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ISO (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.
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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, of which visual
volumetric video is an integral part.

Visual volumetric video, a sequence of visual volumetric frames, if uncompressed, can be represented
by a large amount of data, which can be costly in terms of storage and transmission. This has led to the
need for a high coding efficiency standard for the compression of visual volumetric data.

Visual volumetric frames can be coded by converting the 3D volumetric information into a collection of

2D images a

image coding specifications, such as ISO/IEC 14496-10 and ISO/IEC 23008-2 and the associated

can be code
can then be
a generic me
generic mec
immersive v

In addition t
applications
volumetric f
Each point h
number of af

The Intern
Commission
involve the y

ISO and IEC

Ed associated data. The converted 2D images can be coded using widely available vide

with mechanisms specified in this document. The coded images and the associated
decoded and used to reconstruct the 3D volumetric information. This document spe
chanism for visual volumetric video coding, i.e. visual volumetric video;based coding
hanism can be used by applications targeting volumetric content, stuch’as point cl
ijdeo with depth, mesh representations of visual volumetric frames, ete:

o the generic mechanism of coding volumetric content, this doCument specifies one
of visual volumetric video-based coding targeting point cleud representations of ¥
rames. In a point cloud sequence, each point cloud frame.contains a collection of p
as a 3D position, i.e., geometry information, and each point can also be associated ¥
tributes, such as colour, reflectance, surface normal, ete.
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Information technology — Coded representation of
immersive media —

Part 5:

Visual volumetric video-based coding (V3C) and video-

based point cloud compression (V-PCC)

1 S§cope

This [document specifies the syntax, semantics and decoding for visual(velumetric

vided-based coding methods. This document also specifies processes:\that can be
recor]struction of visual volumetric media, which can also include additional proceq
post-flecoding, pre-reconstruction, post-reconstruction and adaptatioh.

2 ormative references

The following documents are referred to in the text insuch a way that some or all of t
constfitute requirements of this document. For dated/réferences, only the edition cited
undafed references, the latest edition of the referencéd document (including any amendme

IEEE [754-2019, IEEE Standard for Floating-Point Atithmetic

IETF|RFC 1321The MD5 Message-Digest Algorithm

IETF|RFC 564 6Tags for Identifying Languages

ISO/IEC 10646, Information technolegy — Universal Coded Character Set (UCS)

ISO/IEC 14496-10:2020, Information technology — Coding of audio-visual objects — Part
Vided Coding

ISO/IEC 14496-12, Information technology — Coding of audio-visual objects — Part 12: 1S
file fdrmat

ISO/IEC 14496-15;* Information technology — Coding of audio-visual objects — Part 15]
network abstraction layer (NAL) unit structured video in the 1SO base media file format

ISO/IEC, 23008-2:2020, Information technology — High efficiency coding and media
heterpgeneous environments — Part 2: High efficiency video coding

media using
needed for
ses such as

heir content
applies. For
nts) applies.

[0: Advanced

) base media

Carriage of

delivery in

ISO/IEC 23090-3, Information technology — Coded representation of immersive media — Part 3: Versatile

video coding

ISO/IEC 23091-2, Coding-independent code points for video signal type identification

Rec. ITU-T T.35:2000, Procedure for the allocation of ITU-T defined codes for non standard facilities

Rec. ITU-T H.271:2006, Video back-channel messages for conveyance of status information
from a video receiver to a video sender
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3 Terms

For the purp

090-5:2021(E)

and definitions

oses of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Onli
IEC Elec

31

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at http://www.electropedia.org/

3D bounding box
volume defifjed as a cuboid solid having six rectangular faces placed at right angles

3.2

associated pon-ACL NAL unit
non-ACL NAL unit (3.78) that is associated with an ACL NAL unit (3.6) for the purpose_.of decoding or
other operatfions specified by this document

3.3

associated ACL NAL unit

preceding ACL NAL unit (3.6) in decoding order for a non-ACL NAL unit (3.78)/with nal_unit_type
to NAL_EOS| NAL_EOB, NAL_FD, NAL_SUFFIX_NSEI, or NAL_SUFFIX_ESEI, or in the ranges of
RSV_NACL_48..NAL_RSV_NACL_52 or NAL_UNSPEC_53..NAL_UNSPECZ63; or otherwise the nex
NAL unit (3.4) in decoding order

3.4

atlas

collection of|2D bounding boxes and their associated information placed onto a rectangular fram
correspondipg to a volume in 3D space on which volumetric data is rendered

3.5

atlas bitstrg
sequence of
more CASs (3

Pam
bits that forms the representation\of atlas frames (3.8) and associated data forming d
.36)

3.6

atlas coding
ACL NAL un|
collective te
reserved val

3.7

atlas coordi
two scalars
relative to t
direction, re

3.8
atlas frame

F layer NAL unit

it

'm for coded atlas-tile layer NAL units (3.76) and the subset of NAL units (3.76) that
jues of nal_unit(type that are classified as being of type class equal to ACL in this docy

nates
%, y)-with finite precision and dynamic range that indicate the location of an atlas s
he/top' left corner of an atlas frame, with x and y indicating the horizontal and ve

equal
INAL_
t ACL

e and

ne or

have
ment

mple
rtical

spectively

2D rectangular array of atlas samples onto which patches (3.85) are projected and additional

information

3.9
atlas frame
AFPS

related to the patches (3.85), corresponding to a volumetric frame (3.138)

parameter set

syntax structure (3.120) containing syntax elements (3.119) that apply to zero or more entire coded atlas

frames (3.8)

as determined by the content of a syntax element (3.119) found in each tile header

© ISO/IEC 2021 - All rights re

served


https://www.iso.org/obp
http://www.electropedia.org/
https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

3.10

atlas sample

position on the rectangular frame onto which patches (3.85) that are associated with an atlas (3.4) are
projected

3.11
atlas sequence
collection of atlas frames (3.8)

3.12

atlas sequence parameter set
ASP
syntalx structure (3.120) containing syntax elements (3.119) that apply to zero or more entire coded atlas
sequdnces (3.35) as determined by the content of a syntax element (3.119) found in the"AFPE referred to
by a dyntax element found in each tile header

3.13
atlas|sub-bitstream
extrajcted sub-bitstream (3.108) from the V3C bitstream (3.128) containing a part of gn atlas NAL
bitstream

3.14
atlas|unit
set of NAL units (3.76) that contain all ACL NAL units (3.6) of a'coded atlas (3.34) and thefir associated
non-ACL NAL units (3.2)

3.15
attribute
scalaf or vector property optionally associated With each point in a volumetric frame (3.1L138) such as
coloulr, reflectance, surface normal, transpareney, material ID, etc.

3.16
attribute access unit
collegtion of attribute maps (3.18) and auxiliary attribute frames, if available, for a specjfic attribute
(3.15) that correspond to the same time instance

3.17
attribute frame
2D rgctangular array created through the aggregation of patches (3.85) containing valueg of a specific
attrifjute (3.15)

3.18
attribute map
attrifute frame (3.17) containing attribute patch (3.85) information projected at a partficular depth
indicated(by the corresponding geometry map (3.59)

3.19
auxiliary attribute frame

2D rectangular array that is associated with RAW patches (3.103) and EOM patches (3.51), and contains
values of a specific attribute (3.15)

3.20
auxiliary geometry frame
2D rectangular array that is associated with RAW patches (3.103) and contains geometry (3.56) values

3.21

auxiliary video component

video component (3.125) indicated as being of auxiliary type through an appropriate flag in the VPS
(3.134) and containing data only associated with RAW patches (3.103) or EOM patches (3.51), or both

© ISO/IEC 2021 - All rights reserved 3
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auxiliary video sub-bitstream
video sub-bitstream (3.127) indicated as being of auxiliary type through an appropriate flag in the VPS
(3.134) and containing data only associated with RAW patches (3.103) or EOM patches (3.51), or both

3.23
bitstream

ordered series of bits that forms the coded representation of the data

3.24
byte
sequence of

o] hifc, within urhirh, when written or read as a segquence of bit U::]nnc’ the left-mao

t and

right-most b

3.25
broken link
BLA access
access uniti

3.26
broken link

ts represent the most and least significant bits, respectively

access access unit
nit
h which the coded atlas (3.34) with nal_layer_id equal to 0 is a BLA codédyatlas (3.26)

access coded atlas

BLA coded 3tlas

IRAP coded d
LP, NAL_GBIL

Note 1 to ent

tlas (3.73) frame for which each ACL NAL unit (3.6) has nalcunit_type equal to NAL_BL
A_W_LP, NAL_BLA_W_RADL NAL_GBLA_W_RADL, NAL+BLEA_N_LP or NAL_GBLA_N_I

'y: A BLA coded atlas does not use inter prediction in.its’decoding process, and could be th

coded atlas ip the bitstream in decoding order, or could appearAdater in the bitstream. Each BLA coded

begins a new
coded atlas. |
coded atlas f1
it may have a
decoder and

bitstream. W
LP or NAL_GH
When a BLA

NAL_GBLA_W
access decodd
has nal_unit_
atlas frames.

3.27
byte-aligne
positioned a

3.28
byte-aligne

CAS, and has the same effect on the decoding progess as an instantaneous decoding refresh
[owever, a BLA coded atlas contains syntax elements that specify a non-empty DAB. When

ame for which each ACL NAL unit has nal_unijt, type equal to NAL_BLA_W_LP or NAL_GBLA |
5sociated random access skipped leading (RASL) coded atlas frames, which are not output

may not be decodable, as they may contain references to atlas frames that are not present
hen a BLA coded atlas frame for whichach ACL NAL unit has nal_unit_type equal to NAL_BI
LA_W_LP, it may also have associated|RADL coded atlas frames, which are specified to be de
roded atlas frame for which each(ACL NAL unit has nal_unit_type equal to NAL_BLA_W_RA
_RADL, it does not have associated RASL coded atlas frames but may have associated rg

fype equal to NAL_BLA_N_LP or NAL_GBLA_N_LP, it does not have any associated leading

il
5 an integer; multiple of 8 bits from the position of the first bit in the bitstream (3.23)

d pasition

A W_
Y P-

b first
atlas
(IDR)
h BLA
'W_LP,
by the
in the
A W_
oded.
DL or
ndom

ble leading (RADL) coded atlas’'frames. When a BLA coded atlas frame for which each ACL NAIL unit

coded

position in a

bitstream (3.23) that is byte-aligned (3.27)

3.29

byte-aligned byte
byte (3.24) that appears in a position in a bitstream (3.23) that is byte-aligned (3.27)

3.30

Cartesian coordinates
three scalars (x, y, z) with finite precision and dynamic range that indicate the location of a point relative
to a fixed reference point (the origin)

3.31

clean random access access unit
CRA access unit
access unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a CRA coded atlas (3.32)

© ISO/IEC 2021 - All rights re
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3.32

clean random access coded atlas

CRA coded atlas

IRAP coded atlas (3.73)for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_CRA or
NAL_GCRA

Note 1 to entry: A CRA coded atlas does not use inter prediction in its decoding process, and could be the first
coded atlas in the bitstream in decoding order, or could appear later in the bitstream. A CRA coded atlas could
have associated RADL or RASL coded atlas frames. When a CRA coded atlas has NoOutputBeforeRecoveryFlag
equal to 1, the associated RASL coded atlas frames are not output by the decoder, because they might not be
decodable, as they could contain references to coded atlas frames that are not present in the bitstream.

