs"'.

;-PCC item ‘shall be associated with a GpcconfigurationProperty containing the G-PCC d
uration information.

aryltemBox exists, item ID in this box shall be set to indicate a "gpe1' item, a 'gpc1' item g
or-a™' gpeb' item.

ar rnmpnhnnf isstored ina cnparnfn item with an item of fypn Lgpell When it is nnrapcn]:\fnd into

hall be

to the

erty.

lmple
file

d into

aulted

Prence

bcoder

toring

8.2.1.2 Syntax

The gpccItembpata is structurally identical to syntax for sample format as defined in subclause 7.3.3.2.

aligned (8) class GPCCItemData{

unsigned int GPCCLength = item size; // Size of item
for (i=0; i< GPCCLength; ) // to end of the item
{

unsigned int (8) tlv_type;

unsigned int (32) tlv_num payload bytes;

bit (tlv_num payload bytes*8) data unit;

i += (1+4)+ tlv_num payload bytes;
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8.2.1.3 Semantics

The value of item size is equal to the sum of the extent length values of each extent of the item, as
specified in the TtemlLocationBox.

tlv type Iidentifies the syntax structure represented by the following data unit as defined in
ISO/IEC 23090-9:2023, Annex B.

tlv_m

m pavlcoad byte cpnr‘ify the ]pngﬂ'\ in hyfpc of the syntax element of the fn”nv\ring data unit

data

8.2.2

To end
shall
corres
This if]
Eachi
tiles, i
associ

A G-P
associ
GPCCT]

NOTE
specifi

8.3
8.3.1

8.3.1.

Box ty]
Prope
Conta
Mandz
Quant

GPCCC

nit contains a single DU which corresponds to the same point cloud frame.

G-PCC tile item

apsulate G-PCC tiles of a single point cloud frame in a separate image item, ad.item of type
e used. The G-PCC tile item is formatted as a series of DUs, as defined in subclause 8.2.1.2 and e
ponds to one G-PCC tile which represents a rectangular cuboid inside the bounding box of G-PC
em shall not include DUs containing any parameter sets, tile inventory, andFSAP.

rem of type 'gpt1' shall be associated with a cpccTileTnfoProperty indicating the number of
Hentifiers of the G-PCC tiles present in the associated G-PCC tilesitem. A G-PCC tile item shall
hted with a GPcConfigurationProperty.

CC tile item can link to one image property of type ¢subs'. When 'subs' item propd
hted, G-PCC tile identifiers in 'subs' item property shall'be equal to G-PCC tile identifiers
leInfoProperty associated with the same G-PCC tile item.

In order to allow fast data fetching without analysing DU layout of G-PCC tile items, 'subs' item py
bd in ISOBMFF can be used.

mage properties
G-PCC configuration item property

|  Definition

pe "gpcC'

"ty type: Descriptive item property

ner: ItemPropertyContainerBox

tory (per item): Yes, for an image item of type 'gpel','gpeb', Or 'gpcl'
ty (per item): One for an image item of type 'gpel’,'gpeb', Or 'gpcl'

nfigieationProperty indicates the information for G-PCC decoder configuration and initializaf

gptl'
ich DU
C data.

G-PCC
not be

rty is
in the

operty

ion.

When

GBeCConfiqurationProperty isassociated witha 'gpel' ora 'gpeb' item, the setupunit array shall

include DUs containing SPS, GPS, and APS.

When cpccconfigurationProperty is associated with a 'gpc1' item carrying GDUs, the setupunit array

shall include DUs containing SPS and GPS. When it is associated with a 'gpc1’

setupUnit array shall include DUs containing APS.

essential shall be equal to 1 fora 'gpcc' item property.
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8.3.1.2 Syntax

aligned(8) class GPCCConfigurationProperty extends ItemFullProperty('gpcC', 0, 0)

{
GPCCDecoderConfigurationRecord() ;

}

8.3.1.3 Semantics

The semantics of the syntax elements within the GpccconfigurationProperty are the same as those specified
for the syntax elements of cpcccconfigurationBox as defined in subclause 7.2.2.3.

8.3.2 | G-PCC component information item property

8.3.2.1 Definition

Box type: "ginf!

Property type: Descriptive item property
Container: ItemPropertyContainerBox
Manddtory (per item): Yes, for an image item of type 'gpc1’
Quantjty (per item): One for an image item of type 'gpc1’

GPCCC¢mponentInfoProperty indicates G-PCC component specific information including the type of (G-PCC
compqnents stored in the respective G-PCC item. This also provide$the attribute name, index and an optional
attribyite type of G-PCC attribute component stored in the respective G-PCC item. This item property is
exactly identical to the cpcccomponentTypeBox as defined in subclause 7.2.3.

GPCCCgmponent InfoProperty shall not be associated withran image item of type 'gpel' or 'gpeb'.

essential shall be equalto 1 for 'ginf' item propefity associated with a G-PCC item of type 'gpc1'.

8.3.2.2 Syntax

aligngd(8) class GPCCComponentInfoProperty extends ItemFullProperty('gpcC', 0, flags)

{
GP¢CComponentInfoStruct (flags) ;

}

8.3.2.3 Semantics

The s¢mantics of the syntax elements within the GpcccomponentInfoProperty are the same as|those
specif]ed for the syntakelements of GecccomponentInfoBox as defined in subclause 7.2.3.3.

8.3.3 | G-PCC spatial region item property

8.3.3.1 Definition

Box tylpe: 'gper!

Property type: Descriptive item property

Container: ItemPropertyContainerBox

Mandatory (per item): Yes, for an image item of type 'gpeb' or 'gpel'
Quantity (per item): Exactly One for an image item of type 'gpeb' or 'gpel"

GPCCSpatialRegionInfoPropertyitem propertyisused to describe spatial region information of DUs presents
in the respective G-PCC item. This item property includes the total number of 3D spatial regions present in
the respective G-PCC item along with a region identifier, the anchor point, and the dimension of the 3D spatial
region in the cartesian coordinate along to %, y, and z axes relative to the anchor point for each spatial region.
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The crccspatialRegionInfoProperty item property optionally include the G-PCC tile identifier(s) associated
with each 3D spatial region. Examples of partial access support with cpccspatialRegionInfoProperty are
explained in Annex G.

8.3.3.2 Syntax

aligned (8) class GPCCSpatialRegionInfoProperty extends ItemFullProperty('gpsr', 0, 0){
unsigned int (16) num_regions;
for(int i=0; i< num regions; i++) {

}

GPCCSpatialRegionStruct () ;

8.3.3.

num_r¢gions indicate the number of following 3D spatial regions.

GPCCSpatialRegionstruct () provide the 3D spatial region information by including the’3D spatial

Semantics

region

identifier, the 3D bounding box information of the identified spatial region, or,G=PCC tile information

agsociated with the region. When the 3D bounding box information is not present, this data str
pifovides the identifier of a particular 3D spatial region and the G-PCC tile information associate

t
8.3.4

8.3.4.
1SO/IE

— ThisitempropertyshallindicateanassociatedpropertythatisexactlyidenticaltosubsampleTnformat

w

The sy
8.3.5

8.3.5.

Box ty]
Prope
Conta
Mand3
Quant

GPCCT]
those

identified region.
sub-sample item property
| General

C23008-12:2022, Annex B.2.3.2 shall be applied with the'following constraints.

th f1ags equal to 1 as defined in subclause 7.3.3.4.

b-sample item property shall not be associated with an image item of type 'gpeb'.
G-PCC tile information item property

| Definition

pe: 'gptd”

"ty type: Descriptive item property

ner: ItemPropertyContainerBox

tory (per item): Yes, for an image item of type 'gpt1’

ty (per item): Exactly one for an image item of type 'gpt1"

leInfePrdperty descriptive item property indicates the total number of tiles and tile identif]
[iles present in the associated G-PCC tile item.

licture
d with

lonBox

iers of

When

GPeCTileTInfoProperty is present, it shall be associated with a G-PCC tile item

8.3.5.2 Syntax

aligned (8) class GPCCTileInfoProperty extends ItemFullProperty('gpti', 0, 0){
TileInfoStruct () ;

}

8.3.5.3 Semantics

TileInfoStruct () provides the G-PCC tile information associated with the G-PCC tile item by including the
number of G-PCC tiles and those identifiers.
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8.4 Entity grouping

8.4.1

Viewport association

8.4.1.1 Definition

Box Types: 'vpta'

Container: GroupsListBox ('grpl')

Mandatory: No

Quantity: Zero or one

An EntityToGroupBox With grouping type equal to 'vpta’ specifies the association between the G-PC

and th
timed
item. \
metad

This e
'gpeb

informpation timed metadata track.

When
of the
metad

positign, rotation as well as viewport camera parameters aéeording to the presentation timeline

timed

recommended viewport of the non-timed G-PCC data is changed accordingly at the presentation time

associ

8.4.1.7

alignd
{
}

9 Signalling of metadata.in"ISOBMFF

9.1

9.1.1

9.1.1.

9.1.1.

metadata track describes the dynamically changed viewport information for the associated
Vhen it is associated with the G-PCC item, viewport type indicated in the viewpdrtinformation|
ata track shall be 0, 1 or 2.

htity group shall contain exactly one entity id value that point to the GEPCC item of type of
or 'gpcl' carrying GDUs and shall contain one or more entity id value that point to the vig

a G-PCC item is associated with the 'gpdv' timed metadata track, the recommended vie
associated G-PCC item is determined by using signalled viewport information of the 'gpdv'
ata track. That is, non-timed G-PCC data recommends to/be rendered using the signalled vig

metadata track. As the signalled information of the\'gpdv' timed metadata track is changg

hted 'gpdv' timed metadata track sample.
P Syntax
d(8) class ViewportAssociationBoxkextends EntityToGroupBox ('vpta')

G-PCC Spatial region information
Information structure
| 3D vector structure

.14 Definition

C item

e viewport information timed metadata track specified in subclause 9.2.4. The viewpant information

G-PCC
timed

gpel’,
wport

wport
timed
wport
bf this
d, the
of the

The fields in this structure provides the X, y, and z coordinate values, respectively of a 3D point in the
Cartesian coordinate systems.

9.1.1.1.2 Syntax

aligned (8) class Vector3(precision = 32) {
unsigned int (precision) x;
unsigned int (precision) vy;
unsigned int (precision) z;
int reserved bits = 8 - (precision*3) % 8;
if (reserved bits != 8)

{
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const bit (reserved bits) reserved;

9.1.1.1.3 Semantics

%, y, and z specify the x, y, and z coordinate values, respectively, of a 3D point in the Cartesian coordinate
system. The x, y, and z values shall be in the range of 0 to 2precision-],

9.1.1.2 3D bounding box information structure

9.1.1.]
The fig

3D po
struct

9.1.1.7

aligng
un
Ve
if

9.1.1.]
bb poq

bb po
of]

dimens;
Z
in

bb sc4

bb scd
CQ
he

9.1.1.3

9.1.1.]