3.33
codef
specification, device, or system that specifies or uses well defined instructions for encoding or decoding
a digital data, i.e. image or video, stream or signal

3.34
codef atlas

codef atlas frame

coded representation of an atlas (3.4)

3.35
codefl atlas access unit
set of atlas NAL units (3.76) that are associated with each other according to a specified ¢lassification
rule, [are consecutive in decoding order, and contain @ll atlas NAL units (3.76) pertajning to one
partifular output time

3.36
codefl atlas sequence
CAS
sequénce of coded atlas access units (3.35);in decoding order, of an IRAP coded atlas acceds unit (3.74),
followed by zero or more coded atlas acgéss units (3.35) that are not IRAP coded atlas acces§ units (3.74),
includling all subsequent access units (3:35) up to but not including any subsequent coded atlas access
unit (B.35) that is an IRAP coded atlas-access unit (3.74)

3.37
codefl volumetric frame
colle¢tion of coded representations of an atlas (3.4), occupancy (3.83), geometry access unif (3.57), and,
for edch available attribute (3.15), attribute access unit (3.16), pertaining to one particular tfme instance

3.38
codefl V3C sequence
CVS
sequénce©f\V3C sub-bitstreams (3.133) identified and separated by appropriate delimiters, required to
startwitha VPS (3.134), included in at least one V3C unit (3.135) or prov1ded through external means,

d At oing A mera V20 1ottt ~on bn Fo b d do b o 17D s oddr o 10y (212 h th
an C IITtAarTIrS UIIT Ul ITIUT UV JIJU UITItY LIIdl LdIir v 1daltilurctu Iritu vou bUIlll.IUJllalUll Mlllbo LJ 2 L) W ere e

first V3C composition unit is a V3C IRAP composition unit (3.132)

3.39
coded representation
data element as represented in its coded form

3.40

coded sub-bitstream sequence

sub-bitstream IRAP composition unit (3.110) followed by zero or more sub-bitstream composition
units (3.109)

3.41
coded V3C component
coded representation of a V3C component (3.129)

© ISO/IEC 2021 - All rights reserved 5
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bitstream

bitstream (3.23) representing a V3C component (3.129)

3.43
component

sub-bitstream

portion of component bitstream (3.42)

3.44

composition time
time or time period at which a frame needs to be composed, used for reconstruction, or presented

3.45

index to an d

3.46

compositio]\ time index

rdered list of composition times (3.44)

composition unit

partition of

3.47
decoder un
DUT
decoder that
to deliver a
comparing t

3.48

W bitstream (3.23) that has a certain composition time (3.44)

Her test

is tested for conformance to this document by operating the’hypothetical stream sche
onforming bitstream (3.23) to the decoder and to thechypothetical reference decode
ne values and timing or order of the output of the twg decoders

decoding unit

sub-set of a d
unit (3.35) a

3.49
enhanced o
EOM
patch coding

3.50

EOM coded
coded repre
values are st
are stored i

3.51
EOM patch
patch (3.85)

oded atlas access unit (3.35) consisting of pne or more ACL NAL units in a coded atlas d
hd the associated non-ACL NAL units (3.2)

ccupancy mode

mode where a patch (3.85)is"associated with enhanced occupancy information

points

sentation of 3D points located at intermediate depth positions for which geometry (

ored as codewords in the occupancy frame (3.84) and their corresponding attributes v
additional patches, referred to as EOM patches (3.51), in the attribute frames (3.17)

with”patch mode (3.87) equal to I_EOM, P_EOM, or P_SKIP associated with EOM

duler
r and

cecess

3.56)
alues

roded

points (3.50
3.52

EOM patch type
patch type (3.88) indicating an EOM patch (3.51)

3.53

essential supplemental enhancement information

ESEI

SEI (3.117) that is deemed as essential by the decoding process and should not be ignored or discarded
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3.54

essential supplemental enhancement information NAL unit

ESEI NAL unit

NAL unit (3.76) corresponding to an ESEI (3.53) and has nal_unit_type equal to NAL_PREFIX_ESEI or
NAL_SUFFIX_ESEI

3.55
flag
variable or single-bit syntax element that can take one of the two possible values: 0 and 1

3.56
geornnl'ry
set of Cartesian coordinates (3.30) associated with a volumetric frame (3.138)

3.57

geonjetry access unit
colleg¢tion of geometry maps (3.59) and auxiliary geometry frames, if present,) correspopding to the
same|time instance

3.58
geonjetry frame
2D afrray created through the aggregation of the geometry (3.56) information associatgd with each
patcH (3.85)

3.59
geonjetry map
geometry frame (3.58) containing geometry patch (3.85)information projected at a particylar depth

3.60

global broken link access access unit
GBLA access unit

accegs unit in which the coded atlas (3.34).with nal_layer_id equal to 0 is a GBLA coded atlak (3.61)

3.61

glob3gl broken link access coded atlas
GBLA coded atlas

IRAP|coded atlas (3.73) frame for which each ACL NAL unit (3.6) has nal_unit_type edqual to NAL_
GBLA_W_LP, NAL_GBLA_W:RADL, or NAL_GBLA_N_LP respectively

3.62

glob3l clean random access access unit
GCRA access unit

access unit inwhich the coded atlas (3.34) with nal_layer_id equal to 0 is a GCRA coded atlaf (3.63)

3.63

glob3l ¢lean random access coded atlas
GCRA-coded atlas

IRAP coded atlas (3.73) frame for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_GCRA

3.64

global instantaneous decoding refresh access unit

GIDR access unit

access unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a GIDR coded atlas (3.65)

3.65

global instantaneous decoding refresh coded atlas access unit

GIDR-coded atlas

coded atlas (3.34) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_GIDR_W_RADL,
NAL_GBLA_N_LP, or NAL_GCRA, or in the range of NAL_GBLA_W_LP to NAL_GBLA_N_LP, inclusive, and
specify a random access association between the current coded atlas and its corresponding coded video
frames at the same composition time
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3.66

global intra random access point coded atlas

GIRAP coded atlas

IRAP coded atlas (3.73) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_GIDR_W_RADL,
NAL_GBLA_N_LP, or NAL_GCRA, or in the range of NAL_GBLA_W_LP to NAL_GBLA_N_LP, inclusive, and
specify a random access association between the current coded atlas and the corresponding coded
video frames at the same composition time

3.67

hypothetical reference decoder

HRD

hypotheticaldecoder modetthatspeciftes constraintsomthevartabitity of conformimgattas VAL unit
(3.76) strearps or conforming coded atlas (3.34) sample streams that an encoding process can/produce

3.68
hypotheticgl stream scheduler
HSS
hypothetical delivery mechanism used for checking the conformance of an atlas sub-bitstream (3.13) or
a decoder with regards to the timing and data flow of the input of an atlas sub-bitistream (3.13) into the
hypotheticallreference decoder (3.67)

3.69
instantanequs decoding refresh coded atlas access unit

IDR coded 4tlas access unit

access unit in which the coded atlas (3.34) with nal_layer_id equal to’0 is an IDR coded atlas (3.70)

3.70
instantanequs decoding refresh coded atlas
IDR coded dtlas

IRAP coded dtlas (3.73) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_IDR_W_RADL,
or NAL_IDR|N_LP, NAL_GIDR_W_RADL, or NAL_GIDR_N_LP

Note 1 to enffry: An IDR coded atlas does not reférto any atlases other than itself for inter prediction|in its
decoding profess, and may be the first atlas in, the bitstream in decoding order, or may appear later |n the
bitstream. Each IDR coded atlas is the first.atlas of a CAS in decoding order. When an IDR coded atlas for which
each ACL NAl} unit has nal_unit_type equalito NAL_IDR_W_RADL or NAL_GIDR_W_RADL, it may have assofiated
RADL coded ptlases. When an IDR coded atlas for which each ACL NAL unit has nal_unit_type equal to|NAL_
IDR_N_LP or NAL_GIDR_N_LP, it does not have any associated leading coded atlases. An IDR coded atlas dos not
have associatpd RASL coded atlases}

3.71
inter atlas tjile
atlas tile thaf can be decoded using both intra or inter prediction methods

3.72

intra atlas tile
atlas tile thatisdecoded using nn]y intra prpdir‘ﬁnn methaods

3.73

intra random access point coded atlas

IRAP coded atlas

IRAP coded atlas frame

coded atlas (3.34) for which each ACL NAL unit (3.6) has nal_unit_type in the range of NAL_BLA_W_LP to
NAL_RSV_IRAP_ACL_29, inclusive

Note 1 to entry: An IRAP coded atlas does not refer to any coded atlases other than itself for prediction in its
decoding process, and may be a BLA coded atlas, a CRA coded atlas, or an IDR coded atlas. Provided the necessary
parameter sets are available when they need to be activated, the IRAP coded atlas and all subsequent non-RASL
coded atlas in decoding order can be correctly decoded without performing the decoding process of any coded
atlases that precede the IRAP coded atlas in decoding order.
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intra random access point coded atlas access unit
IRAP coded atlas access unit
access unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a IRAP coded atlas (3.73)

3.75

multi-component collection of V3C sub-bitstreams
V3C sub-bitstreams (3.133) of multiple V3C components (3.129) that, when decoded, enable the
reconstruction of volumetric content

3.76

network abstraction lnynr unit

NAL
syntd
data

3.77

network abstraction layer unit stream

NAL
sequeé

3.78
non-
NAL 1

3.79

non-auxiliary video component

regu
video
VPS (|

3.80

non-auxiliary video sub-bitstream

regu
video
VPS (|

3.81
non-
NSEI

SEI (3.117) that is.deemed as non-essential by the decoding process and may be ignored

-5:2021(E)

hinit
x structure containing an indication of the type of data to follow and bytes (3.24) leo1
n the form of an RBSP (3.100)

1Init stream
nce of NAL units (3.76)

ACL NAL unit
nit (3.76) that is not an ACL NAL unit (3.6).

ar video component
component (3.125) indicated as being of rign*auxiliary type through an appropriat
3.134)

ar video sub-bitstream
sub-bitstream (3.127) indicated as being of non-auxiliary type through an appropria
3.134)

bssential supplemental enhancement information

withgut any adyerse effects

3.82
non-
NSEI

pssential supplemental enhancement information NAL unit
NAL-unit

itaining that

e flag in the

te flag in the

br discarded

NAL

- £ 7 Y 1. AMNCLIL (2 _O40) 11 1 . 1 MNAL PP
Uriit (o./90j) COITeSpoONnuliliyg to d INOLT (2.01) dIIU T14aS TIdI_UIIIL_ty pe cudl L0 NAL_IR

NAL_SUFFIX_NSEI

3.83

occupancy
values that indicate whether atlas samples (3.10) correspond to associated samples in 3D space

3.84

occupancy frame
collection of occupancy (3.83) values that constitute a 2D array and represents the entire occupancy
(3.83) information of a single atlas frame (3.8)

3.85

patch
rectangular region within an atlas (3.4) associated with volumetric information

© ISO/IEC 2021 - All rights reserved

FIX_NSEI or


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23

3.86
patch data
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data in an atlas (3.4) associated with a patch (3.85) that enables the conversion of 2D projected data
back to 3D space

3.87
patch mode

syntax element (3.119) in the atlas bitstream (3.5) that indicates how a patch (3.85) is defined and
associated with other V3C components (3.129) and provides information of how to reconstruct such V3C
components (3.129)

3.88

patch type

classificatiof of patch modes (3.87) based on how the characteristics of a patch (3.85) are signalle

interpreted

3.89
prefix ESEI
essential SEI

3.90
prefix NSEI
non-essentia

391

NAL unit
INAL unit (3.54) that has nal_unit_type equal to NAL_PREFIX_ESEI

NAL unit
SEI NAL unit (3.82) that has nal_unit_type equal to NAL_PREFIX_NSEI

prefix SEI njessage

SEI (3.117)

3.92
prefix SEI N
SEI NAL unit

3.93

projected p
patch (3.85)
associated w

3.94
projected p
patch type (

nessage that is contained in a prefix NSEI NAL unit(3.90) or prefix ESEI NAL unit (3.89)

AL unit
(3.118) that has nal_unit_type equal tosNAL_PREFIX_NSEI or NAL_PREFIX_ESEI

atch
with patch mode (3.87) equalte |_INTRA, P_INTRA, P_INTER, P_MERGE, or P_SKIP t
ith projected information ento a 2D image

atch type
8.88) indicating a’projected patch (3.93)

3.95
random acc
the act of st
the stream

ess
hrting the)decoding process for a bitstream (3.23) at a point other than the beginn

3.96

d and

hat is

ng of

random acc

ess decodable leading access unit

RADL access unit
access unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a RADL coded atlas (3.97)

3.97
random acc

ess decodable leading coded atlas

RADL coded atlas

coded atlas (3.34) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_RADL_R or
NAL_RADL_N

Note 1 to entry: All RADL coded atlases are leading coded atlas. RADL coded atlases are not used as reference
atlases for the decoding process of trailing coded atlases of the same associated IRAP coded atlas. When present, all
RADL coded atlases precede, in decoding order, all trailing coded atlases of the same associated IRAP coded atlas.
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random access skipped leading access unit
RASL access unit
access unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a RASL coded atlas (3.99)

3.99

random access skipped leading coded atlas
RASL coded atlas
coded atlas (3.34) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_RASL_R or

NAL_

raw

RBSH
syntd|
(3.76
(3.11

RASL_N

pyte sequence payload

x structure (3.120) containing an integer number of bytes (3.24) that is encapsulated
) and that is either empty or has the form of a string of data-bits (3.107) containing syn
D) followed by an RBSP stop bit (3.101) and zero or more subsequent bits equal to 0

3.101

raw byte sequence payload stop bit

RBSE
bit ed

which the location of the end within an RBSP (3:100) can be identified by searching from t

RBSP|

3.10?
RAW|
codeq
corre
(3.59
store
auxill

3.104
RAW
patch
point

3.104

stop bit
ual to 1 present within a raw byte sequence-payload (3.100) after a string of data bit

(3.100) for the for the last non-zero bitsin'the RBSP (3.100)

coded point

representation (3.39) of a 3Dpoint for which its geometry (3.56) value is directly s
sponding region of a RAW patch (3.103) in either the first component of the first g
) or the auxiliary geometry.frame (3.20), and for which its attribute values, if present
d in the corresponding region of a RAW patch (3.103) in either first attribute map
ary attribute framey(3:19), without any form of projection

patch
(3.85) with patch mode (3.87) equal to I_RAW, P_RAW, or P_SKIP associated with
5 (3.102)

|

-5:2021(E)

d atlas. When
is not output
bs that are not
focess of non-
ded atlases of

in a NAL unit
tax elements

5 (3.107), for
he end of the

tored in the
pometry map
are directly
[3.18) or the

RAW coded

RAW

natch tvne

aTeIr Ty

p e
patch type (3.88) indicating a RAW patch (3.103)

3.105

step-

wise temporal sub-layer access access unit

STSA access unit
access unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a STSA coded atlas (3.106)

3.106

step-

wise temporal sub-layer access coded atlas

STSA coded atlas
coded atlas (3.34) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_STSA_R or

NAL_

STSA_N
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3.107

string of data bits

SODB

sequence of some number of bits representing syntax elements (3.119) present within a raw byte
sequence payload (3.100) prior to the raw byte sequence payload stop bit (3.101), where the left-most bit
is considered to be the first and most significant bit, and the right-most bit is considered to be the last
and least significant bit

3.108
sub-bitstream
portion of a bitstream (3.23)

3.109
sub-bitstream composition unit
partition of & sub-bitstream (3.108) that has a certain composition time

3.110
sub-bitstream IRAP composition unit
sub-bitstream composition unit (3.109) that forms an independent random access point for the¢ sub-
bitstream (3]108)

3.111

sub-layer
temporal scalable layer of a temporal scalable atlas sub-bitstream {3:13), consisting of ACL NAL|units
(3.6) with a particular value of the Temporalld variable and the associated non-ACL NAL units (3.7B)

3.112
sub-layer ngn-reference atlas frame
SLNR atlas frame

atlas frames|(3.8) that contains patches (3.85) that canhot be used for inter prediction in the decpding
process of subsequent atlas frames (3.8) of the same‘sub-layer in decoding order

3.113
suffix ESEI NAL unit
ESEI NAL (3.54) unit that has nal_unit_type‘equal to NAL_SUFFIX_ESEI

3.114
suffix NSEI NAL unit
NSEI NAL unjt (3.82) that has nal \unit_type equal to NAL_SUFFIX_NSEI

3.115
suffix SEI message
SEI (3.117) njessage thatis contained in either a suffix NSEI NAL unit (3.114) or a suffix ESEI NAL unit (3.113)

3.116

suffix SEI NAK unit
SEI NAL unitl(3:18) that has nal-unittype equal to NAL_SUEEIX NSEl or NAL_SUEEIX ESEI

3.117

supplemental enhancement information

SEI

information that can be inserted into the bitstream (3.23) for various purposes such as indicating
bitstream (3.23) properties or for specifying various constraints that can apply to the bitstream (3.23)

3.118

supplemental enhancement information NAL unit

SEI NAL unit

NAL unit (3.76), intended for providing supplemental enhancement information (3.117) that has nal_unit_
type equal to NAL_PREFIX_NSEI, NAL_PREFIX_ESEI, NAL_SUFFIX_NSEI, or NAL_SUFFIX_ESEI
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3.119
syntax element
element of data represented in the bitstream (3.23)

3.120
syntax structure
zero or more syntax elements (3.119) present together in the bitstream (3.23) in a specified order

3.121
temporal sub-layer access access unit
TSA access unit

$(3.122)

NAL_TSA_N

vide¢ data unit
syntdjx structure (3.120) containing videg/data information, such as a NAL unit (3.76)

Note ] to entry: In the context of ISO/IEC23008-2 or ISO/IEC 14496-10.

3.127
vide¢ sub-bitstream
extrdcted sub-bitstreamy(3.108) from the V3C bitstream (3.128) containing a part of a video
bitstream (3.136)

3.12
visu%l volumetric video-based coding bitstream
V3C bitstream

sequénce of -bits that forms the representation of coded volumetric frames (3.37) and associated data
forming’one or more CVSs (3.38)

3.12

visual volumetric video-based coding component

V3C component

atlas (3.4), occupancy (3.83), geometry (3.56), or attribute (3.15) of a particular type that is associated
with a V3C volumetric content representation

3.130

visual volumetric video-based coding component frame

V3C component frame

single V3C component (3.129) pertaining to one particular output time
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3.131

visual volumetric video-based coding composition unit

V3C composition unit

set of all sub-bitstream composition units (3.109) that share the same composition time (3.44), where one
of the sub-bitstream composition units (3.109) is a coded atlas access unit (3.35)

3.132

visual volumetric video-based coding IRAP composition unit
V3CIRAP composition unit

V3C composition unit (3.131) for which all sub-bitstream composition units (3.109) are sub-bitsteam
IRAP composition units (3.110), where one of the sub-bitstream composition units (3.109) is a coded atlas
access unit (335} forwhicheach ACENALE ot (36 Tas mat—umittype i the range of NAE-GBEATW_LP
to NAL_GBLA_N_LP, or is in the range of NAL_GIDR_W_RADL to NAL_GIDR_N_LP, or is equalyto [NAL_
GCRA, inclugive

3.133
visual volumetric video-based coding sub-bitstream

V3C sub-bitstream

sub-bitstream (3.108) of a V3C bitstream (3.128) corresponding to a V3C componént{3.129)

3.134
visual volumetric video-based coding parameter set
V3C paramg¢ter set

VPS
syntax strucfure (3.120) containing syntax elements (3.119) that apply to zero or more entire CVSs (|3.38)
and may be teferred to by syntax elements (3.119) found in the(V3C unit header (3.136)

3.135
visual volumetric video-based coding unit
V3C unit
syntax strucfure (3.120) containing a V3C unit header{3.136) and a V3C unit payload (3.137)

3.136
visual volumetric video-based coding unit header

V3C unit hepder

syntax strucgure (3.120) containing an'ihdication of the type of data to follow

3.137
visual volumetric video-based-coding unit payload

V3C unit payload

syntax strucfure (3.120) containing the bytes (3.24) containing V3C sub-bitstream (3.133) data

3.138
volumetric frame
set of 3D points specified by their Cartesian coordinates (3.30) and zero or more corresponding sgts of
attributes (3|14}t a particular time instance

3.139
volumetric sequence
sequence of volumetric frames (3.138)

3.140

point

<video-based point cloud coding> data specified by single set of Cartesian coordinates (3.30) and zero
or more corresponding attributes (3.14)

3.141

point cloud

point cloud frame

<video-based point cloud coding> set of points (3.140) at a particular time instance
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3.142
point cloud sequence
<video-based point cloud coding> sequence of point cloud frames (3.141)

4 Abbreviated terms

1D one-dimensional

2D two-dimensional

3D three—dimenstonat

4D four-dimensional

5D five-dimensional

6D six-dimensional

7D seven-dimensional

ACL atlas coding layer

AAPS atlas adaptation parameter set
AFPS atlas frame parameter set
ASPS atlas sequence parameter set
AU access unit

BLA broken link access

CAB coded atlas buffer

CRA clean random acgess

DAB decoded atlasybuffer

HSS hypothetical stream scheduler
| intra

IDR instantaneous decoding refresh
IRAP intra random access point

LSB least significant bit

MSB most significant bit

NAL network abstraction layer

p predictive

PBF patch border filtering

PCC point cloud compression

PLR point local reconstruction
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RAFL reference atlas frame list

RBSP raw byte sequence payload

SODB string of data bits

V3C visual volumetric video-based coding
V-PCC video-based point cloud compression

5 Conventions

5.1 General
NOTE THe mathematical operators used in this document are similar to those used in the .G-programming
language. Hoyever, the results of integer division and arithmetic shift operations are defined more pr;}isely,
and additiondl operations are defined, such as exponentiation and real-valued division. Numbering and coynting
conventions generally begin from 0.
5.2 Arithmetic operators
+ addition
- subtraction (as a two-argument operator) or negatien (as a unary prefix operator)
* multiplication, including matrix multiplication
exponentiation
XY Specifies x to the power of y. In other contexts, such notation is used for superscripting

not intended for interpretation as exponentiation.

/ integer division with truncation of the result toward zero
For example, 7 / 4 and -7 / —-4<are truncated to 1 and -7 / 4 and 7 / —4 are truncated fo -1.

+ division in mathematical*¢quations where no truncation or rounding is intended

division in mathematical equations where no truncation or rounding is intended

(i) summationseff( i ) with i taking all integer values from x up to and including y

wk: <>

i=x
modulus

0
x%y Remainder of x divided by y, defined only for integers x and y with x >= 0 and y > 0.

5.3 Logical operators

X &&y Boolean logical "and" of x and y
x|y Boolean logical "or" of x and y
! Boolean logical "not"

x?y:z if x is TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to
the value of z
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5.4 Relational operators

greater than

greater than or equal to
less than

less than or equal to

equal to

-5:2021(E)

X>>Yy

not equal to

Bit-wise operators

bit-wise "not"
When operating on integer arguments, operates on a tWw0's complement
tion of the integer value. When operating on a binary argument that cor

representa-
1itains fewer

bits than another argument, the shorter argumentis-extended by addinfg more

significant bits equal to 0.

bit-wise "and"
When operating on integer arguments, operates on a two's complement
tion of the integer value. When operating on a binary argument that cof

representa-
1itains fewer

bits than another argument, the shorter argument is extended by addinfg more

significant bits equal to 0.

bit-wise "or"
When operating on integerdrguments, operates on a two's complement
tion of the integer valué:When operating on a binary argument that cof

representa-
itains fewer

bits than another argtiiment, the shorter argument is extended by addinfg more

significant bits equal to 0.

bit-wise "exclusive or"
When opérating on integer arguments, operates on a two's complement]
tion of the integer value. When operating on a binary argument that cor

representa-
1itains fewer

bits thah another argument, the shorter argument is extended by adding more

sighificant bits equal to 0.

arithmetic right shift of a two's complement integer representation of x
digits

by y binary

This function is defined only for non-negative integer values of y. Bits shifted into

the MSBs as a result of the right shift have a value equal to the MSB of x

prior to the

shift operation.

X<<y

arithmetic left shift of a two's complement integer representation of x by y binary

digits

This function is defined only for non-negative integer values of y. Bits shifted into

the LSBs as a result of the left shift have a value equal to 0.
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5.6 Assignment operators

assignment operator

increment, i.e. x++ is equivalent to x = x + 1; when used in an array index, evaluates to
the value of the variable prior to the increment operation

decrement, i.e. x—— is equivalent to x = x — 1; when used in an array index, evaluates to
the value of the variable prior to the decrement operation.

increment by amount specified, i.e. x += 3 is equivalent to x = x + 3, and x += (-3) is

- 1 L)
CUUIVAICIIL LU X = X 7T (7o)

equivalent to x =x - (-3)

5.7 Other operators

range operator/notation

5.8 Matheématical functions

18

This function is defined only for integer values of y and z. When z is larger than pr
equal to y, it defines an ordered set of values from y to zinincrements of 1. Othejr-
wise, when z is smaller than y, the output of this functien is an empty set. If this pper-
ator is used within the context of a loop, it specifies that any subsequent operatipns

defined are performed using each element of this@et, unless this set is empty.

decrement by amount specified, i.e. x —= 3 is equivalent to x = x — 3, and X 5= (}-3) is

x ; x>=0
Abs(x) = { (@8]
-x ; x<0
Ceil( x) the smallest integer greater than orequal to x. (2)
X Z<X
Clip3(x,ly,z) =4y ; Z>Y (3)
z ; otherwise
Floor( x ) the largest integer less than or equal to x. 4)
Log2( x ) the base-2logarithm of x. (5)
Logl10( x|) the-base-10 logarithm of x. 6)
X ; X>=y
Max(x,y) = (7)
y 5 X<y
Mean( A ) the arithmetic average value of the input array A. (8)
Median( A ) the median value of the input array A. 9)
X ; X<=y
Min(x,y) = (10
y 5 x>y
Round( x ) = Sign( x ) * Floor( Abs(x) +0.5) (11)
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1 ; x>0
Sign(x)=< 0 ; x=0 (12)
-1 ; x<0
Sort( A) the sorted version of the input array A in increasing order. (13)
Sqrt( x ) the square root of x. (14)

5.9 Order of operation precedence

WhEIIl order of precedence in an expression is not indicated explicitly by use of parentheses, the

following rules apply:

(Jperations of a higher precedence are evaluated before any operation of a lower precedence.

(perations of the same precedence are evaluated sequentially from left'to Tight.

Tablel 1 specifies the precedence of operations from highest to lowest;,a higher position| in the table

indicates a higher precedence.

NOTE For those operators that are also used in the C programminglanguage, the order of prgcedence used

in thi§ document is the same as used in the C programming language:

Tapble 1 — Operation precedence from highest (attop of table) to lowest (at botton of table)

operations (with operands x, y-and z)

x++", "X

"Ix","-x" (as a unary prefixOperator)

xY

N, sk (00 1 nmon "y n

X y‘ X/y, X+y, E”,”X%y"
y

"x +y", "x=y" (as a two-argument operator), " E f(i)"

"X<<y, X>>y"

"<y, "x<=y", "x>y", "x>=y

"X ==y } X!=y||

IIX & yn

"X | yll
"X &&y"

! 1l
ATy
"X?y:Z"

IIX"yll

"X=y, X+=y, X_=yu

5.10 Variables, syntax elements and tables

Syntax elements in the bitstream are represented in bold type. Each syntax element is described by its
name (all lower case letters with underscore characters), and one descriptor for its method of coded
representation. The decoding process behaves according to the value of the syntax element and to the
values of previously decoded syntax elements. When a value of a syntax element is used in the syntax
tables or the text, it appears in regular (i.e. not bold) type.
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In some cases the syntax tables may use the values of other variables derived from syntax elements
values. Such variables appear in the syntax tables, or text, named by a mixture of lower case and upper
case letter and without any underscore characters. Variables starting with an upper case letter are
derived for the decoding of the current syntax structure and all depending syntax structures. Variables
starting with an upper case letter may be used in the decoding process for later syntax structures
without mentioning the originating syntax structure of the variable. Variables starting with a lower
case letter are only used within the subclause in which they are derived.