The fi
G-PCC

P.1 Definition

lds in this structure provide the 3D bounding box information in Cartesian space by usihg-an §

ire provides the x, y, and z coordinate values of a particular 3D point.

P.2  Syntax

d(8) class GPCCBoundingBoxStruct (bit dimensions_ included flag) {
igned int (8) bb pos precision;

tor3 bb position(bb pos precision);

dimensions included flag) {

unsigned int (8) bb scale precision;

Vector3 bb scale(bb _scale precision);

2.3 Semantics
_precision indicates the precision of the following vb position in a number of bits.

ition.x, bb position.y,and bb position.zindicate the x, y, and z coordinate values, respec
the anchor point of the 3D bounding box in the Cartesian coordinate system.

ions_included flag equal to 1 indicates the dimension of the 3D bounding box along the x,
hxes relative to the anchor point islsignalled in the structure. dimensions included flag e
dicates the dimension of the 3D bounding box is not signalled in the structure.

le precision indicates the precision of the following bb scale in bytes.

le.x, bb scale.y, andbb’ scale.z indicate the dimension of the 3D bounding box in the Car
ordinates along the x,.y,-and z axes, respectively, relative to the anchor point. It indicates the
ight, and depth of the-bounding box in the Cartesian coordinate system.

8 Tile information structure

8.1 Definition

eldstin this information structure indicates the tile information, which is expressed by the nunj
tiles and identifiers of those G-PCC tiles.

inchor

nt and the dimension along the %, y, and z axes. When the dimension information is 1t -present, this

tively,

y, and
qual 0

tesian
width,

\ber of

9.1.1.3.2 Syntax

aligned (8) class TileInfoStruct () {
unsigned int (16) num_tiles;
for (3J=0; J < num tiles; j++) {

}

unsigned int (16) tile id;
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9.1.1.3.3 Semantics

num_tiles indicate the number of G-PCC tiles signalled in this information structure.

tile id is the identifier of the signalled G-PCC tile.

9.1.1.4 G-PCC spatial region information structure

9.1.1.4.1 Definition

The fields in this information structure provide the 3D spatial region information by including the 3D spatial

region

associ

provides the identifier of a particular 3D spatial region and the G-PCC tile information associated w
identified region.

9.1.1.4.2 Syntax

aligngd (8) class GPCCSpatialRegionStruct () {

un
un
un
un
un
un
if

igned int (32) size;

$igned int (16) region id;
igned int (1) bounding box present flag;
igned int (1) dimensions included flag;
igned int (1) tm present flag;

$igned int (5) reserved;

hted with the region. When the 3D bounding box information is not present, this data str

bounding box present flag) {
GPCCBoundingBox (dimensions_included flag);

tm present flag) {
TileInfoStruct () ;

identifier, the 3D bounding box information of the identified spatial region, or G-PCC tile information

licture
th the

nalled

spatial

set as

Fas 1.

bpatial

nalled

and z

9.1.1.4.3 Semantics

size i$ an integer that specifies the number<of bytes in this element, including all its fields and confained
elements.

regiof id isan identifier for the 3D spatial region.

bounding box present flag indicates the presence of the 3D bounding box information of the sig
region.

dimengions included flé&g-indicates the presence of the dimension information of the signalled
region. When boudding box present flag is equal to 0, the dimensions_included flag shall be
0 and when bouAding box present flagisequalto 1,the dimensions included flag shall be se

tm pr¢sent flag\indicates the presence of G-PCC tile information associated with the signalled
region. when tm present flagisequalto 1, TileInfostruct () shall be present.

GPCCB¢undingBox (dimensions included flag) specifies the 3D bounding box information of the sig
spatial region in Cartesian space hy using an anchor 3D point and the dimension along the x v
axes.

TileInfoStruct () provides the G-PCC tile information associated with the signalled region by including the
number of the associated G-PCC tiles and identifiers of those G-PCC tiles.
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Signalling of static spatial region information

9.1.2.1 Definition

Box Types: 'gpsr'

Contai

ner: GPCCSampleEntry('gpel','gpeg','gpcl','gpcg','gpeb','gpcb')
Or DynamicGPCCSpatialRegionSampleEntry

Mandatory: No
Quantity: Zero or one

GPCCSpatialRegionInfoBox provides the information of one or more 3D spatial regions of G-PCC bitstream

carrie

When
the st4

When
static
G-PCC

When
static
the sa
in G-P
9.1.2.]
alignd

undg

fol

}

9.1.2.]
num_rq

GPCCSY
id
as

9.1.3

9.1.3.

This metadatastrack with a sample entry type 'gpdr' indicates the dynamically changed 3D

region
spatia

by the respective track.

GPCCSpatialRegionInfoBox is present in the sample entry of the G-PCC bitstream track, it pr
tic 3D spatial region information of G-PCC bitstream carried in the track.

GPCCSpatialRegionInfoBox is presentin the sample entry of the G-PCC geometry tfack, it indica
BD spatial region information of G-PCC bitstream carried in the G-PCC geometny-track and assg
attribute tracks. It shall not be present in the sample entry of any G-PCC attribiite tracks.

GPCCSpatialRegionInfoBox is present in the sample entry of the G-PCCd{ile-base track, it provic
BD spatial region information of G-PCC bitstream carried in all G-PCC tile tracks. It shall notbe pre
mple entry of any G-PCC tile tracks. Example of partial access supportwith cpccspatialRegionTy

CC tile tracks is described in Annex F.
P Syntax
d(8) class GPCCSpatialRegionInfoBox extends FuldBox ('gpsr',0,0) {
igned int (16) num regions;
(int i=0; i < num regions; i++) {
GPCCSpatialRegionStruct () ;
B Semantics

gions indicate the number of the-signalled 3D spatial regions.

atialRegionstruct () provides the 3D spatial region information by including the 3D spatial

sociated with the 3D spatial region.
Signalling of dynamic spatial region information

|  General

information corresponding to the part or all of G-PCC bitstream or the association between
régions and G-PCC tiles over time. If a G-PCC track is associated with the dynamic spatial

pvides

res the
ciated

es the
sentin
hfoBox

region

bntifier, the 3D bounding bexinformation of the identified 3D spatial region, or G-PCC tile information

spatial
the 3D
region

timed

mefadata track, the 3D spatial region information of the G-PCC bitstream carried by the track

or the

association between 3D spatial regions and G-PCC tiles is considered dynamic.

When this timed metadata track is present, it shall contain a 'cdsc' track reference to one of G-PCC
bitstream track, G-PCC geometry track, or G-PCC tile base track. When this timed metadata track is present,
GPCCSpatialRegionInfoBox shall not be presentin the sample entry of any associated G-PCC tracks.

When a tile base track and tile tracks are present and GpccspatialRegionInfoBox is not present in the
sample entry of a G-PCC tile base track, the dynamic spatial region timed metadata track shall be present. It
also shall contain a 'cdsc' track reference to the G-PCC tile base track. Examples of partial access support
with this metadata track are described in Annex F.
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9.1.3.2 Sample entry

9.1.3.2.1 Syntax

aligned (8) class DynamicSpatialRegionMappingInfoBox
extends FullBox ('gpdm',0,0) {

bit (6) reserved=0;
unsigned int (1) dynamic_dimension flag;
unsigned int (1) dynamic tile mapping flag;

}

aligned (8) class DynamicGPCCSpatialRegionSampleEntry

exfends MetaDatasampleEntIy ( godz )

{
GP(CSpatialRegionInfoBox region info;
DyfamicSpatialRegionMappingInfoBox mapping info;

9.1.3.2.2 Semantics

GPCCSpatialRegionInfoBox specifies initial 3D spatial region information by including the 3D spatial
identifier, the 3D bounding box information of the 3D spatial region, or G-PCC tile information assg
with the 3D spatial region.

DynamjcSpatialRegionMappingInfoBox indicates that the dimension infermation or the associated

region
ciated

G-PCC

tile information of 3D spatial region information remains unchanged or is changed in samples referring

to|this sample entry.

dynamjc dimension flag indicates that the dimension infofmation of the signalled 3D spatial
remains unchanged or is changed in samples referring toithis sample entry. When dynamic_dimej

fllag is equal to 0, it indicates that the dimension of sighalled 3D spatial region remains unchange

samples referring to this sample entry. When dynamit dimension flag equal to 1, it indicates t}

ion remains unchanged or is changed,ifsamples referring to this sample entry. When dynamic|
pping flag is equal to 0, it indicates that identifiers of G-PCC tiles associated with the 3D
ion remains unchanged in all samples referring to this sample entry. When dynamic_tile maj
ag equal to 1, it indicates that‘identifiers of G-PCC tiles associated with the 3D spatial regi
esent in samples.

9.1.3. Sample format

9.1.3.3.1 General

A sample in the 3B/spatial region information timed-metadata track shall be set as a sync sample o
sync sample. Atleast one sync sample shall be present in the dynamic spatial region timed metadata t

Sync spmplesiin dynamic spatial region timed metadata track shall carry the dimension and the asso
tile m pplng 1nformat10n for all G-PCC 3D spatlal regions. In sync samples for all 3D spatial regioj

region
hsion
1 in all
1at the

bpatial
|tile
bpatial
ping_
bn are

I non-
rack.

ciated
ns, the

flag shall be set to 1 when the tile inventory information is available in the G-PCC bltstream

[ flag

Non-sync samples in dynamic spatial region timed metadata track shall signal only the updated 3D spatial
regions information with reference to the 3D spatial regions information available in the nearest preceding
sync sample. Non-sync samples shall signal only the 3D spatial region information whose position, dimension
or the identifiers of associated G-PCC tiles are updated, the added and cancelled 3D spatial regions with

reference to the nearest sync sample.

For Non-sync samples in this timed-metadata track, the value of canceled region flag shall be set to 1
when a 3D spatial region is cancelled with reference to the preceding sync sample. The value of dimensions
included flag shall only be set to 1, when the dimensions of a 3D spatial region in the current sample is
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updated with reference to the preceding sync sample. The value of dimensions_included flag shall be set
to 0, when dynamic dimension flag in the referred sample entry equals to 0. The value of bounding box
present flagshall only be setto 1, when the position and/or dimensions of a 3D spatial region in the current
sample is updated with reference to the preceding sync sample. The value of tm present flag shall only be
set to 1 when the associated 3D tiles of a 3D spatial region in the current sample is updated with reference
to the preceding sync sample. The value of tm present flag shall be set to 0, when dynamic tile mapping
flag in the referred sample entry equals to 0.