In some cases, "mnemonic” names for syntax element values or variable values are used interchangeably
with their numerical values. Sometimes "mnemonic" names are used without any associated numerical
values. The association of values and names is specified in the text. The names are constructed from

one or morefgroupsof fettersseparated-by amumderscorecharacter—Eachgroupstartswithamypper

case letter ahd may contain more upper case letters.

NOTE1 THe syntaxis described in a manner that closely follows the C-language syntactic construets.

Functions that specify properties of the current position in the bitstream are referred to as syntax

functions. T
pointer with
bitstream. S
names and

definition) o

Functions th
are describd
upper case I
Zero or mor

one variable).

A one-dimer
Arrays can ¢
indexing of
(vertical) in
order is use
x and vertic
be referred
horizontal p

NOTE2 In
for depicting
index and the

A specificati
where each
column ordg

{{1}{6}{

hese functions are specified in subclause 8.2 and assume the existénce of a bitst
an indication of the position of the next bit to be read by the decoding process froi
yntax functions are described by their names, which are constructed as syntax ele
end with left and right round parentheses including zero or‘dnore variable name
' values (for usage), separated by commas (if more than onevariable).

at are not syntax functions (including mathematical functions specified in subclaus
d by their names, which start with an upper case letter, contain a mixture of lowe]
btters without any underscore character, and end with left and right parentheses incl
e variable names (for definition) or values (for vsage) separated by commas (if more

jsional array is referred to as a list. A two-dimensional array is referred to as a m
ither be syntax elements or variables."Subscripts or square parentheses are used f(
irrays. In reference to a visual depigtion of a matrix, the first subscript is used as
lex and the second subscript is uséd as a column (horizontal) index. The same ind
d when using square parentheses. Thus, an element of a matrix s at horizontal po
al position y may be denoted either as s[ y ][ x ] or as s,. A single row of a matriy
Lo as a list and denoted by~omission of the column index. Thus, the row of a matri
bsition x may be referred.to as the lists[y ].

some video specifications a reverse indexing order can be used when using square paren
fwo dimensional-arrays, i.e. the first element in the square parentheses is the column (horiz
second element in'the square parentheses is the row (vertical) index.

pon of valueSof the entries in rows and columns of an array may be denoted by { {...}
inner_pair of brackets specifies the values of the elements within a row in incre

4349 } } specifies thats[ 0 ][ 0 ] issetequal to 1,s[ 0 ][ 1 ] issetequal to 6,s[ 1 ][ 0]

ream
n the
ment
5 (for

p 5.8)
r and
iding
than

atrix.
r the
i TOW
exing
sition
may
X S at

khesis
bntal)

{3 b

asing

r and;the rows are ordered in increasing row order. Thus, setting a matrix s equal to

is set

equal to 4, a

S T o
s T issetequatto9:

The symbol "x" is used to separate the individual dimensions of an array in this document. For example,
a 3D array, array3D, having elements array3D[ z ][ y ][ x |, with z being in the range of 0 to ( Dim, - 1),
inclusive, y in the range of 0 to ( Dim; - 1), inclusive, and x in the range of 0 to ( Dim, - 1), inclusive, can
also be referred to as being of size Dim; x Dim; x Dim,.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For example,
'01000001' represents an eight-bit string having only its second and its last bits (counted from the most
to the least significant bit) equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of
binary notation when the number of bits is an integer multiple of 4. For example, 0x41 represents an
eight-bit string having only its second and its last bits (counted from the most to the least significant
bit) equal to 1.
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Numerical values not enclosed in single quotes and not prefixed by "0x" are decimal values.

A value equal to 0 represents a FALSE condition in a test statement. The value TRUE is represented by

any v

5.11

alue different from zero.

Text description of logical operations

In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition 0 )
statement 0

may |

—
Each

] Y adatioas 10
crsCTICcoTaTTroTT 1

statement 1

else /* informative remark on remaining condition */
statement n

pe described in the following manner:
... as follows / ... the following applies:
F condition 0, statement 0

therwise, if condition 1, statement 1

therwise (informative remark on remaining condition), statement n

"If ... Otherwise, if ... Otherwise, ..." statemeént in the text is introduced with "... as fq

the following applies" immediately followed by"If ... ". The last condition of the "If ... Ot

Othel
canb

In the

may |

wise, ..." is always an "Otherwise, ..."..Interleaved "If ... Otherwise, if ... Otherwise, ...
e identified by matching "... as follows* or "... the following applies” with the ending "O

text, a statement of logical operations as would be described mathematically in the fol

if( condition Oa && condition 0b )
statement 0

else if( condition 1a || condition 1b )
statement 1

else
statemient n

pe described in the following manner:

llows" or "...
herwise, if ...
' statements
therwise, ...".

lowing form:

% as follows / ... the following applies:

— If all of the following conditions are true, statement 0:

— condition Oa

— condition Ob

— Otherwise, if one or more of the following conditions are true, statement 1:

— condition 1a

— condition 1b

— Otherwise, statement n
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In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition 0 )

statement 0

if( condition 1)

statement 1

may be described in the following manner:

Wh
Wh

en condition 0, statement 0

en condition 1, statement 1

In addition, 4

The “contind

next iteration. This results in skipping the execution of subsequent statements inside theé body

loop for the

fon

}

is equivalent

fon

5.12 Proce

Processes af
and invoking
and depend
specificatior
has explicitl
lower case v

h “continue” statement, which is used within loops, is defined as follows:

e” statement, when encountered inside a loop, jumps to the beginning of the loop f¢

urrent iteration. For example:

(j=0;j<N;j++){

statement 0

if( condition 1)
continue

statement 1

statement 2

to the following:

(j=0;j<N;j++){
statement 0
if( !condition 1) {
statement 1
statement 2

SSeS

e used to describethe decoding of syntax elements. A process has a separate specifig
. All syntax elements and upper case variables that pertain to the current syntax stru
ng syntax structures are available in the process specification and invoking. A pr
may alsohave a lower case variable explicitly specified as input. Each process specifid
i specified an output. The output is a variable that can either be an upper case variabl
hriable:

r the

bf the

ation
cture
0cess
ation

e ora

When invok

ng.-a process, the assignment of variables is Qpp(‘iﬁpd as follows:

are explicitly assigned to lower case input or output variables of the process specification.

assignm

ent is implied.

Ifthe variables atthe invoking and the process specification do not have the same name, the variables

Otherwise (the variables at the invoking and the process specification have the same name),

In the specification of a process, a specific coding block may be referred to by the variable name having

avalue equa

22

1 to the address of the specific coding block.
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6 Overall V3C characteristics, decoding operations and post-decoding processes

6.1 V3C characteristics

This document enables the encoding and decoding processes of a variety of volumetric media by using
video and image coding technologies. This is achieved through firsta conversion of such media from their
corresponding 3D representation to multiple 2D representations, also referred to as V3C components
in this document, before coding such information. Such representations include, in this edition of this
document, the occupancy, geometry and attribute components. The occupancy component can inform a
V3C decoding or rendering system, or both, of which samples in the 2D components are associated with
data in the final 3D representation. The geometry component contains information about the precise
locat]on of 3D data in space, while attribute components can provide additional propertied, e.g. texture
or m3terial information, of such 3D data. An example is shown in Figure 1.

o Atlas L 401100...
[Information

> Occupancy

-"| Volumetric — V3C
Capture | Projection | — bitstream
> Geontetry " —
e
L Attribute > ! a\—
@
Atlas
>Information| » 101100... —
=% Occupancy
V3C L N 3D
bitstfeam Reconstruction|

> Geometry > ' —

= ATTrIbute > p

(b)

NOTE1 The 3D media is converted to a series of 2D representations: occupancy, geometry and attributes.
Additional atlas information is also included in the bitstream to enable inverse reconstruction.

Figure 1 — Volumetric media conversion at (a) encoder and reconstruction at (b) decoder side

Additional information that allows associating all these subcomponents and enables the inverse
reconstruction, from a 2D representation back to a 3D representation is also included in a special
component, referred to in this document as the atlas. An atlas consists of multiple elements, named
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as patches. Each patch identifies a region in all available 2D components and contains information
necessary to perform the appropriate inverse projection of this region back to the 3D space. The shape
of such regions is determined through a 2D bounding box associated with each patch as well as their
coding order. The shape of these regions is also further refined after the consideration of the occupancy
information.

Atlases are partitioned into patch packing blocks of equal size, as defined in subclause 8.4.6.1.1. The 2D
bounding boxes of patches, as defined in subclause 9.2.5, and their coding order determine the mapping
between the blocks of the atlas image and the patch indices. Figure 2 shows an example of block to patch
mapping with 4 projected patches onto an atlas when asps_patch_precedence_order_flag is equal to 0.
Projected points are represented with dark grey. The area that does not contain any projected points
is representg it ; i T fres: mber
inside each patch packing block represents the patch index of the patch to which it is mapped.

asps_frame_width

< >
< >

0 /O,__
vatchldx

OQO

0
=0
\/0 hidk=3 |\ |
patchl
A W
2
——
2
1

W,

Y

g
[Z]Asodpzydredseny

asps_frame_height
[z]x9zISpZYdIRdSERY

T
A
1
=
[
[N
A1
[
=
1
[N

azISyd0[g3uneddIed

————————l

<

>
L

AtlasPatch2dPosX][2] AtlasPatch2dSizeX[2]

v

Figure 2 — An example of block to patch mapping

In this document, axes orientations are specified for internal operations. For instance, the origin of
the atlas coordinates is located on the top-left corner of the atlas frame. For the reconstruction step,
an intermediate axes definition for a local 3D patch coordinate system is used. The 3D local patch
coordinate system is then converted to the final target 3D coordinate system using appropriate
transformation steps.

NOTE 2  In some instances the transformation steps to convert from the local 3D patch coordinate system to
the target 3D coordinate system are specified in this document.

Figure 3(a) shows an example of a single patch packed onto an atlas image. This patch is then converted
to a local 3D patch coordinate system (U, V, D) defined by the projection plane with origin 0’, tangent
(U), bi-tangent (V), and normal (D) axes. For an orthographic projection, the projection plane is equal to
the sides of an axis-aligned 3D bounding box, as shown in Figure 3(b). The location of the bounding box
in the 3D model coordinate system, defined by a left-handed system with axes (X, Y, Z), can be obtained
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by adding offsets TilePatch3dOffsetU, TilePatch3DOffsetV, and TilePatch3DOffsetD, as illustrated in
Figure 3(c).

asps_frame_width

)

09

X)
ATLAS
%D (AtlasPatch2dPosX, AtlasPatch2dPosY)
i N
<, r 5
o I 2
g — | e T - &
o = =
& SOOI SO =
S N Y - Do
& L e =
@ R : Z
< » :'e
AtlasPatch2dSizeX
~—
@
bitangent axis (V) Y
| Patch3D Patch
AO(S\ bounding box bounding box
*Qzé‘\ d
Q‘O\ i
I K :3:‘\ \
| normal axis (D) TilePatch3dOffsetU 2| TilePatch3dOffsetD. )L
J TilePatch3dOffsetV 0[0'0’0] 4 (
OF
/4
tangentaxis (U) Z
(b) ()
Fig re3 — Fvamplp of (a) an atlas coordinate. system, (h) alocal 3D pah‘h coordinate system

and (c) final target 3D coordinate system

6.2 V3C bitstream characteristics, decoding operations and post-decoding processes

This subclause provides high-level description of the characteristics and the operations needed for
the decoding of V3C bitstreams and optional post-decoding processes needed by applications, which
may include nominal format conversion, pre-reconstruction, reconstruction, post-reconstruction and
adaptation.

As mentioned in subclause 6.1, the V3C bitstream is composed of a collection of V3C components, such
as atlas, occupancy, geometry and attributes. Furthermore, to provide additional functionalities and
similar flexibility as available in many video specifications, the atlas component may be divided into
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tiles and is encapsulated into NAL units. Clause 7 provides further details on the encapsulation of V3C
component bitstreams into V3C units and NAL units.

V3C bitstream syntax elements and their semantics are specified in Clause 8. Particular focus is placed
on the atlas bitstream, its characteristics, and any constraints that may apply on such syntax.

Clause 9 invokes the decoding process of a V3C bitstream or a collection of V3C sub-bitstreams, with
outputs composed of decoded atlas information, a set of decoded video sub-bitstreams, corresponding
to the occupancy, geometry and attribute, if available, and information of the CVS.

The decoded video frames may require the application of additional transformations, as described in
Annex B, before any reconstruction operations. For example, the different components may need to be
time-aligned and converted to a nominal video format.

With the V3
following stg

[ components in the nominal format, the 3D volumetric content is obtained accerding to the

ps: pre-reconstruction, reconstruction, post-reconstruction and adaptation

For pre-reconstruction, as specified in Clause 10, some of the decoded V3C componehts may be further

processed a¢cording to a specific application.

In the recon
atlas data, a
For some sp|
attributes, if

The reconst]
applying inf

Depending ¢
processed by

7 Bitstre

7.1 Genel

Coded V3C
component i
split into sm
interleaved
particular fg
V3C units, is

7.2 V3C blitstream formats

struction stage, described in Clause 11, the video components;. along with the dec
‘e processed to reconstruct the volumetric content and associated information as ouf
ecific applications, this output corresponds to a collection(of points and their assoc
present.

ructed volumetric content can be further processed;’depending on the applicatio
rmative post-reconstruction methods, as describéd in Clause 12.

n the application, the post-reconstructed volumetric content can be further optig
y additional transformations, as described in\€Elause 13.

am format, partitioning and scanning processes

ral

Fideo components are réferred to in this document as video bitstreams, while an
5 referred to as the atlas-bitstream. Video bitstreams and atlas bitstreams may be fu
aller units, referredito here as video and atlas sub-bitstreams, respectively, and m
fogether, after the“addition of appropriate delimiters, to construct a V3C bitstream
rm of a V3C bitstream, referred to as the V3C sample stream format, that encapsulat
presented inAnnex C.