9.1.3.3.2 Sync samples

9.1.3.3:271—Symtax

aligngd (8) DynamicGPCCSpatialRegionSample () {
ungigned int (16) num_regions;
fof (int i=0; i < num regions; i++) {
GPCCSpatialRegionStruct () ;
}

9.1.3.3.2.2 Semantics
num_r¢gions indicates the number of 3D spatial regions signalled in the synesample.

GPCCSpatialRegionStruct () specifies the 3D spatial region information” of G-PCC data when this §ample

is|applied. In this information structure, the value of dimensiodg included flag and bounding box
pyesent flag shall besetto 1.tm present flag shall be setfe(1 when the tile inventory information is
available. Otherwise, the tm present flag shall be setto 0;

Let the target be the point cloud data associated with samples in the referenced tracks with compgsition
times greater than or equal to the composition time of this sample and less than the composition timg of the
next spmple.

9.1.3.3.3 Non-sync samples

9.1.3.3.3.1 Syntax

aligngd (8) DynamicGPCCSpatialRegionSample () {

ungigned int (16) num_regiens;

for (int i=0; i < num regifms; i++) {
unsigned int (1) canceled region flag;
unsigned int (7) reskerved;

if (canceled region flag == 0)
GPCCSpatialRegionStruct () ;
else
unsign€d~int (16) region id;

9.1.3.3.3.2 \Semantics

num_rdgiéns indicate the number of updated 3D spatial regions signalled in the sample. The 3D s$patial
regions whose dimensions and/or the associated 3D tiles are updated with reference to the previous
sync sample are considered as updated regions. The 3D spatial regions that are cancelled in this sample
with reference to the previous sync sample are also considered as updated regions.

canceled region flag indicates whether a 3D region is cancelled or updated in the current sample with
reference to the previous sync sample. Value 1 indicates 3D regions is cancelled in this sample with
reference to the previous sync sample. Value 0 indicates the 3D region dimensions and/or the associated
3D tiles are updated with reference to the previous sync sample.

GPCCSpatialRegionStruct () provides the 3D spatial region information of G-PCC data when this sample is
applied. The value of dimensions included flag shall only be set to 1 when the dimensions of this
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3D region are updated with reference to the previous sync sample. The value of dimensions included
flag shall be set to 0 when dynamic dimension flag in the referred sample entry equals to 0. The value
of bounding box present flag shall only be set to 1 when the position and/or dimensions of this 3D
region are updated with reference to the previous sync sample. The value of tm_present f1ag shall only
be set to 1 when the associated G-PCC tiles of this 3D region are updated with reference to the previous
sync sample. The value of tm present flag shall be set to 0 when dynamic tile mapping flag in the

re

ferred sample entry equals to 0.

region_id identifies a cancelled 3D spatial region with reference to the previous sync sample.

9.2

9.2.1
This S

inforr;ﬁation includes extrinsic camera information structure containing the position and rotation

virtu

G-PCC|data based on the signalled viewport information.
9.2.2 | Information structure
9.2.2.1 Extrinsic camera information structure
9.2.2.1.1 Definition
The fields in this structure provides the X, y, and z coordinaté values, respectively of a virtual cam
the ggﬁbal reference coordinate system, and the x, y, and z.components, respectively, of the rotation
virtual camera.
9.2.2.1.2 Syntax
aligngd (8) class ExtCameraInfoStruct () {
ungigned int (32) cam_pos_Xx;
ung¢igned int (32) cam pos_y;
ungigned int (32) cam pos z;
signed int (32) cam_quat x;
signed int (32) cam_quat'y;
signed int (32) cam_ guat* z;
}
9.2.2.1.3 Semantics
cam p¢s x, cam pos/y;” and cam pos z, respectively, indicate the x, y, and z coordinates of the posi

thie camera in<meters in the global reference coordinate system. The values shall be expressed

bi
SH

cam g
of]

-PCC viewport information
General
ubclause specifies signalling of viewport information for G-PCC data in ISOBMEEThe vie

camera. It also includes intrinsic camera information structure. The G-PCC gplayer can rend

[ binary floating-point format with the 4 bytes in big-endian order and with the parsing prod
ecified iInMEEE 754.

at’ %, cam quat y, andcam gquat z indicate the x, y, and z components, respectively, of the ra

wport
of the
er the

era in
of the

tion of
in 32-
ess as

tation

the camera using the quaternion representation. The values shall be in the range of - 230

0 230,

inclusive. When the component of rotation is not present, its value shall be inferred to be equal to 0. The
value of rotation components may be calculated as follows:

gX = cam quat x + 230, gY = cam quat y + 230, gZ = cam quat z + 230

The fourth component, qw, for the rotation of the current camera model using the quaternion representation

is

calculated as follows:

gW = Sgrt( 1 - ( gX2 + g¥2 + gZ2 ) )
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The point (w, x, y, z) represents a rotation around the axis directed by the vector (x, y, z) by an angle
2%cos M{-1}(w)=2*sin ~{-1} (sqrt(x"{2}+y"{2}+2"{2})).

NOTE In the context of this document, gw is always positive. If a negative gqi is desired, one can signal all three
syntax elements, cam quat x, cam quat y, andcam gquat_ z withan opposite sign, which is equivalent.

9.2.2.2 Intrinsic camera information structure

9.2.2.2.1 Definition

The fields in this information structure provides viewport camera parameters by including the projection
infornjation of the viewport camera and the near and far clipping plane information of the viewport,

9.2.2.2.2 Syntax

aligngd (8) class IntCameraInfoStruct () {

ungigned int (10) camera_ id;

bif (3) reserved = 0;

ungigned int (3) camera_ type;

if| (camera type == 0) {
igned int (32) erp _horizontal fov;
igned int (32) erp vertical fov;

}

elge if (camera type == 1) {
signed int (32) perspective horizontal fov;
unsigned int (32) perspective aspect ratio;

}

elge if (camera type == 2) {
unsigned int (32) ortho_aspect ratio;
unsigned int (32) ortho horizontal size;

ungigned int (32) clipping near plane;
ungigned int (32) clipping far plane;

9.2.2.2.3 Semantics
camergq idis an identifier of a given viewport camera parameters.

camerd type indicates the projection method of the viewport camera. The value 0 specifies ERP projection.
The value 1 specifies a perspective projection. The value 2 specifies an orthographic projection. Values
in[the range 3 to 255 areyeserved for future use by ISO/IEC.

erp h¢rizontal fov spegifies the longitude range for an ERP projection corresponding to the horizontal
size of the viewport region, in units of radians. The value shall be in the range 0 to 2m.

erp vertical gov Specifies the latitude range for an ERP projection corresponding to the vertical sizq of the
vipwportregion, in units of radians. The value shall be in the range 0 to .

perspective horizontal fov specifies the horizontal field of view for perspective projection in rgdians.
Thewalue of shall be in the range of Qand @

perspective aspect ratio specifies the relative aspect ratio of viewport for perspective projection
(horizontal/vertical). The value shall be expressed in 32-bit binary floating-point format with the 4
bytes in big-endian order and with the parsing process as specified in I[EEE 754.

ortho_aspect ratio specifies the relative aspect ratio of viewport for orthogonal projection (horizontal/
vertical). The value shall be expressed in 32-bit binary floating-point format with the 4 bytes in big-
endian order and with the parsing process as specified in IEEE 754.
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ortho horizontal size specifies the horizontal size of the orthogonal in meters. The value shall be
expressed in 32-bit binary floating-point format with the 4 bytes in big-endian order and with the
parsing process as specified in IEEE 754.

clipping near plane and clipping far plane indicate the near and far depths (or distances) based on the
near and far clipping planes of the viewport in meters. The values shall be expressed in 32-bit binary
floating-point format with the 4 bytes in big-endian order and with the parsing process as specified in
IEEE 754.

9.2.2.3 Viewport information structure

9.2.2.3.1 Definition

The fi
paran

centrg of the viewport or one of two stereo position of viewport is indicated and provides the p

and th
the pr
viewp

9.2.2.]

alignd
if

9.2.2.]

centefs
of
1,
ol
™

left N
ot
thi
15
ri

pjection information of the viewport camera and the near and far clipping plane information
prt.

8.2 Syntax

d(8) class ViewportInfoStruct (bit ext camera flag, bit ing~Camera flag) {
(ext camera flag == 1) {
unsigned int (1) center view flag;
bit (6) reserved = 0;
if (center view flag == 0) {
unsigned int (1) left view flag;
telse(
bit (1) reserved = 0;

}

ExtCameraInfoStruct () ;

(int_camera flag == 1) {
IntCameraInfoStruct ()

8.3 Semantics
_view flag is a flag indicating whether the signalled viewport position corresponds to the

it indicates that the signalled viewport position corresponds to the centre of the viewport.
nter view flag isequal to 0, it indicates that the signalled viewport position corresponds to
o stereo positions of the viewport.

riew flagis@flagindicating whether the signalled viewport information correspond to the left

at the signalled viewport information corresponds to the left stereo position of the viewport.
ft_view flag is equal to O, it indicates that the viewport information signalled correspond
bht stereo positions of the viewport.

plds in this information structure provide either extrinsic camera parameters or intrinSic damera
eters of the viewport. When extrinsic camera parameters are present, it specifies whether the

bsition

e rotation of the viewport accordingly. When intrinsic camera parameters aré-present, it prpvides

of the

centre

the viewport or to oneof two stereo positions of the viewport. When center view flag is equal to

When
one of

stereo

sition or-the right stereo position of the viewport. When 1eft view flag is equal to 1, it indicates

When
to the

ExtCameraInfoStruct () specifies the position and rotation of the viewport.

IntCameraInfostruct () specifies the projection information and clipping plane information for the
viewport.
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9.2.3 Signalling of static viewport information

9.2.3.1 Definition

Box Types: "gvpC'

Container: GPCCSampleEntry('gpel','gpeg‘,‘gpcl','gpcg‘,‘gpeb','gpcb‘)

Or DynamicGPCCViewportSampleEntry

Mandatory: No
Quantity: Zero or one

Static

of one|of G-PCC bitstream track, G-PCC geometry track, or G-PCC tile base track.