This subclat

se{specifies the relationship between the V3C unit stream format and the V3C sz

oded
puts.
iated

n, by

nally

atlas
rther
ay be
. One
es all

mple

stream, either of which are referred to as the V3G bitstream. Alt V3T components 1ncludin

associated V3C VPSs could be encapsulated using a different format depending on application.

any

The bitstream can be in one of two formats: the V3C unit stream format or the sample stream format.
The V3C unit stream format is conceptually the more "basic" type. It consists of a sequence of syntax
structures called V3C units. This sequence is ordered in decoding order. There are constraints imposed
on the decoding order (and contents) of the V3C units in the V3C unit stream.

NOTE The V3C unit stream format is commonly not intended to be used in any applications on its own since
itrequires additional information, i.e. sub-bitstream size information, for decoding its associated sub-bitstreams.
One method of achieving this is through the use of the sample stream format.

The sample stream format can be constructed from the V3C unit stream format by ordering the V3C
units in decoding order and prefixing each V3C unit with a heading that specifies the exact size, in bytes,
of the V3C unit. A sample stream header is included at the beginning of the sample stream bitstream
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that specifies the precision, in bytes, of the signalled V3C unit size. The V3C unit stream format can be
extracted from the sample stream format by traversing through the sample stream format, reading the
size information and appropriately extracting each V3C unit. Methods of framing V3C units in a manner
other than the use of the sample stream format are outside the scope of this document. The sample
stream format is specified in Annex C.

7.3 NAL bitstream formats

This subclause specifies the relationship between the network abstraction layer (NAL) unit stream and
the NAL sample stream, either of which are referred to as the NAL bitstream.

a sequence
of syptax structures called NAL units. This sequence is ordered in decoding order)as Hescribed in
subclpuse 8.4.5.3. There are constraints imposed on the decoding order (and contents) of the NAL units

NOT The NAL unit stream format is commonly not intended to be used in anyyapplications on its own since
itreqyires additional information, i.e. sub-bitstream size information, for decoding’its associated sub-bitstreams.
One npethod of achieving this is through the use of the NAL sample stream fotrmat.

The WAL sample stream format can be constructed from the NAL\uhit stream format by prdering the
NAL pnits in decoding order and prefixing each NAL unit with-a heading that specifies the exact size,
in bytes, of the NAL unit. A sample stream header is included*at the beginning of the sample stream
bitstream that specifies the precision, in bytes, of the signalled NAL unit size. The NAL|unit stream
format can be extracted from the sample stream format by traversing through the sample stream
format, reading the size information and appropriately extracting each NAL unit. Methods of framing
NAL pnits in a manner other than the use of the sample stream format are outside the $cope of this
document. The sample stream format is specifiedin Annex D.

7.4 |Partitioning of atlas frames into:tiles
This $ubclause specifies how an atlas frame is partitioned into tiles.

To enfable parallelization, randomaccess, as well as a variety of other functionalities, an atlps frame can
be diyided into one or more rectangular partitions, that are referred to as tiles. Tiles are ngt allowed to
overlpap. An atlas frame may contain regions that are not associated with a tile.

Partifioning of an atlagframe into tiles can be performed as follows:

he atlas frame is first partitioned into NumPartitionColumns * NumPartitionRows niimber of tile
artitions,s#where NumPartitionColumns and NumPartitionRows are derived in subclause 7.5. The
idth and height of each tile partition, respectively, is indicated in the atlas frame tile|information
yntax{subclause 8.3.6.2.2).

v <

— (ne“or more tile partitions are then combined into tiles by indicating the locatior]s of the tile
partitions that correspond to the top-left and bottom-right corners of the tile. All tile partitions
within these two tile partitions collectively form a tile, which is essentially a rectangular region of
the atlas frame.

Figure 4 shows an example tile partitioning of an atlas frame, where the atlas frame is divided into 16
tile partitions (based on the indication of 4 tile partition columns and 4 tile partition rows) and 7 tiles.
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Figure 4 — Example of an atlas. frame partitioned into 7 tiles

7.5 Tile partition scanning process

The list PartitionWidth[ i ], for i ranging from 0 to NumPartitionColumns - 1, inclusive, specifying
the width df the i-th tile partition“tolumn in units of 64 samples, is derived, and the valpe of
NumPartitignColumns is inferred, as-follows:

if( afti_uniform_partition~spacing_flag) {
partitionWidth = ( afti”partition_cols_width_minusl + 1) * 64
NunjPartitionColtimns = asps_frame_width / partitionWidth
PartlitionPosX{0-] = 0
PartjitionWidth|[ 0 ] = partitionWidth
for(fi = ;1< NumPartitionColumns - 1; i++ ) {
attitionPosX[ i | = PartitionPosX[i- 1] + PartitionWidth[i-1 ]
I nrfifinn\/\/ir‘]fh[ i ] = pari—ifinn\/\/ir‘]fh

}
}else{
NumPartitionColumns = afti_num_partition_columns_minus1 + 1
PartitionPosX[0] =0
partitionWidth[ 0 ] = (afti_partition_column_width_minus1[ 0]+ 1) * 64
for(i=1;1i< NumPartitionColumns - 1; i++ ) {
PartitionPosX[ i | = PartitionPosX[i- 1] + PartitionWidth[i- 1]
PartitionWidth[ i | = (afti_partition_column_width_minus1[i] + 1) * 64
}
}
if( NumPartitionColumns > 1) {

PartitionPosX[ NumPartitionColumns -1 ] =
PartitionPosX[ NumPartitionColumns - 2 | + PartitionWidth[ NumPartitionColumns - 2 ]
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PartitionWidth| NumPartitionColumns - 1] =
asps_frame_width - PartitionPosX[ NumPartitionColumns - 1 ]

The list PartitionHeight[ j | for j ranging from 0 to NumPartitionRows - 1, inclusive, specifying the height
of the j-th tile partition row in units of 64 samples, is derived, and the value of NumPartitionRows is
inferred, as follows:

if( afti_uniform_partition_spacing_flag) {

partitionHeight = (afti_partition_rows_height_minus1 + 1) * 64
NumPartitionRows = asps_frame_height / partitionHeight

—

f

—

}

Itisa
Num
inclu

8 S

8.1

The s
the sJ

D:n'fih'r\thCV[ Q ] =0

PartitionHeight[ O ] = partitionHeight

for(j=1;j < NumPartitionRows - 1; j++ ) {
PartitionPosY[ j | = PartitionPosY[j - 1| + PartitionHeight[j - 1]
PartitionHeight[ j ] = partitionHeight

}

else {

NumPartitionRows = afti_num_partition_rows_minus1 + 1

PartitionPosY[ 0] =0

PartitionHeight[ 0 ] = ( afti_partition_row_height_minus1[0.J4 1) * 64

for(j=1;j < NumPartitionRows - 1; j++ ) {
PartitionPosY[ j | = PartitionPosY[j - 1] + PartitiottHeight[j - 1 ]
PartitionHeight[ j | = ( afti_partition_row_heightiminus1[j]+ 1) * 64

}

( NumPartitionRows > 1) {
PartitionPosY[ NumPartitionRows - 1] =
PartitionPosY[ NumPartitionRows,2 | + partitionHeight[ NumPartitionRows
PartitionHeight[ NumPartitionRows*1 | =
asps_frame_height - PartitionRosY[ NumPartitionRows - 1 ]

PartitionColumns - 1, inclusive; and partitionHeight[ j ] forjranging from 0 to NumParti
5ive, are greater than orequal to 64 and are multiples of PatchPackingBlockSize.

yntax and semiantics

Method efspecifying syntax in tabular form

yntax.tables specify a superset of the syntax of all allowed bitstreams. Additional cg
ntax may be specified, either directly or indirectly, in other clauses.

|
[\S]
[E—

requirement of bitstream confgrmance that the values of partitionWidth|[ i ] for i rangjng from 0 to

ionRows-1,

nstraints on

NOTE

A 4+ 1 | H o & H 1 4 £ | a2 4+
Al dlitudl UtlUUCTT IS5 TAPTULLTU LU TIPITIHITIIL SULIIT  1IT4llS 1TUl 1ucul.u_y1us CllLly Pu

ints into the

bitstream and some means to identify and handle non-conforming bitstreams. The methods for identifying and

handl

ing errors and other such situations are not specified in this document.

The following table lists examples of the syntax specification format. When syntax_element appears,
it specifies that a syntax element is parsed from the bitstream and the bitstream pointer is advanced to
the next position beyond the syntax element in the bitstream parsing process.

Descriptor
/* A statement can be a syntax element with an associated descriptor or can be an expres-
sion used to specify conditions for the existence, type and quantity of syntax elements,
as in the following two examples */
syntax_element ue(v)
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conditioning statement

/* A group of statements enclosed in curly brackets is a compound statement and is treated
functionally as a single statement. */

evaluation ¢
longer true

{
statement
statement
}
/* A "while"|structure specifies a test of whether a condition is true, and if true, specifies

f a statement (or compound statement) repeatedly until the condition is no

[/

while( cond

ition )

statemlent

/*A"do ...
of whether 4

vhile" structure specifies evaluation of a statement once, followed by a test
i condition is true, and if true, specifies repeated evaluatignof the statement

until the conpdition is no longer true */

do

statemlent

while( cond

ition )

/*An"if ...
tion is true,
of an alterna
statement i

[se" structure specifies a test of whethera condition is true and, if the condi-

specifies evaluation of a primary statément, otherwise, specifies evaluation
tive statement. The "else" part of thestructure and the associated alternative
omitted if no alternative statement evaluation is needed */

if( conditiorn

)

primar

y statement

else

alternd

tive statement

/* A "for" s

followed by

ructure specifies evaluation of an initial statement, followed by a test of a

condition, afpd if the Condition is true, specifies repeated evaluation of a primary statement

a subSequent statement until the condition is no longer true. */

for(initial s

tatement; condition; subsequent statement )

primary statement

8.2 Specification of syntax functions and descriptors

The functions presented in subclause 8.2 are used in the syntactical description. These functions are
expressed in terms of the value of a bitstream pointer that indicates the position of the next bit to be

read by the decoding process from the bitstream.

byte_aligned( ) is specified as follows:

If the current position in the bitstream is on a byte boundary, i.e. the next bit in the bitstream is the

first bit in a byte, the return value of byte_aligned( ) is equal to TRUE.

30

Otherwise, the return value of byte_aligned( ) is equal to FALSE.
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_data_in_payload( ) is specified as follows:

-5:2021(E)

If byte_aligned( ) is equal to TRUE and the current position in the sei_payload( ) syntax structure is

8 * payloadSize bits from the beginning of the sei_payload( ) syntax structure, the return value of
more_data_in_payload( ) is equal to FALSE.

more

Otherwise, the return value of more_data_in_payload( ) is equal to TRUE.

_rbsp_data( ) is specified as follows:

data( ) is equal to FALSE.

If there is no more data in the raw byte sequence payload (RBSP), the return value of more_rbsp_

(

— e

I
[0

@

The 1
appli

next |
bitsti

payld

< 0O »n =

therwise, the RBSP data is searched for the last (least significant, right-most) bit eq
b present in the RBSP. Given the position of this bit, which is the first bit (rbsp_sfop’ o1
bsp_trailing_bits( ) syntax structure, the following applies:

f there is more data in an RBSP before the rbsp_trailing_bits( ) syntax stpticture, the
f more_rbsp_data( ) is equal to TRUE.

therwise, the return value of more_rbsp_data( ) is equal to FALSE.

nethod for enabling determination of whether there is more-data in the RBSP is spe
cation (or in Annex D for applications that use the sample stieam format).

bits( n ) provides the next bits in the bitstream for cofparison purposes, without a

ad_extension_present( ) is specified as follows:

ignificant, right-most) bit that is equal to(l that is less than 8 * payloadSize bits from t
fthe syntax structure (i.e. the position‘ofthe payload_bit_equal_to_one syntax elemen
alue of payload_extension_present(Q)is equal to TRUE.

therwise, the return value of payload_extension_present( ) is equal to FALSE.

bits( n ) reads the next.mbits from the bitstream and advances the bitstream poi
ons. When n is equal to'0/read_bits( n ) is specified to return a value equal to 0 and to
tstream pointer.

bllowing descripters specify the parsing process of each syntax element:

y the return value of the function read_bits( 8 ).

[n); fixed-pattern bit string using n bits written (from left to right) with the left bit first

B

ual to 1 that
ne_bit) of the

return value

cified by the

lvancing the

eam pointer. Provides a look at the next n bits in theditstream with n being its argunment.

F the current position in the sei_payload(]) syntax structure is not the position of the last (least

he beginning
[), the return

hter by n bit
not advance

(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptar is specified

The parsing

rocess for this descriptor is specified by the return value of the function read_bits( n

).

© ISO/IEC 2021 - All rights reserved

fl(n): binary floating point value using n bits. The parsing process for this descriptor is as specified
in IEEE 754-2019.

n_n

i(n): signed integer using n bits. When n is "v" in the syntax table, the number of bits varies in a
manner dependent on the value of other syntax elements. The parsing process for this descriptor
is specified by the return value of the function read_bits( n ) interpreted as a two's complement
integer representation with the most significant (left) bit written first. In particular, the parsing
process for this descriptor is specified as follows:

i(m) {
value =read_bits(n)
if(value<(1<<(n-1)))
return value
else

31
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return (value | ~((1<<(n-1))-1))

— se(v): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing

process

for this descriptor is specified in subclause 14.2.

st(v): null-terminated string encoded as UTF-8 characters as specified in ISO/IEC 10646. The parsing

process is specified as follows: st(v) begins at a byte-aligned position in the bitstream and reads and
returns a series of bytes from the bitstream, beginning at the current position and continuing up
to but not including the next byte-aligned byte that is equal to 0x00, and advances the bitstream
pointer by ( stringLength + 1) * 8 bit positions, where stringLength is equal to the number of bytes

returne

NOTE Th
is a byte-aligy

— u(n): un
manner
specifie
an unsig
syntax €
equal to

ue(v): u
parsing

8.3 Synta

8.3.1 Gen

The V3C bit{
header and 4
supported V

The attribut
identificatio
attribute thd
Such segmer
be limited in

The occupar

e st(v) syntax descriptor is only used in this document when the current position in the hits
ed position.

n__n

bigned integer using n bits. When n is "v" in the syntax table, the number of/bits varie
dependent on the value of other syntax elements. The parsing process faor.this descrip
] by the return value of the function read_bits( n ) interpreted as a biary representat
ned integer with the most significant bit written first. When n is equdl to 0, the assoc
lement is not present in the bitstream and its corresponding value shall be inferred
0 unless specified otherwise in the semantics.

process for this descriptor is specified in subclause 142,
K in tabular form

bral

tream is composed of a set of V3C unijts as shown in Figure 5. Each V3C unit has a V3
V3C unit payload. The V3C unit header describes the V3C unit type. Table 2 describg
BC unit types.

h of the attribute type based’on VPS information, and the partition index, which enab
t consists of multiple components to be segmented into smaller component partition
tation allows such attribute types to be coded using legacy coding specifications tha
terms of the number of components that they can support.

cy, geometrynand attribute video data unit payloads correspond to video data unit

NAL units defined indSO/IEC 23008-2) that could be decoded by an appropriate video decod

indicated by
defined in su

32

the profiles defined in Annex A and, if present, the component codec mapping SEI me
bclause'f.3.11.

hsigned integer 0-th order Exp-Golomb-coded syntax element with the left bit first.

[ream

sina
tor is
jon of
iated
to be

The

" unit
s the

e video data V3C unit header specifies also the index of the attribute, which allows

es an
nits.
f may

5 (e.g.
er as
5sage
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8.3.2

8.3.2

V3C Sample Stream Precision

NAL Unit Size Precision

V3C Sample Stream Size

NAL Unit Size

V3C_VPS

7 NAL_ASPS

v3c_parameter_set( )

atlas_sequence_parameter_set_rbsp()

V3C Sample Stream Size

NAL Unit Size

V3C_AD

7/l  NAL_AAPS

atlas_sub_bitstream()

atlas_adaptation_parameter_set_rbsp()

V3C Sampl Sizo

ISO/IEC 23090-5:2021(E)

I_TILE

I_LINTRA

patch_data_unit()

I_LINTRA

patch_data_unit()

I_RAW

raw_patch_data_unit(

V3C_OVD

7 NAL_AFPS

video_sub_bitstream()

atlas_frame_parameter_set_rbsp()

I_LEOM

eom_patch_data_unit(

V3C Sample Stream Size

NAL Unit Size

V3C_GVD

/| NAL_PREFIX_ESEI

video_sub_bitstream()

sei_rbsp()

V3C Sample Stream Size

NAL Unit Size

V3C_AVD

% ACL NAL unit type

video_sub_bitstream()

atlas_tile_group_layer_rbsp()

NAL Unit Size

4

% ACL NAL unit typel

atlas_tile_group_layer_rbsp()

T~

NAL Unit SiQV
LN

/| NAL_SUFFIX_ESEI

sei_rbsp()

- v3c_unit_header()
- v3c_unit_payload()

nal_unit_header( )

% atlas_tile*group_header( )
”]]]]] atlastile_group_data_unit( )
% patch_information_data( )

LEND

P_TILE

P_SKIP

skip_patch_data_unit(

P_MERGE

merge_patch_data_unit| )

P_INTER

inter_patch_data_unit(]|

P_INTRA

patch_data_unit()

P_RAW

raw_patch_data_unit(

P_EOM

eom_patch_data_unit(

P_END

V3C unit syntax

1 General V3C unit syntax

Figure 5 — Overview of V3C bitstream structure

v3c_

init(umBytesInV3CUnit ) {

Descriptor

v3c_unit_neader( )

v3c_unit_payload( numBytesInV3CUnit - 4 )

8.3.2.2 V3C unit header syntax

v3c_unit_header() {

Descriptor

vuh_unit_type

u(s)

if( vuh_unit_type == V3C_AVD || vuh_unit_type == V3C_GVD ||

vuh_unit_type == V3C_OVD || vuh_unit_type == V3C_AD ) {

vuh_v3c_parameter_set_id

u(4)

© ISO/IEC 2021 - All rights reserved
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vuh_atlas_id

}

if(vuh_

unit_type == V3C_AVD ) {

vuh_attribute_index

vuh_attribute_partition_index

vuh_map_index

vuh_auxiliary_video_flag

} else if( vuh_unit_type == V3C_GVD ) {

vul

- |
_nrap_maeXx

vuh

_auxiliary_video_flag

vuh

_reserved_zero_12bits

122

} else if

vuh_unit_type == V3C_OVD || vuh_unit_type == V3C_AD )

vuh

_reserved_zero_17bits

else

vuh

_reserved_zero_27bits

}

8.3.2.3 V3

C unit payload syntax

v3c_unit_pa

yload( numBytesInV3CPayload ) {

Descriptor

if(vuh_|

init_type == V3C_VPS) RS

v3c

| parameter_set( numBytesInV3CPayload ) s\\)‘

else if(

ruh_unit_type == V3C_AD) QQ@

atlal

s_sub_bitstream( numBytesInV3CPg§&\)5d )

else if(

ruh_unit_type == V3C_OVD || .\
vuh_unit_type == V3C_GVD ||xO
vuh_unit_type == V3C_AVB)"

vidg

bo_sub_bitstream( num@}ésanSCPayload )

}

8.3.24 At

N

|as sub-bitst egl’h syntax

atlas_sub_b

)
tstreag(q\ﬁmeytes ){

sample |

strqaﬁal_header( )
NS

numByt

o8&

while( nurleytes >0){

sample_stream_nal_unit( )

numBytes —-= ssnu_nal_unit_size + ssnh_unit_size_precision_bytes_minusl + 1

}

8.3.3 Byte alignment syntax

byte_alignment( ) {

Descriptor

alignment_bit_equal_to_one /* equal to 1 */

f(1)

while( !byte_aligned() )

34
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alignment_bit_equal_to_zero /* equal to 0 */ f(1)
}
8.3.4 V3C parameter set syntax
8.3.4.1 General V3C parameter set syntax
v3c_parameter_set( numBytesInV3CPayload ) { Descriptor
profile_tier_level( )
pS_v3c_parameter_set_id u(4)
yps_reserved_zero_8bits (\‘]) u(8)
yps_atlas_count_minus1 P .‘])’ u(6)
for(k = 0; k < vps_atlas_count_minus1 + 1; k++ ) { ’9
vps_atlas_id[ k| R u(6)
j=vps_atlas_id[ k ] q‘/g
vps_frame_width|[j ] (/@) ue(v)
vps_frame_height][ j | m\\v ue(v)
vps_map_count_minus1[j ] N\ >~ u(4)
if( vps_map_count_minus1[j]>0) \ .
vps_multiple_map_streams_present_ flqg@ u(1)
vps_map_absolute_coding_ enabled flag[] HQ
vps_map_predictor_index_diff[ j Q\}\\
for(i=1;i<= Vps_map_count_mmug}.@; Jiv+ ) {
if( Vps_multiple_map_stream@esent_ﬂag[j 1)
vps_map_absolute_cQ@Bg_enabled_flag[ il u(1)
else xO‘
Vps_map_absle‘b_\(':oding_enabled_flag[ ili]=
if( Vps_map_abs@'ﬁ\é_coding_enabled_flag[j [i]== ) {
vps_map_predictor_index_diff[j][i] ue(v)
YO
} A
vps_a@ﬁry_video_present_flag[j ] u(1)
va(o)Eupancy_video_present_flag[j ] u(1)
/@_geometry_video_present_flag[j ] u(1)
“Yps attribute video present flag[j] u(1)
if( vps_occupancy_video_present_flag[j])
occupancy_information(j)
if( vps_geometry_video_present_flag[j])
geometry_information(j)
if( vps_attribute_video_present_flag[j])
attribute_information(j )
}
vps_extension_present_flag u(1)
if( vps_extension_present_flag )
vps_extension_8bits u(8)

© ISO/IEC 2021 - All rights reserved
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if( vps_extension_8bits ) {

vps_extension_length_minus1 ue(v)
for(j =0;j < vps_extension_length_minusl + 1; j++ ) {
vps_extension_data_byte u(8)
}
}
byte_alignment( )
}
8.3.4.2 Prpfile, tier and level syntax
profile_tier Jlevel( ) { Déscriptor
ptl_tier_flag u(1]
ptl_propfile_codec_group_idc u(7]
ptl_propfile_toolset_idc u(8]
ptl_propfile_reconstruction_idc u(8]
ptl_reserved_zero_16bits u(16)
ptl_reserved_Oxffff 16bits u(16)
ptl_level_idc u(8]
ptl_num_sub_profiles u(6]
ptl_extended_sub_profile_flag u(1}
for(i=|0; i< ptl_num_sub_profiles; i++)
ptl_sub_profile_idc[i] u(v}
ptl_toolset_constraints_present_flag u(1}
if( ptl_toolset_constraints_present_flag)
profile_toolset_constraints_information( )
}
8.3.4.3 Odcupancy informatien syntax
occupancy_jnformation( atlasiD ) { Descriptor
oi_occppancy_codec.id[ atlasID | u(8]
oi_losgy_occupancy_compression_threshold[ atlasID ] u(8]
oi_occppancy_2d_bit_depth_minus1] atlasID ] u(5]
oi_occppancy_MSB_align_flag| atlasID ] u(1}
}
8.3.4.4 Geometry information syntax
geometry_information( atlasID ) { Descriptor
gi_geometry_codec_id|[ atlasID ] u(8)
gi_geometry_2d_bit_depth_minus1] atlasID ] u(5)
gi_geometry_MSB_align_flag[ atlasID ] u(1)
gi_geometry_3d_coordinates_bit_depth_minus1[ atlasID ] u(5)
if( vps_auxiliary_video_present_flag|[ atlasID ] )
gi_auxiliary_geometry_codec_id] atlasID ] u(8)

36

© ISO/IEC 2021 - All rights reserved



https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

I} |
8.3.4.5 Attribute information syntax
attribute_information( atlasID ) { Descriptor
ai_attribute_count] atlasID ] u(7)
for(i=0;i<ai_attribute_count|[ atlasID [; i++ ) {
ai_attribute_type_id[ atlasID ][] u(4)
ai_attribute_codec_id[ atlasID ][ i] u(8)
if( vps_auxiliary_video_present_flag[ atlasID ] )
ai_auxiliary_attribute_codec_id|[ atlasID ][ i] u(8)
if( vps_map_count_minus1[ atlasID ] > 0)
ai_attribute_map_absolute_coding_persistence_flag[ atlasID][ i ] u(1)
ai_attribute_dimension_minus1] atlasID ][] u(6)
if(ai_attribute_dimension_minus1[ atlasID ][i]>0) {
ai_attribute_dimension_partitions_minus1[ atlasiD ][ i ] u(6)
remainingDimensions = ai_attribute_dimension_minus1[ atlasID ][ i]
k = ai_attribute_dimension_partitions_minusT{atlasIiD ][ i]
for(j=0;j<k;j++){
if( k - j == remainingDimensions }
ai_attribute_partition_channels_minus1[ atlasID ][i][j] =0
else
ai_attribute_partition_channels_minus1[ atlasID [[i ][] ] ue(v)
remainingDimensions+-=
ai_attribute_partition_channels_minus1[atlasID J[i][j] +1
}
ai_attribute_partition_ ¢hannels_minus1[ atlasID ][ i][ k] = remainingDimensions
}
ai_attribute_2d_bit_depth_minus1][ atlasID ][ i] u(5)
ai_attribute _MSB_align_flag[ atlasID ][ i] u(1)
}
}
8.3.4/6 , (Profile toolset constraints information syntax
profile_toolset_constraints_information( ) { Descriptor
ptc_one_v3c_frame_only_flag u(1)
ptc_eom_constraint_flag u(1)
ptc_max_map_count_minus1 u(4)
ptc_max_atlas_count_minus1l u(4)
ptc_multiple_map_streams_constraint_flag u(1)
ptc_plr_constraint_flag u(1)
ptc_attribute_max_dimension_minus1 u(6)
ptc_attribute_max_dimension_partitions_minus1 u(6)
ptc_no_eight_orientations_constraint_flag u(1)
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ptc_no_45degree_projection_patch_constraint_flag u(1)
ptc_reserved_zero_6bits u(6)
ptc_num_reserved_constraint_bytes u(8)

for(i=0;i< ptc_num_reserved_constraint_bytes; i++ )
ptc_reserved_constraint_byte|[ i ] u(8)