9.2.3.2 Syntax

aligngd (8) class GPCCViewportInfoConfigurationBox extends FullBox ('gvpC', 0,Y0) {
ungigned int (7) viewport type;
bit (1) reserved = 0;
ungigned int (1) dynamic int camera flag;

un

bif (6) reserved = 0;

if

}
if

}

stfing viewport description;

9.2.3.3 Semantics

viewp
sampl

For vipwport type equal to 3, it indicates\.the recommended initial viewport information, composed

initial

positi

and in
coordinate axes, it shall be-present. In the absence of this type of viewport information, cam pos_x,

IntCameraInfoStruct () ;

ExtCameraInfoStruct () ;

viewport information is signalled in GpccviewportInfoConfigutationBox presentin the sampld

igned int (1) dynamic ext camera flag;

(dynamic_int camera flag == 0) {

(dynamic ext camera flag == 0) {

rt_type specifies the type of the viewport as listed in Table 10 for viewport parameter set
s referring to this sample entry.

itial viewing rotation (¢ag“quat x, cam quat y, cam guat z) equal to (0,0,0) relative to the

entry

for all

of the
viewport position and rotation,‘when playing the associated G-PCC media tracks. When the pldyback
of a media track is intended to besstarted using another viewport than that indicated by initial vigwport

n}n (cam_pos_x, cam pos vy~ cam pos_z) equal to (0, 0, 0) relative to the global coordinate axes
global

cam

pos_y{| cam pos z, cam Guat x, cam quat y, and cam quat_z should all be inferred to be equal to O for the
initial[viewport.
Table 10 — Viewport Types
Value Description
0 A recommended viewport per the director's- cut, i.e., a viewport suggested according to the cifeative
intent of the content author or content provider
1 A recommended viewport selected based on measurements of viewing statistics
2 A recommended viewport based on the selected viewport of another user
3 An initial viewport suggested to use when starting to play associated immersive media
4..239 Reserved
240..255 Unspecified (for use by applications or external specifications)
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When dynamic_int camera flagis equal to 0, it indicates that intrinsic camera parameters are fixed for all
samples referring to this sample entry. When dynamic_ext camera flagisequalto0, dynamic int camera

flags

hall also be equal to 0.

When dynamic_ext camera flagisequal to 0, it indicates that extrinsic camera parameters are fixed for all

sampl

es referring to this sample entry.

viewport description is null-terminated UTF-8 string that provides a textual description of the
recommended viewport for the viewport parameter set for all samples referring to this sample entry.

9.2.4

9.2.4.

This dubclause specifies the use of the timed metadata track to signal dynamically changed vig

infor
rotati

A viewport information timed metadata track containing a 'cdtg' track reference describes the refe
tracks|and track groups collectively. When the timed metadata track is linked, to one or more G-PCC
with a| 'cdsc' track reference, it describes each G-PCC track individually.

When

metadfata track.

9.2.4.2 Sample entry

class
GP
}

9.2.4.]

9.2.4.3.1 General

Any sgmple in a viewport information tithed metadata track is allowed to be marked as a sync sample

partic
track
sampl

In this

9.2.4.]

alignd
un
fol

£ (viewport cancel flag == 0) {

Signalling of dynamic viewport information

|  General

ation, composed of intrinsic and extrinsic camera parameters, including viewport positid
n information as well as viewport camera parameters.

multiple viewport sequences of the same viewport type are presént; it shall be stored in a se

DynamicGPCCViewportSampleEntry extends MetaDatdSampleEntry ('gpdv') {
CViewportInfoConfigurationBox () ;

8 Sample format

1lar sample in the timed metadata track, if at least one of the media samples in the referenced
having the same decoding timé is a sync sample, the particular sample shall be marked as
e, otherwise, that sample may or may not be marked as a sync sample.

edition of this docuntent, num viewports in sample shall be equal to 1.

8.2  Syntax

d(8) clasg,DynamicViewportInfoSample () {

igned igat(8) num_viewports;
(i=1l¢-MV<= num viewports; i++) {

nsigied int (7) viewport id;

nsigned int (1) viewport cancel flag;

wport
n and

renced
tracks

parate

.Fora
G-PCC
h sync

unsigned int (1) camera ext flag;

unsigned int (1) camera_ int flag;

bit (6) reserved = 0;
ViewportInfoStruct (camera ext flag,camera int flag);

9.2.4.3.3 Semantics

num_viewports indicate the number of viewports signalled in the sample.
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viewport idis an identifier thatis used to identify the viewport.

When viewport cancel flagisequalsto 1,itindicates thatthe viewport with the viewport id is cancelled.
When viewport cancel flagisequals to 0, itindicates that viewportinformation is signalled.

When camera ext flag is equal to 1, it indicates that the extrinsic camera parameters of this viewport are
present in the current sample. It shall be equal to 0 when dynamic _ext camera flaginthe sample entry
is equals to 0.

When camera int flagequalto 1indicates thatthe intrinsic camera parameters are present in the viewport
in the current sample. It shall be equal to 0 when dynamic_int camera flaginthe sample entry is equals

Whenthe viewport information timed metadata track is present, extrinsic camera parameters exptressed by
ExtCafieraInfostruct () shall be present in either sample entry or samples. It is prohibited that both|of the
followjing concurrently happen; dynamic_ext camera flag equals to 0 and camera extringio flag pquals
to O foIr all samples.

10 Encapsulation and signalling in DASH
10.1 Pingle-track mode

10.1.1 General

The single-track mode in DASH enables streaming of G-PCC ISOBMFF files where the G-PCC bitdtream
is storjed using single track encapsulation, The single-track mode in DASH should be represented ps one
Adapthtion Set with one or more Representations. If a Representation consists of more than one |Media
Segmgnt, an Initialization Media Segment shall be present. The Initialization Segment shall contain a
GPCCDgcoderConfigurationRecord with the G-PCC paramieter sets (e.g. SPS, GPS, and APS) as defiped in
ISO/IHC 23090-9.

The rgstriction on some of the attributes shall beapplied:

e @mimeType parameter shall be 'applieation/mp4’

— The ecodecs shall be present on theadaptation set level and shall signal the maximum required cappbility
to]decode any Representation in-the Adaptation Set. The @codecs parameter should be signalled jon the
resentation level if different.from the one on the adaptation set level.

— Tle ecodecs parameter present on a representation level shall signal the required capability to decode
arjy component in the Representation.

hen ‘codecs’ parameter of a MIME type is used, sub-parameters shall be used as defined in Anng¢x C.
— Tle emaxwidthand emaxHeight parameters shall not be signalled for any Adaptation Set.

— The eframarate shall be signalled only in the Adaptation Set element, i.e., the value shall not be different
for different representations in on Adaptation Set.

— The#uwidtnand eheiche shallnothe cignq”pd for any Representation

10.2 Multi-track mode

10.2.1 General

Each G-PCC component shall be represented in the DASH manifest (MPD) file as a separate Adaptation
Set, referred to as a Component Adaptation Set. The Adaptation Set containing the geometry information
is also the Main GPCC Adaptation Set which serves as the access point for the G-PCC bitstream. The Main
GPCC Adaptation Set shall contain either a single Initialization Segment at adaptation set level or multiple
Initialization Segments at representation level (one for each Representation). Initialization Segments shall
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contain the G-PCC parameter sets as defined in ISO/IEC 23090-9, which are needed to initialize the G-PCC
decoder. Examples of DASH signalling are explained in Annex H.

10.2.2 DASH MPD descriptors

10.2.2.1 XML namespace and schema

A number of XML elements and attributes are defined in this document. These XML elements are defined in

a separate namespace "urn:mpeg:mpegI:gpcc:2023". The namespace designator "gpcc:" is used to refer to

this name space in this document. The namespace designator "xs:" shall correspond to namespace https://
N a0 130 A DR A naIa A 1 I I aaa

WWW . WJFp~

Some

in W3C Recommendation, XML schema part 2 or in ISO/IEC 23009-1. Data types not defined in

Reconj
The G
DASH

10.2.2

An Ess

”n
nent

At Ad43
in the

attriblites defined in Table 11.

items in the "Data type" column of the tables in Clause 10 use datatypes and meaning-as’ d

mendation, XML schema part 2 or ISO/IEC 23009-1 shall be as defined in Annex B.

PCC DASH XML schema is provided in Annex B. When features specified in Clause 10 are prese]
MPD, Annex B shall be obeyed.

.2 Signalling of G-PCC component information

entialProperty element with the @schemeTduri attribute equal to "irnd: mpeg:mpegI:gpcc:2023
s referred to as a GecCComponent descriptor.

Representations of the adaptation set. The Gpcccomponent descriptor shall include elemen

efined
W3C

nt in a

compo

ptation Set level, one Gpcccomponent descriptor shall be sigralled for each component that is present

s and
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Table 11 — Elements and attributes for the cpcccomponent descriptor

Elements and Attributes for|Use Data type Description
GPCCComponent descriptor

component 0.N  |gpcc:gpccComponentType |Anelementthatspecify information for G-PCC
component present in the representation(s)
of the adaptation set.

component@component type M xs:string Indicates the type of the point cloud com-
ponent. Value 'geom' indicates a geometry
component,and 'attr' indicates an attribute
component.

compopent@att_type CM xs:unsignedByte Indicates the type of the attributey(rgfer to
ISO/IEC 23090-9:2023, Table 9)..Only values
between 0 and 255, inclusiveysare’allgwed.

Shall be present only if the‘@omponert is an
attribute component (i.e., @ component type
hasthevalue 'attr')ahd attr labgl oid
is not present.

compohent@attr label oid CM xs:string Indicates the international object identifier
as specified in Recommendation ITU-T X.660
| ISO/IEC 9834-1. The syntax of objecft iden-
tifier is@described in ISO/IEC 23090-9:2023,
subclause 11.4.7.1.

Shall be present only if the componerjt is an
attribute component(i.e., @component type
has the value 'attr') and Gattr tlype is
not present.

compohent@attr index CM xs:unsignedByte Indicates the order of the attribute prefsent in
the SPS. The value of eattr_index shall be
identicaltotheash attr sps attr idkvalue
of the TLV encapsulation structure cartied by
the Representations of the Adaptation Set.

Shall be present only if the compondnt is a
point cloud attribute (i.e., component type
has the value 'attr").

compophent@tile ids CM xs:UlntVectorType A list of space-separated identifiers [corre-
sponding to the value of the tile idfield of
each G-PCCtile presentin the G-PCC tilg track.

Shall only be present if the Adaption $etis a
Tile Component Adaptation Set.

Shall only be present if the correspond|ng tile
track carries a constant number of tiles and
the tile identifiers do not change throyighout
the bitstream.i.e.,,dynamic _num tileg flag
is set to 0 in the GpPcCTileSampleEnitry of
the respective tile track.

Key:
For pttributes: M=Mandatory, O=0Optional, OD=0Optional with Default Value, CM=Conditionally Mandatory.

For loaant madaQccoii s e (Nl o d 00

e e tS <o tCutrs>r<traXoteurS>rr=tuioouhiata

Elements are bold; attributes are non-bold and preceded with an @.

When more than one Representation is signalled in the Main GPCC Adaptation Set, the initialization segment
of each Representation shall contain the G-PCC parameter sets for that Representation. The Representation(s)
of a Component Adaptation Set shall list the corresponding Representation identifier from the Main GPCC
Adaptation Set using the @dependency1d attribute defined in ISO/IEC 23009-1.

The data type for the attribute shall be as defined in the XML schema. An XML schema for G-PCC component
information signalling shall be as shown below. The schema shall be represented in an XML schema that has
namespace urn:mpeg:mpegl:gpcc:2023 and is specified as follows:
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version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:xs="https://www.w3.0rg/2001/XMLSchema"

targetNamespace="urn:mpeg:mpegl:gpcc:2023"

xmlns:omaf="urn:mpeg:mpegl:gpcc:2023"

elementFormDefault="qualified">

—_

<xs:element name="component” type="gpcc: gpccComponentType” />

<xs:complexType name="gpccComponentType”>

<

</xs:

10.2.2
A G-P

XS:aCCLLlbUCe name— type.  CyPe— XS:8Ctring. . use— required

<xs:attribute name="attr type” type="xs:unsignedByte” use="optional"” />

<xs:attribute name="attr label oid” type="xs:string” use="optional" />

<xs:attribute name="attr index” type="xs:unsignedByte” use="optional" />

<xs:attribute name="tile ids” type="xs:UIntVectorType” use="optionadyhJ/>
xs:complexType>

chema>

.3 GPCC Descriptor

[C player can identify the type of point cloud component in an~Adaptation Set or Representat]

checking the gpcccomponent descriptor within the corresponding element. However, a G-PCC playe

needs
preser

A supg
is refe

At mo
the G-

to distinguish between different geometry point cloud streams when multiple point cloud st
tin the MPD file.

lementalProperty element with a e¢schemeTduri attribute equal to "urn:mpeg:mpegI:gpcc:202
rred to as a GPCC descriptor. The attributes of GREC descriptor are shown in Table 12.

5t one epcc descriptor may be present at the;Adaptation Set level for the Main GPCC Adaptation
PCC media or at the Preselection level.

Table 12 — Attributes for the GPCC descriptor

ion by
r also
reams

:gpc”

Set of

tor

Attribptes for GPCCdescrip-|Use |Data‘type Description

gpcc:

present if multiple versions of the same volumetric
are signalled in separate AdapatationSets.

dgpcId CM_(_ |xs:string An id for the volumetric media. This attribute shall be

media

Key:
For
For

Elemer

pttributes: M=Madndatory, O=Optional, OD=0Optional with Default Value, CM=Conditionally Mandatory.
elements: <minOccurs>..<maxOccurs> (N=unbounded)

ts are boldyattributes are non-bold and preceded with an @.

The da

tatype for the attribute shall be as defined in the XML schema. An XML schema for G-PCC com

onent

information signalling shall be as shown below. The schema shall be represented in an XML schema that has

namespace urn:mpeg:mpegl:gpcc:2023 and is specified as follows:

<?xml

version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:xs="https://www.w3.0rg/2001/XMLSchema"

targetNamespace="urn:mpeg:mpegl:gpcc:2023"

xmlns:omaf="urn:mpeg:mpegl:gpcc:2023"

elementFormDefault="qualified">
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<xs:attribute name="gpcId" type="xs:string" use="optional”/>

</xs:schema>

10.2.3 GPCC Preselection

A G-PCC Preselection is signalled in the MPD using a Preselection element (as defined in ISO/IEC 23009-1)
with an id list for the @preselectionComponents attribute including the identifier of the Main GPCC
Adaptation Set for the G-PCC media followed by the identifiers of other Component Adaptation Sets. The ¢
codecs attribute for the Preselection shall be set to 'gpc1'. The Preselection can either be signalled using a
Preselection element within the Period element or a Preselection descriptor at the Adaptation Set level in

the M4

10.2.4

Multig
that re
@gpcI

altern
Adapt

10.3

10.3.1

If the ]
over t
region
eleme

In GFLC Adaptation Set.

Supporting multiple versions of GPCC data

le versions of the same point cloud media shall be signalled using separate Preselections. Preselg
present alternative versions of the same G-PCC content shall contain a gecc desegiptor with thg
value. At most one Gpcc descriptor shall be present at the Preselection level. These Preselectio
htives to each other. The identifier of the Main GPCC Adaptation Set is the firstiidentifier in the
htion Set ids for the Preselection followed by the identifiers of Component(/Adaptation Sets.

Partial delivery and access

Signalling of static spatial regions

D spatial regions are static (i.e., the anchor point and dimensions of each spatial region do not g
he presentation time), the characteristics of the spatial regions and the mappings between|
s and G-PCC tiles shall be signalled using a GpccspatialRegions descriptor. A supplementalPr
it with a @schemeTduri attribute equal to "urffmpeg:mpegI:gpcc:2023:gpsr™ is referreg

GPCCSpatialRegions descriptor.

A sing
level i
the 30
the ce
preser

The GH

ctions
P same
ns are
list of

hange
those
pperty
| as a

le GpccspatialRegions descriptor shall be present at the Adaptation Set level or the Represer]

tation

h the Main GPCC Adaptation Set, or at the Preselection level for the G-PCC content. The mapiing of

region and the respective G-PCC tile component streams is signalled using the @tilerds attri
CCSpatialRegions descriptor. The @value attribute of the GPccspatialRegions descriptor shall
t.

ccspatialRegions descriptershall include elements and attributes as specified in Table 13.

ute of
not be

© ISO/IEC 2024 - All rights reserved

41


https://standardsiso.com/api/?name=8cac2d746d5f8eb2d06ccb3e29fed4d8

ISO/IEC 23090-18:2024(en)

Table 13 — Elements and attributes for the crccspatialregions descriptor

Elements and attributes for|Use Data type Description

GPCCSpatialRegions descrip-

tor

gpsr 0.1 gpcc:spatialRegionMapType |Container element whose attributes and ele-

ments specify a mapping between a 3D spatial
region and G-PCC tiles.

gpsr.spatialRegion 1.N gpcc:spatialRegionType An element whose attributes define a 3D spatial
region and provide a mapping between the
defined region and a number of G-PCC tiles.

gpsr.ppatialRegion@id M xs:unsignedShort An identifier for the 3D spatial region.
The value of this attribute shall match.the value
of the 3d_region_id field signaled for the
corresponding region in the ISOBMFF corftainer.

gpsr.ppatialRegion@x oD xs:int The x-coordinate of the reference point for the
bounding box defining‘the spatial regign.

If not present, the default value is 0.

gpsr.spatialRegion@y oD xs:int The y-coordinate of the reference pojnt for
the bounding’box defining the spatial region.

If not present; the default value is 0.
gpsr.spatialRegion(z oD xs:int The z-ceordinate of the reference point for the
bounding box defining the spatial regign.

If not present, the default value is 0.

gpsr.spatialRegion(@dx M xs:int The length of the bounding box along thq x-axis
(i.e., width). Negative values indicate a [ength
that extends in the negative direction of the axis.

gpsr.spatialRegion@dy M xs:int The length of the bounding box along the y-axis
(i.e., height). Negative values indicate afength
that extends in the negative direction of the axis.

gpsr.spatialRegion@dz M xs:int The length of the bounding box along thq z-axis
(i.e., depth). Negative values indicate a Jength
that extends in the negative direction of the axis.

gspr.ppatialRegion@ 0 xs:UlntVectorType A list of space separated G-PCC tile identifi-
tilelfls ers. A G-PCC tile identifier correspondgto the
tile idfield for a G-PCCtile in tile invgntory
and identifies the G-PCC tile associatefl with
the 3D spatial region.

Key:
For pttributes: M=Mandatory; O=Optional, OD=0Optional with Default Value, CM=Conditionally Mandatory.

For plements: <minOgcurs>..<maxOccurs> (N=unbounded)

Elemeijts are bold; attributes are non-bold and preceded with an @.

The d3ta typefor the attribute shall be as defined in the XML schema. An XML schema for G-PCC component
informpatiensignalling shall be as shown below. The schema shall be represented in an XML schema that has
namegpace urn:mpeg:mpegI:gpcc: 2023 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:xs="https://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:gpcc:2023"
xmlns:omaf="urn:mpeg:mpegl:gpcc:2023"

elementFormDefault="qualified">

<xs:element name="gpsr” type="gpcc:spatialRegionMapType” />
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<xs:complexType name="spatialRegionMapType”>

<xs:element name="spatialRegion” type="gpcc:spatialRegionType” minOccurs="1" />

</xs:complexType>

<xs:complextType name="spatialRegionType”>

<

</XS 13

10.3.2

When
of eac
Repre

@asso
'gpdr

10.3.3

10.3.3

When
and th|

in the

The e
Adapt
only a
When
the M3

10.3.3

Each
a sing

<xs:attribute name="id” type="xs:unsignedShort” use="required” />

<xs:attribute name="x" type="xs:int” use="optional” default="0" />

<xs:attribute name="y” type="xs:int” use="optional” default="0" />

<xs:attribute name="z” type="xs:int” use="optional” default="0" />

<xs:attribute name="dx” type="xs:int” use="required” />

<xs:attribute name="dy” type="xs:int” use="required” />

<xs:attribute name="dz” type="xs:int” use="required” />

<xs:attribute name="tile ids” type="xs:UIntVectorType” use="optiOnal” />
xs:complexType>

chema>

Signalling of dynamic spatial regions

the 3D partitions are dynamic, a timed-metadata track forzsignalling the anchor point and dime
h 3D region in the presentation timeline shall be carried in a separate Adaptation Set with a
bentation and associated (linked) with the Representations of the Main GPCC Adaptation Set usi
iationId attribute, defined in ISO/IEC 23009-1, with'a eassociationType value that includes t
for the corresponding Adaptation Set or Representation.

Tiled G-PCC data encapsulation and signalling

.1 Signalling of G-PCC tile base track

multiple G-PCC tile tracks are present, the Main Tile Adaptation Set shall contain the paramet

Main Tile Adaptation Set and\its Representations.

bodecs attribute for the Main Tile Adaptation Set is set to 'gpcb' or 'gpeb', indicating th
htion Set contains the JG-PCC tile base track data. When the Tile Component Adaptation Sets
single G-PCC compe@nent, the @codecs attribute for the Main GPCC Adaptation Set is set to '
the Tile Component Adaptation Sets signal all the G-PCC components data, the @codecs attrib
in GPCC Adaptation Setis setto 'gpeb'.