}

8.3.5 NAL unit syntax

8.3.5.1 General NAL unit syntax

nal_unit( NymBytesInNalUnit) { Descriptor

nal_unjit_header( )

NumBytesInRbsp =0

for(i=/2; 1< NumBytesInNalUnit; i++)
rbsp_byte[ NumBytesInRbsp++ | b(8]

}

8.3.5.2 NAL unit header syntax

nal_unit_hepder() { Descriptor
nal_forbidden_zero_bit f(1)
nal_unit_type u(6]
nal_layer_id u(6]
nal_temporal_id_plus1 u(3]

}

8.3.6 Raw| byte sequence payloads, trailing bits and byte alignhment syntax
8.3.6.1 Atlas sequence parameter set RBSP syntax

8.3.6.1.1 (General atlas séquence parameter set RBSP syntax

atlas_sequepce_parameter_set_rbsp( ) { Descriptor
asps_dtlas_sequence_parameter_set_id ue(v)
asps_frame/width ue(v)
asps_frame-height we{v)
asps_geometry_3d_bit_depth_minus1 u(5)
asps_geometry_2d_bit_depth_minus1 u(5)
asps_log2_max_atlas_frame_order_cnt_lsb_minus4 ue(v)
asps_max_dec_atlas_frame_buffering_minus1 ue(v)
asps_long_term_ref_atlas_frames_flag u(1)
asps_num_ref_atlas_frame_lists_in_asps ue(v)
for(i=0;i<asps_num_ref_atlas_frame_lists_in_asps; i++ )
ref_list_struct(1i)

asps_use_eight_orientations_flag u(1)
asps_extended_projection_enabled_flag u(1)
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if( asps_extended_projection_enabled_flag)

asps_max_number_projections_minus1 ue(v)
asps_normal_axis_limits_quantization_enabled_flag u(1)
asps_normal_axis_max_delta_value_enabled_flag u(1)
asps_patch_precedence_order_flag u(1)
asps_log2_patch_packing_block_size u(3)
asps_patch_size_quantizer_present_flag u(1)
asps_map_count_minus1 u(4)
asps—pixel—deinterteaving—enmabted—filag u(1)
if( asps_pixel_deinterleaving_enabled_flag )
for(j = 0;j <= asps_map_count_minusl; j++)
asps_map_pixel_deinterleaving_flag][j ] u(1)
asps_raw_patch_enabled_flag u(1)
asps_eom_patch_enabled_flag u(1)
if( asps_eom_patch_enabled_flag && asps_map_count_minusl ==0)
asps_eom_fix_bit_count_minus1 u(4)
if( asps_raw_patch_enabled_flag || asps_eom_patch_enabled_flag )
asps_auxiliary video_enabled_flag u(1)
asps_plr_enabled_flag u(1)
if(asps_plr_enabled_flag)
asps_plr_information( asps_map_count_thinus1 )
asps_vui_parameters_present_flag u(1)
if(asps_vui_parameters_present_flag,)
vui_parameters( )
asps_extension_present_flag u(1)
if( asps_extension_present:flag ) {
asps_vpcc_extension_present_flag u(1)
asps_extension_7bits u(7)
}
if( asps_vpcc_extension_present_flag)
aspssvpcc_extension( ) /* Specified in Annex H*/
if(asps\extension_7bits )
while( more_rbsp_data() )
asps_extension_data_flag u(1)
rbsp_trailing_bits( )
}
8.3.6.1.2 Pointlocal reconstruction information syntax
asps_plr_information( mapCountMinus1 ) { Descriptor
for(i=0;i<mapCountMinusl + 1; i++ ) {
plri_map_present_flag[i|] u(1)
if( plri_map_present_flag[i]) {
plri_number_of_modes_minus1|i ] u(4)
for(j=0;j < plri_number_of modes_minus1[i] + 1;j++) {
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plri_interpolate_flag[i][] ] u(1)
plri_filling_flag[i][j] u(1)
plri_minimum_depth[i][j] u(2)
plri_neighbour_minus1[i][j] u(2)
}
plri_block_threshold_per_patch_minus1[i ] u(6)
}
}
}
8.3.6.2 At]as frame parameter set RBSP syntax
8.3.6.2.1 (General atlas frame parameter set RBSP syntax
atlas_frame| parameter_set_rbsp( ) { Descriptor
afps_a|tlas_frame_parameter_set_id ue(V
afps_a|tlas_sequence_parameter_set_id ue(v))
atlas_fframe_tile_information( )
afps_output_flag_present_flag u(1}
afps_dum_ref_idx_default_active_minus1 ue(V)
afps_additional_It_afoc_lsb_len ue(V)
afps_ll)d_mode_enabled_flag u(1}
afps_rpw_3d_offset_bit_count_explicit_mode.flag u(1}
afps_extension_present_flag u(1}
if( afpq_extension_present_flag)
afps_extension_8bits u(8]
if( afpg_extension_8bits )
while( more_rbsp_data( ))
afps_extension:data_flag u(1]
rbsp_trailing_bits( )
}
8.3.6.2.2 Atlas frame tile information syntax
atlas_frame]| tile information( ) { Descriptor
afti_si 1git:_iiit:_iu_aﬁda_f1 dult:_ﬂdg u(lj
if( lafti_single_tile_in_atlas_frame_flag) {
afti_uniform_partition_spacing_flag u(1)
if( afti_uniform_partition_spacing_flag) {
afti_partition_cols_width_minus1 ue(v)
afti_partition_rows_height_minus1 ue(v)
}else{
afti_num_partition_columns_minus1 ue(v)
afti_num_partition_rows_minus1 ue(v)

for(i=0;i<afti_num_partition_columns_minusl; i++ )
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afti_partition_column_width_minus1[i] ue(v)
for(i=0;i<afti_num_partition_rows_minus1; i++)
afti_partition_row_height_minus1[i] ue(v)
}
afti_single_partition_per_tile_flag u(1)
if( lafti_single_partition_per_tile_flag ) {
afti_num_tiles_in_atlas_frame_minus1 ue(v)
for(i=0;i<afti_num_tiles_in_atlas_frame_minus1 + 1; i++ ) {
afti-top_teft—partition—idxfi} u(v)
afti_bottom_right_partition_column_offset[ i ] r\q'/\ ue(v)
afti_bottom_right_partition_row_offset[ i ] . ‘])) ue(v)
} NE
} P
else q‘, -
afti_num_tiles_in_atlas_frame_minusl = NumPartitior}s/ﬁAt'lasFrame -1
} A\
else \%\J
afti_num_tiles_in_atlas_frame_minus1 = 0 (-s\\\
if( asps_auxiliary_video_enabled_flag ) { /\Q -
afti_auxiliary_video_tile_row_width_rquJ\!l ue(v)
for(i=0;i< afti_num_tiles_in_atlas_f&@_minus1 +1;i++)
afti_auxiliary_video_tile_ro\w@éight[ i] ue(v)
} SO
afti_signalled_tile_id_flag X u(1)
if( afti_signalled_tile_id_flag) {
afti_signalled_tile_iNe\ﬁgth_minus1 ue(v)
for(i=0;i< afti_r(u&\jtiles_in_atlas_frame_minus1 +1;i++ ) {
afti_tile_id[i] u(v)
TileIDFolndex] afti_tile_id[i]] = i
TilefndexToID[ i ] = afti_tile_id[ i ]
b o
y O
else )
QO for(i=0;i<afti_num_tiles_in_atlas_frame_minusl + 1; i++ ) {
afti_tile_id[i] =1
TileIDTolndex[i] =1
TileIndexToID[i] =i
}
}
8.3.6.3 Atlas adaptation parameter set RBSP syntax
atlas_adaptation_parameter_set_rbsp( ) { Descriptor
aaps_atlas_adaptation_parameter_set_id ue(v)
aaps_extension_present_flag u(1)
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if( aaps_extension_present_flag ) {

aaps_vpcc_extension_present_flag

u(1)

aaps_extension_7bits

u(7)

}

if( aaps_vpcc_extension_present_flag )

aaps_vpcc_extension( ) /* Specified in Annex H*/

if( aaps_extension_7bits )

while( more_rbsp_data( ) )

4= H i £l
ddpo_TALTILIVII_Udld_Ildg

rbsp_trailing_bits()

}

8.3.6.4 Supplemental enhancement information RBSP syntax

sei_rbsp()

Descriptor

do

s¢i_message( )

while([more_rbsp_data())

rbsp_trailing_bits( )

} R

8.3.6.5 Access unit delimiter RBSP syntax

access_unit]|delimiter_rbsp() {

Descriptor

aframp_type

u(3)

rbsp_trailing_bits( )

) O

<l
N

8.3.6.6 End of sequence RBSP s X

end_of_sequ

\ .
ence_rbsp( ) { ’_()\\

Descriptor

}

S‘
8.3.6.7 En(d of bit@%m RBSP syntax

end_of_atla

Descriptor

_\@bﬂ)itstream_rbsp( ){
\V

}

8.3.6.8 Filler data RBSP syntax

filler_data_rbsp() { Descriptor
while( next_bits( 8 ) == 0xFF)
ff byte /* equal to OxFF */ f(8)

rbsp_trailing_bits( )
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8.3.6.9 Atlas tile layer RBSP syntax

atlas_tile_layer_rbsp() { Descriptor
atlas_tile_header()
atlas_tile_data_unit( tileID )
rbsp_trailing_bits( )

}
8.3.6.10 RBSP trailing bit syntax
rbsp| trailing_bits( ) { S Descriptor
rbsp_stop_one_bit /* equal to 1 */ qgv f(1)
while( Ibyte_aligned() ) N
rbsp_alignment_zero_bit /* equal to 0 */ r\O.)\) f(1)
) >
G v
8.3.6/11 Atlas tile header syntax \Q/
a)
atlag tile_header( ) { ) \%V Descriptor
if( nal_unit_type >= NAL_BLA_W_LP && nal_unit_typec<= NAL_RSV_IRAP_ACL_29)
ath_no_output_of_prior_atlas_frames_flag\<< u(1)
ath_atlas_frame_parameter_set_id ‘\Q v ue(v)
ath_atlas_adaptation_parameter_set_id s\\}\\ ue(v)
ath_id % u(v)
tilelD = ath_id Q
ath_type “\\QJ‘ ue(v)
if( afps_output_flag_present_{]@‘)
ath_atlas_output_flagt- - u(1)
ath_atlas_frm_order_@st u(v)
if( asps_num_ref_:{c@é;frame_lists_in_asps >0)
ath_ref_a,t_@?rame_list_asps_flag u(1)
if( ath_ref_a@‘g-_)frame_list_asps_flag ==0)
ref_‘]@Fs:cruct( asps_num_ref_atlas_frame_lists_in_asps)
else i{_&s})‘s_num_ref_atlas_frame_lists_in_asps >1)
/ICa}h_ref_atlas_frame_list_idx u(v)
for(j = 0: j < NumLtrAtlasFrmEntries] Rlsldx |; j++) {
ath_additional_afoc_lsb_present_flag][j ] u(1)
if( ath_additional_afoc_Isb_present_flag[j])
ath_additional_afoc_lsb_val|j ] u(v)
}
if( ath_type != SKIP_TILE ) {
if( asps_normal_axis_limits_quantization_enabled_flag ) {
ath_pos_min_d_quantizer u(5)
if(asps_normal_axis_max_delta_value_enabled_flag)
ath_pos_delta_max_d_quantizer u(5)
}
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if( asps_patch_size_quantizer_present_flag) {
ath_patch_size_x_info_quantizer u(3)
ath_patch_size_y_info_quantizer u(3)
}
if( afps_raw_3d_offset_bit_count_explicit_mode_flag )
ath_raw_3d_offset_axis_bit_count_minus1 u(v)
if(ath_type == P_TILE && num_ref_entries[ RIsldx] > 1) {
ath_num_ref_idx_active_override_flag u(1)
iffathmuomref-idx—active-override—ftag3 -
ath_num_ref_idx_active_minus1 Aﬁﬁ%)
} i
} o
byte_alignment( ) A(\O.)V
} q‘lbv
N
8.3.6.12 Reference list structure syntax O\\Q/
ref_list_stryct( rlsldx ) { c\(o Descriptor
num_ilef_entries| rlsldx ] y o ue(V
for(i=0;1i<num_ref_entries| rlsldx [; i++) { AOX
if[ asps_long_term_ref_atlas_frames_flag) \\Y i
st_ref_atlas_frame_flag[ rlsldx J[i] “ u(1)
iff st_ref_atlas_frame_flag[ rlsldx ][i]) {:0"
abs_delta_afoc_st[ rlsldx J[i] .\ ue(v
if( abs_delta_afoc_st[ rlsldx |[i}> 0)
straf_entry_sign_flag[rlsldx ][] u(1)
} else \.\(\}‘
afoc_lsb_lt[ risldx ][i]" u(v)
} N\
} O
o
8.3.7 Atlap tile daé@ syntax
8.3.7.1 Gemer@as tile data unit syntax
A\ X/
atlas_tile_d 'Ld_vuui'L( titetb )< Pescriptor
if(ath_type == SKIP_TILE ) {
for( p = 0; p < RefAtduTotalNumPatches] tileID ]; p++)
skip_patch_data_unit( )
}else{
p=0
do {
atdu_patch_mode]| tileID ][ p ] ue(v)
iskEnd = (ath_type == P_TILE && atdu_patch_mode][ tileID ][ p] == P_END) ||
(ath_type ==1_TILE && atdu_patch_mode][ tileID |[ p] ==1_END)
if(lisEnd ) {
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patch_information_data( tileID, p, atdu_patch_mode[ tileID [[ p ] )