.2 Signaling of G-PCC tile tracks

-PCC tile track is signalled in the DASH MPD as a separate Adaptation Set. If the G-PCC tile track d

afomnonaont thao corvacnanding Adantatinn Cot 1c »nforend +0 ~c 2 TN Coranonant Adant s

nsions
single
ng the
he 4cc

PIr sets

e tile inventory from the G-PCC tile base track. G-PCC geometry and attribute data shall not be piresent

at the
signal

gpcb'.
ite for

arries

e-component—the-correspondingAdaptation-Setisreferred-to-asaTHe Component-Adaptation Set.

When multiple versions of a component for the same tile or, set of tiles, are present and carried in separate
tile tracks, each version shall be signalled in a Representation of the Tile Component Adaptation Set. The ¢
codecs attribute for Tile Component Adaptation Sets representing tile tracks of G-PCC media content shall
be setto 'gpt1'.

When multiple tile tracks are present in the container, each Representation in the geometry Tile Component
Adaptation Set refers to the corresponding Representation in the Main Tile Adaptation Set using the ¢
dependencyId attribute defined in ISO/IEC 23009-1. Similarly, each Representation in an attribute Tile
Component Adaptation Set refers to the corresponding Representation in the geometry Tile Component
Adaptation Set using the @dependency1d attribute. Examples of DASH signalling are explained in Annex H.
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10.3.3.3 DASH MPD Descriptors

10.3.3.3.1 GPCCTilelD Descriptor

A supplementalProperty element with a @schemeTduri attribute equal to "urn:mpeg:mpegI:gpcc:2023:tile
10" referred as GPCCTilelD descriptor can be used to distinguish between different G-PCC tile tracks.

At most one epccTileID descriptor can be present at the Adaptation Set level for a G-PCC Tile Component
Adaptation Set. The GpccTileId descriptor shall be present at the Adaptation Set level if the Adaptation
Set represents a G-PCC tile track carrying all the G-PCC components for the tiles in the track. One or more

GpccTileID descriptors can be present in a G-PCC Tile Preselection as defined in subclause 10.3.3.4. The
GrccTileID descriptor shall include the attributes defined in Table 14.

Table 14 — Attributes for the GPCCTilelD descriptor

Attributes for GPCCTileID |Use |Datatype Description
descriptor
@tile| Ids M xs:UIntVectorType Alist of space-separatedidentifiers corresppnding

to the value of the tilke id field of each|G-PCC
tile present in the\G!PCC tile track.

Shall only be present if the Adaption Set i§ a Tile
Component{Adaptation Set.

Shall onlybe present if the correspondipg tile
track earries a constant number of tiles ajnd the
tile'identifiers do not change throughout §he bit-
stream.i.e,, dynamic num tiles flag i$setto
0 inthe GPCCTilesampleEntry of the respective
tile track.

Key:
For pttributes: M=Mandatory, O=Optional, OD=0Optional with*Default Value, CM=Conditionally Mandatory.

For plements: <minOccurs>..<maxOccurs> (N=unbounded)

Elemeijts are bold; attributes are non-bold and precededwith an @.

The d3ta type for the attribute shall be as defined in the XML schema. An XML schema for G-PCC component
infornpation signalling shall be as shown.below. The schema shall be represented in an XML schema that has
namegpace urn:mpeg:mpegl:gpcc:2023~and is specified as follows:

<?xml |version="1.0" encoding={UTF-8"7?>

<xs:s¢hema xmlns:xs="httpslt/Ywww.w3.0rg/2001/XMLSchema"
targetNamespace="urnumpeg:mpegl:gpcc:2023"
xiilns:omaf="urn@mpeg:mpegl:gpcc:2023"

elementFormDegfault="qualified">

<gfs:attribute name="tile Ids " type="xs:UIntVectorType" use="required”/>

</xs:schema>

10.3.3.4 GPCC tile preselections

A G-PCC Tile Preselection is signalled in the MPD using a Preselection element. The ecodecs attribute
for the Preselection shall be set to 'gpt1', indicating that the Preselection contains a set of G-PCC tiles. A
G-PCC Tile Preselection can either be signalled using a Preselection element within the period element or a
Preselection descriptor at the Tile Component Adaptation Set level.
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Geometry Tile Component Adaptation Set and associated attribute Tile Component Adaptation Sets shall
be part of a single Tile Preselection in the MPD with the geometry tile Component Adaptation Set being
the main Adaptation Set for that Tile Preselection. The @preselectionComponents attribute for a G-PCC
Tile Preselection shall contain the identifier of a geometry Tile Component Adaptation Set followed by the
identifiers of corresponding attribute Tile Component Adaptation Set. The respective Representation of the
Main Tile Adaptation Set corresponding to each Representation of the geometry Tile Component Adaptation
Set is identified using @dependencyId attribute signalled in the Representation of the Tile Component
Adaptation Set.

Each G-PCC Tile Preselection can contain one or more geccrileIb descriptor(s). This allows the identification
of the tiles referenced in each Preselection. When the gpccTileip descriptor is not present, the tiles
belonging to a G-PCC Tile Preselection shall be identified from the Gecccomponent descriptor signalled in the
Tile Component Adaptation Sets.

10.4 Pignalling recommended viewports

10.4.1 Signalling of static recommended viewports

A supplementalProperty With a @schemeTduri equal to “urn:mpeg:mpegI:gpcc;2023:rv” is defined for the
Recomfiended Viewport (RV) descriptor in order to signal the recommended viéwports of the G-PCC cgntent.
This dpscriptor may be used by content providers to signal a set of viewport position and rotation paragneters
recommended for rendering the G-PCC content. The rv descriptor indicates-that each Representation|in the
Adapthtion Set (for the multi-track case, this includes the Representatioiis in the Main Adaptation Set and
other felated Adaptation Sets for the corresponding G-PCC componénts) is recommended to be rendered
basedon the provided set of viewport position (¢vp_pos) and rotation (evp quat).

One of more rRv descriptors may be present in each Adaptation Set for the single-track DASH mode.|In the
case of the multi-track DASH mode, one or more rv descriptors, if present, shall only be placed in the Main
Adapthation Set. No other RV descriptor shall be present atithe MPD representation level or any other level in
both single-track and multi-track DASH modes.

The ry descriptor shall include elements and attribtites as specified in Table 15.
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Table 15 — Elements and attributes for the RV descriptor

Elements and attributes |Use |Datatype Description

@viewport_id 0 xs:integer An identifier for the viewport.

ViewportInfo 1 gpcc:ViewportinfoType Container element whose sub-elements and attributes
provide information about the viewport.

ViewportInfolvp_pos M gpcc:FloatVectorType Indicates the x-, y- and z-coordinates of the position
of the viewport in meters in the global reference co-
ordinate system. The values in the array are in said
order and the length of array is three.
IFpnci‘Hnn ofthe RVis riynqmir" thisattribute specifies
the initial viewport position for this RV. Qthdrwise,
this attribute specifies the static viewpertiposition.

ViewpprtInfolvp quat M gpcc:IntVectorType Indicates the x-, y- and z-components-ofithe rqtation
of the viewport using the quaternien‘represengation.
The fourth component (w) maybe calculated when
other components are known..The'integer valugs shall
be mapped to range -1 andr1,inclusive.
If the rotation of the RV js dynamic, this attributg speci-
fies the initial viewportrotation for this RV. Othgrwise,
this attribute specifies the static viewport rotation.

ViewpprtInfolvp center |0 xs:boolean Ifequal to 1, this'attribute indicates that the vigwport

view [flag position signalled corresponds to the centre|of the
viewport. iequal to 0, it indicates that the vigwport
positionsignalled corresponds to one of two [stereo
positions of the viewport.

ViewpprtInfolvp left |0 xs:boolean Ifequal to 1, this attribute indicates that the vigwport

view [flag information signalled correspond to the left stereo
position of the viewport. If equal to 0, it indicatps that
the viewportinformation signalled correspond to the
right stereo positions of the viewport.

ViewpprtInfolviewport |0 xs:string Null-terminated UTF-8 string describing the hu-

descrfiption man-readable textual information associatefl with
the viewport (e.g. “VIP Tribune View”, “Mafgathon
Tribune View”, etc.)

ViewpprtInfolviewport_ |0 xs:integer Type of the recommended viewportaslisted in Table 10

type

Key:

For pttributes: M=Mandatory, O£0ptional, OD=Optional with Default Value, CM=Conditionally Mandatory.
For plements: <minOccurs>..cmaxOccurs> (N=unbounded)

Elemerjts are bold; attributesare non-bold and preceded with an @.

The dqta type for thedttribute shall be as defined in the XML schema. An XML schema for G-PCC component

infornjation signalling shall be as shown below. The schema shall be represented in an XML schema that has

namegpace urnipeg:mpegl:gpcc:2023 and is specified as follows:

<?xml |vefisBon="1.0" encoding="UTF-8"?>

<xs:sdthefla xmlns: ="http www . w3 . o0rg/2007 MLSchema™

targetNamespace="urn:mpeg:mpegl:gpcc:2023"

xmlns:omaf="urn:mpeg:mpegl:gpcc:2023"

elementFormDefault="qualified">

<xs:attribute name="viewport id" type="xs:integer" use="optional” />

<xs:element name="ViewportInfo” type="gpcc:ViewportInfoType” />
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<xs:complexType name="ViewportInfoType”>

<xs:attribute name="vp pos" type="gpcc:FloatVectorType" use="required" minLength="3

maxLength="3" />

<xs:attribute name="vp quat" type="gpcc:IntVectorType" use="required" minLength="3"

maxLength="3"/>

<

<xs:attribute name="vp center view flag” type="xs:boolean" use="optional” />
<xs:attribute name="vp left view flag" type="xs:boolean" use="optional" />
<xs:attribute name="viewport description" type="xs:string" use="optional" />

<xs:attribute name="viewport type" type="xs:integer" use="optional" default="0" />

"

xs:complexType>

</xs:$chema>

10.4.7 Signalling of dynamic recommended viewports

For dy

be associated with a timed metadata Representation carrying a timed metadata-track with samplg

type '
Adapt

gpdv'. In particular, the timed-metadata track for viewport signalling shall be carried in a se
htion Set and associated with a Representation of the Main Adaptation<Set'using the eassocia

attribuite, defined in ISO/IEC 23009-1, with a gassociationType value thatuncludes the 4cc 'gpdv' |
corregponding Adaptation Set or Representation.

11 Encapsulation and signalling in MMT

111
When

Encapsulation of G-PCC bitstream for MMT streaming

the G-PCC bitstream is stored in the ISOBMFF file“ising multi-track encapsulation mode, each

is proposed to be encapsulated into a separate MMT, asset, which is then packetized into MMTP pac}

specif
certai

ed in ISO/IEC 23008-1. For the server and client to be able to identify a group of assets belongi
h G-PCC component, a G-PCC defined application message is proposed.

To support the delivery of G-PCC bitstream using MMT, each track inside the multi-track ISOBMFF
contaipner will be encapsulated into a separate G-PCC Asset, where the number of assets equals the n
of tradks inside the multitrack G-PCC ISOBMFF container. Multiple assets which correspond to a single
compqnent are grouped and signalled as a G-PCC asset group in application specific message. Alter

compd

server|and client selection decisions without the need for parsing the ISOBMFF file inside the MMTP g

11.2

MMT signalling descriptors

11.2.1 Asset reference descriptor

11.2.1.1 Genheral

This
added

namic viewports where the viewport position and rotation change over time, the-RV descriptor shall

entry
parate
rionId
or the

track
fets as
ng toa

G-PCC
umber
G-PCC
native

nent tracks can also be exposed using the G-PCC application-specific messages to enable effficient

acket.

Seriptor provides the reference relationship information among the assets. This descriptor s}

hall be

TO the asset descriptor 100p of the signalling messages or signalling tables (€.g. MP tablej of at

referencing other assets.

1 asset

For a GPCC Content, asset reference descriptor is carried in the asset descriptor loop of signalling messages
or signalling tables of an Asset for the G-PCC geometry track. The descriptor includes track references to
the Assets carrying G-PCC attribute track with the track reference type for each GPCC attribute component.
When G-PCC tile tracks are used, the asset descriptor loop of the Asset carrying G-PCC tile base track includes
asset reference descriptor to the Assets carrying the G-PCC geometry tile track and the asset descriptor loop
of the Assets carrying G-PCC geometry tile track carries the asset reference descriptor providing references

to the

Assets carrying G-PCC attribute tile tracks.
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.2 Syntax

Table 16 shows the syntax of the Asset Reference Descriptor.

Table 16 — Asset reference descriptor

Syntax Values No. of bits Mnemonic
Asset_Reference_Descriptor (){
descriptor_tag 16 uimsbf
descriptor_length 8 uimsbf
gr(]:p_identification 8 uimsbf
nuinber_of reference N 8 Uimsbf
for[i=0; N ; i++){
Feference_type 32 char
hsset_id()
}
}
11.2.1.3 Semantics
descriptor tagindicates the type of a descriptor.
descriptor length specifies the length in bytes counting from the next byte after this field to the lagt byte
of the descriptor.
group |identification specifies the group identification which identifies a group of Assets in refprence
relatignship.
numbey of reference specifies the number of referenced Assets by the Asset this descriptor is assdciated
with.
referd¢nce type specifies the type of reference. This is described in four-character code (“4cc”| type
registg¢red in ISO/IEC 14496-12 (see https://Www.iso.org/mara).
asset|id () provides the identifier of the\Asset referenced by the Asset this descriptor is associated with, as
defineld in ISO/IEC 23008-1:2023, subclause 10.6.2.
11.2.7 G-PCC Asset descripter:
11.2.2.1 General
This apset descriptof.is used to inform the receiving entity and the consuming application about the cpntent
of an Asset that carries G-PCC bitstream. This descriptor shall be added to the asset descriptor loop|of the
signalling messages or signalling tables (e.g. MP table) of an asset comprising a G-PCC bitstream.
11.2.2.2 “Syntax

Table I7 shows the syntax of the G-PCC Asset Descriptor.
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Table 17 — G-PCC asset descriptor

Syntax Values No. of bits Mnemonic
GPCC_descriptor () {
descriptor_tag 16 uimsbf
descriptor_length 16 uimsbf
data_type 8 uimsbf
all_tiles_present_flag 1 bslbf
reserved ‘1111117 7 bslbf
if ('all_tiles_present_flag) {
TTUm_tiies Nt 16 mimsbf
for (i=0; i<N1; i++) {
tile_id 16 uimsbf
}
}

11.2.2.3 Semantics

descriptor tagindicates the type of a descriptor.

descriptor length specifies the length in bytes counting from the nextbyte after this field to the las

of the descriptor.

data_type indicates the type of G-PCC data present in this Asset@roup. The values for this field are li

Table 18.

Table 18 — Values-0of data type

Value Description

0x00 All G-PGE€tomponents (Geometry and Attributes) data
0x01 Geometry component

0x02 Attribute component

0x03 SPS, GPS, APS, FSAP and tile Inventory

0x04 3D Spatial region timed meta data information

0x05 Viewport timed metadata information

0x05-0xFF Reserved

all t]les present flagindicates weather all the tiles for the geometry component are part of an A
not. Value 1 indicates that data for all the G-PCC tiles is available in the Asset. Value 0 indicates that d

a sub-fet of the G-PE€C. tiles is available in the Asset.

num_t}les indicates the number of tiles carried in this Asset.

tile 1d indicates a unique identifier for a particular G-PCC tile.

t byte

bted in

sset or
qta for

11.3 MMT application-specific signalling messages

11.3.1 General

MMTP specification defines application-specific signalling messages which allow for the delivery of
application-specific information. For streaming G-PCC bitstream using the MMT protocol, a set of G-PCC
application-specific signalling messages are defined. These G-PCC-specific signalling messages shall have
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an application identifier with a URN value of “urn:mpeg:mmt:app:gpcc:2023~. The following application
message types are defined.

— GPCCAssetGroupMetadataMessage

— The sending entity sends this message to inform the client about the set of G-PCC assets available at
the server, and to provide a list of those assets which are being streamed to the receiving entity.

— GPCCAssetSelectionMessage

— The receiving client uses this message to request the set of G-PCC assets to be streamed by the
sending entity.

— GHCCViewChangeFeedback

— The receiving client uses this feedback message to send an indication of the user’s eurrent viewing
space to the sending entity.

The cjccassetGroupMetadataMessage is mandatory when sending G-PCC bitstream viaMMT. This mgssage
provides the receiving client with a list of G-PCC assets available at the server. It als®informs the redeiving
client pbout which of these assets are currently being streamed. From this ljst, the client can request a
uniqué¢ subset of these G-PCC assets using the GpccassetSelectionMessage. Rhelist of application message
types |s provided in Table 19.

Table 19 — G-PCC application message types

Application Message Type Application Message Namé

0x01 GPCCAssetGroupMetadataMessage
0x02 GPCCAssetSelectionMessage

0x03 GPCCViewChangeFeedback
0x04-0xFF Reserved

11.3.7 GPCC Asset Group Metadata Message

11.3.2.1 Syntax

Table £0 shows the syntax of the GPCCAssetGroupMetadataMessage.
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Table 20 — Syntax of GPCCAssetGroupMetadataMessage

Syntax Values No. of bits Mnemonic
Application () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message_payload {
application_identifier()
if (application_identifier == “urn:mpeg:mmt :app:gpcc:2023”){
pp_Message_type 8 Timgbf
f (app_message_type == 0x01) {
num_gpcc_asset_groups N1 8 uimgbf
start_time 32 uimgbf
for (i=0; i<N1; i++) {
asset_group_id 16 uimgbf
num_assets N2 16 uimgbf
3D_regions_info_flag 1 1 bslIf
reserved “1111111% 7 bslbf
for (j=0; j<N2; j++)
asset_id() 16 uimgbf
if (3D_regions_info_flag) {
num_regions N3 16 uimgbf
for (j=0; j<N3; j++)
GPCCSpatialRegionStruct()
}
}
)
}
}

11.3.24.2 Semantics

message id indicates the identifiertwf the G-PCC application message.

versig¢n indicates the version ofthe G-PCC application message.

length indicates the length-ef the G-PCC application message in bytes, counting from the beginning|of the

ngxt field to the lagt'’byte of the message. The value of this field shall not be equal to 0.

appli¢ation_ident@£Y¥er indicates the application identifier as a urn that uniquely identifies the type of

agplication,.to'consume the contents of this message.

app_mdssage.type defines an application-specific message type provided in Table 19. The length of this field

is[8 bits!

num_gpcc_asset_groups indicates the number of G-PCC asset groups, where each asset group contains the
assets associated with a G-PCC component.

asset_group id indicates the identifier of the asset group associated with a G-PCC component.

num_assets indicates the number of assets within this asset group which are associated with a G-PCC

component.

start_time indicates the presentation time of the G-PCC component from which the state of the assets listed
in this message are applicable.
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3d regions_info flagindicates the 3D spatial regions are available in the G-PCC bitstream or not. This flag
is setto 0 or 1 for only geometry asset group. This flag shall be set to 0 for all other asset groups.

GPCCSpatialRegionStruct () is an instance of GPCCSpatialRegionStruct and carries the information of the
3D spatial regions covered by the asset group.

asset_id provides the asset identifier of the asset as defined in ISO/IEC 23008-1:2023, subclause 10.6.2.
11.3.3 GPCC Asset Selection Message

11.3.3.1 Syntax

Table £1 shows the syntax of the GPCCAssetSelectionMessage.

Table 21 — Syntax of GPCCAssetSelectionMessage

Syntax Values Nl:)i.t(s)f Mnemonic
Appljcation () {
me§sage_id 16 uimlsbf
verkion 8 uimsbf
length 16 uimsbf
mepsage_payload {
application_identifier()
if (application_identifier == “urn:mpeg:mmt :app:gpcc:2023”) {
app_message_type 8 Uimsbf
if (app_message_type == 0x02) {
num_selected_asset_groups N1 8 Uimsbf
for (i=0; i<N1; i++) {
asset_group_id 16 uimsbf
reserved “11117 4 bslbf
switching_mode 4 bslbf
num_assets N2 16 uimlsbf
if (switching_mode == 0x01}{ 0x02) {
for (j=0; j<N25j++) {
assét. id()
}
}
}
}
}
}
}

11.3.3.2 “Semantics

message id Indicates the identifier of the G-PCC application message.
version indicates the version of the G-PCC application message.

length indicates the length of the G-PCC application message in bytes, counting from the beginning of the
next field to the last byte of the message. The value of this field shall not be equal to 0.

application identifier indicates the application identifier as a urn that uniquely identifies the type of
application to consume the contents of this message.

app_message_type defines an application-specific message type provided in Table 19. The length of this field
is 8 bits.
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num selected asset groups indicates the number of asset groups for which there is an associated state
change request by the receiving entity.
asset _group id indicates the identifier of the asset group associated with a G-PCC content.

switching mode indicates the switching mode used for the selection of assets as requested by the receiving
entity (see Table 22).

Table 22 — Switching modes and definition of switching mode

Value Switching mode Definition of switching mode

0x1 Refresh For each asset listed as specified by its asset id, its state flag Will be
set to “1”, and the state flag for all other non-listed assets of)thg same
asset group idwill be setto “0”.

The states for assets of other non listed asset groups will remain unchpnged.

0x2 Toggle For each asset listed as specified by its asset id, its-sgate flag Will be
changed (to “1”, if originally “0”, to “0” if originally “1"):
The states for all non listed assets will remain unchanged

0x3 Send all For the specified asset group, all associated,assets within the group have
their state flagsetto “1".

0x4~(xF Reserved Reserved

num_agsets indicates the number of assets signalled for the state change’according to the switching mode
specified.

asset|id indicates the identifier for the asset as defined in ISO/AEC 23008-1:2023, subclause 10.6.2, for the
sthte change according to the switching mode specified.

11.3.4 GPCC View Change Feedback Message

11.3.4.1 General
For vigw-dependent delivery of G-PCC bitstream through MMT, the G-PCC player uses the G-PCC view ¢hange

feedbgck message to send its current viewport information to the server, after which the server canselect
and dgliver the Assets corresponding to'thdt viewport to the G-PCC player.

11.3.4.2 Syntax

Table 23 shows the syntax of the G-PCC View Change Feedback Message.
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Table 23 — G-PCC View Change Feedback Message

Syntax Values No. of bits Mnemonic
GPCC_view_change_feedback_message () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

message_payload {
application_identifier()

app_message_type 8 uimsbf
VDP_POS_X 32 mim3bf
Vp_pos_y 32 nimgbf
Vp_pos_z 32 uimsbf
vp_quat_x 32 uimgbf
vp_quat_y 32 uimgbf
vp_quat_z 32 uimgbf
clipping_near_plane B2 uimgbf
clipping_far_plane 32 uimgbf
horizontal_fov 32 uimgbf
vertical_fov 32 uimgbf
last_processed_media_timestamp 32 uimgbf

11.3.4.3 Semantics
message id indicates the identifier of the G-PCC application'message.
versi¢n indicates the version of the G-PCC application message.

length indicates the length of the G-PCC application message in bytes, counting from the beginning|of the
next field to the last byte of the message. The value of this field shall not be equal to 0.

appli¢ation identifier indicates the application identifier as a URN that uniquely identifies the application
to conpume the contents of this message;

app_m¢ssage type indicates the type of the G-PCC application message.

vp po$ _x, vp_pos_y, vp_pds)z respectively indicates the x, y and z coordinates of the position |of the
viewpprt in meters in the global reference coordinate system. The values shall be expressed in 32-bit pinary
floating-point format with’the 4 bytes in big-endian order and with the parsing process as specified in
IEEE 754.

vp_quigt x, vp guat y, vp quat z indicates the X, y, and z components, respectively, of the rotation of
the vigwport region using the quaternion representation. The values shall be in the range of - 230 fo 230,
inclusjve. When the component of rotation is not present, its value shall be inferred to be equal to |0. The
value ¢f rotation components may be calculated as follows:

_

gX = cam guat_xX - ;T JY = Ccam quat v - ;T gz = cam quat_z -

The fourth component, qw, for the rotation of the current camera model using the quaternion representation
is calculated as follows:

gW = Sgrt( 1 - ( gX? + g¥2 + gZ? ) )

The point (w,x,y,z) represents a rotation around the axis directed by the vector (x,y,z) by an angle 2+*cos
AM=1) (w)=2*sin A {-1} (sqrt (x"{2}+y"{2}+27{2})) .
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clipping near plane, clipping far plane indicates the near and far depths (or distances) based on the
near and far clipping planes of the viewport in meters. The values shall be expressed in 32-bit binary floating-
point format with the 4 bytes in big-endian order and with the parsing process as specified in IEEE 754.

horizontal fov specifies the longitude range corresponding to the horizontal size of the viewport region, in
units of radians. The value is in the range 0 to 2.

vertical fov specifies the latitude range corresponding to the vertical size of the viewport region, in units
of radians. The value is in the range 0 to m.

last processed media timestamp indicates the presentation timestamp of the last media unit that has
been anpanded totha dacadar huffar Thic fiald 1c vncad by tha MMT canding antity +0 datarming tha next
gqppenaea—to+tneaecoaeroue S He eSS a Byt i SeRahgehtlr y—to—aeteraHhe—+nC

mediajunit from the new asset that is sent to the player. The next media unit is the one with a timestgmp or
sequence number immediately following the indicated timestamp.
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Annex A
(normative)

File format toolsets and brands

A.1 General

This 4
bitstrg
indica

Atleaq
Handl

A.2 Timed G-PCC data storage in ISOBMFF

A2.1

The b
confoi

A2.2

The b
confor

subclauses 7.4 and 7.5.

A2.3

The by
to the
tools f]

A3

The b
confor
Claussd

nnex defines what constitutes tools, for the purposes of branding files encapsulating the
am. A specific brand may require some or all the tools indicated here. A brand should be chosg

t one volumetric visual track with volumetric visual media handler type 'vo1v'(shall be present
brBox of the MediaBox, as defined in ISO/IEC 14496-12.

Single track encapsulation

Fand 'gpst' may be present among the compatible brands list of the FileTypeBox. File r
ming to the 'gpst' brand shall support single track encapsulation as specified in subclause 7.3.

Multiple track encapsulation

fand 'gpmt' may be present among the compatible brands list of the FileTypeBox. File r
ming to the 'gpmt' brand shall support the-track encapsulation in multiple tracks as speci

Encapsulation with partial accéss support

and 'gppa' may be present amongithe compatible brands ofthe FileTypeBox. File readers confa
"gppa' brand shall support the encapsulation with G-PCC tile tracks as specified in subclause 7
pr partial access of G-PCC.data as specified in subclause 9.1.

Non-timed G-PCC-data storage in ISOBMFF

fand 'gpci’ may be present among the compatible brands list of the FileTypeBox. File r
ming to the“¥gpci' brand shall support the encapsulation with non-timed G-PCC data as speci
8. The brand 'gpci' does not mandate a MovieBox('moov') in the file.

G-PCC
n that

Les the full level of support required, including any requirements on other specifications-(e.g. sfipport
for aspects of the ISO base media file format specification, ISO/IEC 14496-12).

in the

baders

baders
fied in

rming
.5, the

baders
fied in
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Annex B
(normative)

GPCC DASH Schema

<?xml version="1.0" encoding="UTF-8"?>

<Xs: sphema—alass="hitpe: P E a2 00 M ESehema
targetNamespace="urn:mpeg:mpegl:gpcc:2023"
xmflns:v3c="urn:mpeqg:mpegl:gpcc:2023"

elpmentFormDefault="qualified">

<xfp:attribute name="gpcId" type="xs:string" use="optional" />

<xl:attribute name="tile Ids" type="xs:UIntVectorType" use="required'>

<xp:element name="component" type="gpcc:gpccComponentType"/>

<xf:complexType name="gpccComponentType">

<xf:attribute name="type" type="xs:string" use="required"(J>
<xf:attribute name="attr type" type="xs:unsignedByte'suse="optional" />
<xp:attribute name="attr label oid" type="xs:string%use="optional" />
<xp:attribute name="attr index" type="xs:unsignedByte" use="optional" />
<xl:attribute name="tile ids" type="xs:UIntVecgorType" use="optional" />

</ks:complexType>

<xp:element name="gpsr" type="gpcc:spatdalRegionMapType" />

<xfp:complexType name="spatialRegienMapType'">
<x:element name="spatialRegiof",Mtype="gpcc:spatialRegionType" minOccurs="1"/>

</ks:complexType>

<xf:complexType name="gpatialRegionType">

<xf:attribute name="@dJ" type="xs:unsignedShort" use="required" />
<xf:attribute namegTx" type="xs:int" use="optional" default="0" />
<xfp:attribute pame="y" type="xs:int" use="optional" default="0" />
<xfp:attributd/mame="z" type="xs:int" use="optional" default="0" />
<xp:attributé name="dx" type="xs:int" use="required" />
<xp:attrAibute name="dy" type="xs:int" use="required" />

<xp:aftribute name="dz" type="xs:int" use="required" />

<xprattribute name="tileIds" type="xs:UIntVectorType" use="optional" />

</xs:complexType>

<xs:attribute name="viewport id" type="xs:integer" use="optional" />

<xs:element name="ViewportInfo" type=" gpcc:ViewportInfoType"/>

<!-- viewport -->
<xs:complexType name="ViewportInfoType">
<xs:attribute name="vp pos" type="gpcc:FloatVectorType" use="required"

minLength="3" maxLength="3"/>
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<xs:attribute name="vp quat" type="gpcc:IntVectorType" use="required"
minLength="3" maxLength="3"/>

<xs:attribute name="vp center view flag" type="xs:boolean" use="optional"/>

<xs:attribute name="vp left view flag" type="xs:boolean" use="optional"/>

<xs:attribute name="viewport description" type="xs:string" use="optional"/>

<xs:attribute name="viewport type" type="xs:integer" use="optional" default="0"/>

<xs:anyAttribute processContents="skip"/>

</xs:complexType>

<!pP—ftoat—=and—TImtVvectors——
<xp:simpleType name="FloatVectorType">
<xk:list itemType="xs:float"/>
</ks:simpleType>

<xfg:simpleType name="IntVectorType">
<xk:list itemType="xs:integer"/>

</Kks:simpleType>

</xs:pchema>
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Annex C
(normative)

MIME types and sub-parameters

MIME types and sub-types

When
'appl]

Examp

Content-Type: application/mp4;

C.2

C.2.1
When
in this
starts

C.2.2
When

subclause 7.3 ('gpel' or 'gpeg'), subclause 7.4 (!gpcl' or 'gpcg') or subclause 7.5 ('gpeb', 'gp

'gptl
in ISO
charag

MIME type is associated with G-PCC data as described in this specification, MIME) tj
cation' shall be used along with the sub-type 'mp4'.

le

Sub-parameters for 'codecs’' parameter

General

annex apply when the MIME type identifies a file format of this family and the 'codecs' parg
with a sample-entry code from this document.

G-PCC family

the first element of a value is a code indicating'a codec from ISO/IEC 23090-9, as documen

), the elements following are a series of values from seq parameter set syntax structure, as d
IEC 23090-9, contained in SPS of the.G-PCC decoder configuration record, separated by

« n

ters (“.”). In all numeric encodings, leading zeroes may be omitted.

simple profile compliant encoded as a decimal number;
dense profile compliant éncoded as a decimal number;
predictive profile €ompliant encoded asa decimal number;
main _profile cofigtiant encoded as a decimal number;

level idc enceoded as a decimal number;

rpe of

the 'codecs' parameter of a MIME type is used, as defined in\IETF RFC 6381, the sub-parameters

meter

ted in
tb' Or
efined
period

the respective track when it is geometry track, otherwise, when it is attribute track, the referenced
decoder configuration record is taken from the geometry track referenced by the attribute track. For 'gpt1?,
the referenced G-PCC decoder configuration record is taken from the G-PCC tile base track referenced by the
respective tracks.
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