p++
}
} while( lisEnd )
}
AtduTotalNumPatches] tileID | = p
}
8.3.7,2__Patch information data syntax
N
patch_information_data( tileID, patchldx, patchMode ) { ,\dl’ Descriptor
if( ath_type == P_TILE ) { KV
if( patchMode == P_SKIP ) N
skip_patch_data_unit( ) O\QVJ
else if( patchMode == P_MERGE ) ~ Vv’
merge_patch_data_unit( tilelD, patchldx ) R /\)
else if( patchMode == P_INTRA) ‘_O\V
patch_data_unit( tilelD, patchldx ) Q\CO
else if( patchMode == P_INTER ) , O
inter_patch_data_unit( tilelD, patchIdx{D‘(
else if( patchMode == P_RAW ) \\Y
raw_patch_data_unit( tilelD, patéﬁm\x )
else if( patchMode == P_EOM ) ,&\@
eom_patch_data_unit( til‘g@,\ﬁatchldx )
} N
else if(ath_type == I TILE ) {xO
if( patchMode == I_l.lt@kA)
patch_data_t@t tileID, patchldx )
else if( patchModé == I_RAW )
raw. {p@h_data_unit( tileID, patchldx )
else ifLRa%EhMode ==]_EOM)
,.\Qo\r;l_patch_data_unit( tileID, patchldx )
)
R
\V
8.3.7.3 Patch data unit syntax
patch_data_unit( tilelD, patchldx ) { Descriptor
pdu_2d_pos_x[ tileID ][ patchldx ] ue(v)
pdu_2d_pos_y]| tileID ][ patchldx ] ue(v)
pdu_2d_size_x_minus1] tileID ][ patchldx ] ue(v)
pdu_2d_size_y_minus1] tileID ][ patchldx ] ue(v)
pdu_3d_offset_u] tileID ][ patchldx ] u(v)
pdu_3d_offset_v[ tileID ][ patchldx ] u(v)
pdu_3d_offset_d|[ tileID ][ patchldx ] u(v)
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if( asps_normal_axis_max_delta_value_enabled_flag)
pdu_3d_range_d| tileID ][ patchldx ] u(v)
pdu_projection_id| tileID ][ patchldx ] u(v)
pdu_orientation_index| tileID ][ patchldx ] u(v)
if( afps_lod_mode_enabled_flag ) {
pdu_lod_enabled_flag] tileID ][ patchldx ] u(1)
if( pdu_lod_enabled_flag] tileID ][ patchldx ] >0) {
pdu_lod_scale_x_minus1] tileID ][ patchldx ] ue(v)
pdutod_—scate—y-ideftitetbHpatchidx tretv)
} KA
) i
if(asp$_plr_enabled_flag) (\)O ‘
plr_data( tilelD, patchldx ) A(\O.)V
} 02
N
8.3.7.4 SKiip patch data unit syntax O\\Q/
skip_patch_Hata_unit( ) { . \(O Descriptor
} . O
0‘(
8.3.7.5 Mg¢rge patch data unit syntax \\Q
merge_patch_data_unit( tileID, patchldx ) { 0.\\} Descriptor
if( NurhRefldxActive > 1) RN
njpdu_ref_index[ tilelD ][ patchldx |5 ue(v
OverriflePIrFlag = 0 AQ\
mpdu| override_Zd_params_flag[ﬁﬁ\e'fD ][ patchldx ] u(1}
if( mp(lu_override_Zd_paramsfﬁka%ftilelD ][ patchldx ] ) {
njpdu_2d_pos_x| tileID. ]h;atchldx ] se(v]
njpdu_2d_pos_y[ tileiD ][ patchldx ] se(v]
njpdu_2d_delta(size_x[ tileID ][ patchldx ] se(v]
1 pdu_2d_@q@_’size_y[ tileID ][ patchldx | se(v]
if{ asps_ptfsgﬁabled_flag )
Q*‘@TvidePlrFlag =1
} else{ \<(/V
mpdu_override_Bd_params_flag[ tileID ][ patchldx | u(1)
if(mpdu_override_3d_params_flag[ tileID ][ patchldx ] ) {
mpdu_3d_offset_u| tileID ][ patchldx ] se(v)
mpdu_3d_offset_v| tileID ][ patchldx ] se(v)
mpdu_3d_offset_d] tileID ][ patchldx ] se(v)
if(asps_normal_axis_max_delta_value_enabled_flag)
mpdu_3d_range_d] tilelD |[ patchldx ] se(v)
if( asps_plr_enabled_flag ) {
mpdu_override_plr_flag] tilelD ][ patchldx ] u(1)
OverridePlrFlag = mpdu_override_plr_flag] tileID ][ patchldx ]
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}

if( OverridePIrFlag && asps_plr_enabled_flag )

plr_data( tileID, patchldx )

}
8.3.7.6 Inter patch data unit syntax
inter] patch_data_unit( tileID, patchldx ) { Descriptor
if( NumRefldxActive > 1)
ipdu_ref_index| tileID ][ patchldx ] ue(v)
ipdu_patch_index]| tileID ][ patchldx ] se(v)
ipdu_2d_pos_x[ tileID ][ patchldx ] se(v)
ipdu_2d_pos_y]| tileID ][ patchldx ] se(v)
ipdu_2d_delta_size_x| tileID ][ patchldx ] se(v)
ipdu_2d_delta_size_y| tileID ][ patchldx ] se(v)
ipdu_3d_offset_u] tilelD ][ patchldx ] se(v)
ipdu_3d_offset_v] tileID ][ patchldx ] se(v)
ipdu_3d_offset_d] tileID ][ patchldx ] se(v)
if(asps_normal_axis_max_delta_value_enabled flag)
ipdu_3d_range_d[ tileID ][ patchldx ] se(v)
if(asps_plr_enabled_flag)
plr_data( tilelD, patchldx )
}
8.3.7}7 RAW patch data unit syntax
raw_patch_data_unit( tileID, patchldx ) { Descriptor
if( AuxTileHeight[TileIDTolndex] tileID | | > 0)
rpdu_patch_in_auxiliary_video_flag] tileID ][ patchldx ] u(1)
rpdu_2d_pes:Xx] tileID ][ patchldx ] ue(v)
rpdu_2dypos_y| tileID ][ patchldx ] ue(v)
rpdu:2d_size_x_minus1] tilelD ][ patchldx ] ue(v)
rpdu_2d_size_y_minus1] tileID ][ patchldx ] ue(v)
rpdu_3d_offset_u| tileID ]| patchldx ] u(v)
rpdu_3d_offset_v| tileID ][ patchldx ] u(v)
rpdu_3d_offset_d] tileID ][ patchldx ] u(v)
rpdu_points_minus1] tileID ][ patchldx ] ue(v)
}
8.3.7.8 EOM patch data unit syntax
eom_patch_data_unit( tileID, patchldx ) { Descriptor
if( AuxTileHeight[ TileIDTolndex] tileID ] | > 0)
epdu_patch_in_auxiliary_video_flag] tileID ][ patchldx ] u(1)
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epdu_2d_pos_x| tileID ][ patchldx ] ue(v)
epdu_2d_pos_y]| tilelD ][ patchldx ] ue(v)
epdu_2d_size_x_minus1| tileID ][ patchldx ] ue(v)
epdu_2d_size_y_minus1]| tileID ][ patchldx ] ue(v)
epdu_patch_count_minus1] tileID ][ patchldx ] ue(v)
for(i=0;i<epdu_patch_count_minus1] tileID ][ patchldx ] + 1; i++ ) {
epdu_associated_patch_idx[ tileID ][ patchldx ][ i] ue(v)
epdu_points| tilelD ][ patchldx ][ 1] ue(v)
} -
} A
P
8.3.7.9 Pdgjint local reconstruction data syntax f() :
o\
plr_data( tileID, patchldx ) { O\QVJ Descriptor
blockCht = BlockCnt( TilePatch2dSizeX[ tilelD ][ p ], TilePatch2dSizeY[ tilelD][ p])
for(i=|0;i<asps_map_count_minusl + 1; i++ ) { R /\)
if{ plri_map_present_flag[i]) { ‘O\V
if( blockCnt > plri_block_threshold_per_patch_minuébm +1)
plrd_level[ tileID ][ patchldx ][ i] , O u(1]
else AOK
plrd_levell tileID ][ patchldx J[1] =1 i
if( plrd_level[ tileID ][ patchldx ][ i] == 09
for(j = 0; j < blockCnt; j++) { o
plrd_present_block_flag] tileID ][ patchldx ][i][j ] u(1)
if( plrd_present_blo@c“_’ﬂag[ tileID ][ patchldx ][ i][j])
plrd_block\QOde_minusl[ tileID ][ patchldx ][ i][j] u(v}
) O
}else { C)\‘
plrd_present_flag| tileID ][ patchldx ][i] u(1}
if( pqu-:ﬁa;sent_flag[ tileID ][ patchldx ][i])
‘\mh'jd_mode_minusl[ tileID ][ patchldx ][ i] u(v}
y &
Mo
} R
} —
8.3.8 Supplemental enhancement information message syntax
sei_message( ) { Descriptor
payloadType =0
do {
sm_payload_type_byte u(8)

payloadType += sm_payload_type_byte

} while( sm_payload_type_byte == OxFF )

payloadSize = 0
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do{

sm_payload_size_byte

u(8)

payloadSize += sm_payload_size_byte

} while( sm_payload_size_byte == 0xFF )

sei_payload( payloadType, payloadSize )

}
8.4 Semantics
8.4.1| General

Semantics associated with the syntax structures and with the syntax elements within-theg
pecified in this subclause. When the semantics of a syntax element are specified usin
tables, any values that are not specified in the table(s) shall not be present.in the bitsf

are s
set of
other

For s
V3C
and \
may
and §

wise specified in this document.

obtai

8.4.2

8.4.2

traili

8.4.2

ned through external means.
V3C unit semantics

1 General V3C unit semantics

ng_zero_8bits is a byte equal to 0x00Q;
2 V3C unit header semanties

Table 2 — V3C unit types

bme applications, different encapsulation of a V3C bitstream may-be ‘ised that may n
nit structure. As an example, in ISO/IEC DIS 23090-10%), the information provided by
(3C parameter sets may be provided through equivalent struictures and the V3C unit structure
not be directly present. In such applications, all the syntag-elements specified in sub
.3.4, such as vuh_unit_type, vuh_atlas_id, vuh_map_index, vps_atlas_count_minus1,

e structures
b a table or a
ream unless

bt utilize the
the V3C unit

rlauses 8.3.2
etc., may be

vuh_unit_type Identifier V3C unit type Description
0 V3C_VPS V3C parameter set V3C level parameters
1 V3C_AD Atlas data Atlas information
2 V3C_OVD Occupancy video data Occupancy information
3 V3C_GVD Geometry video data Geometry information
4 V3C_AVD Attribute video data Attribute information
5..31 V3C_RSVD Reserved -

vuh_unit_type indicates the V3C unit type as specified in Table 2. Values indicated as reserved are
reserved for future use by ISO/IEC and shall not be present in bitstreams conforming to this edition of this
document. Decoders conforming to this edition of this document should ignore such reserved unit types.

vuh_v3c_parameter_set_id specifies the value of vps_v3c_parameter_set_id for the active V3C VPS.
The value of vuh_v3c_parameter_set_id shall be in the range of 0 to 15, inclusive.

vuh_atlas_id specifies the ID of the atlas that corresponds to the current V3C unit. The value of vuh_
atlas_id shall be in the range of 0 to 63, inclusive.

1) Under preparation. Stage at time of publication: ISO/IEC DIS 23090-10:2020.
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vuh_attribute_index indicates the index of the attribute data carried in the Attribute Video Data unit.
The value of vuh_attribute_index shall be in the range of 0 to ( ai_attribute_count[ vuh_atlas_id ] - 1),
inclusive.

vuh_attribute_partition_index indicates the index of the attribute dimension group carried in the
attribute video data unit. The value of vuh_attribute_partition_index shall be in the range of 0 to ai_
attribute_dimension_partitions_minus1[ vuh_atlas_id ][ vuh_attribute_index ], inclusive.

vuh_map_index when present, indicates the map index of the current geometry or attribute stream.
When not present, the map index of the current geometry or attribute sub-bitstream is derived based
on the type of the sub- b1tstream and the operatlons described in subclauses 9.4 and 9.5 for geometry
and attribute = all be in

vuh_auxilia
unitisaRA
0 indicates
points, or bo

vuh_reserv
of this docu
Decoders sh

vuh_reserv
of this docu
Decoders sh

vuh_reserv
of this docu
Decoders sh

8.4.2.3 V3

video_sub_b
ordered stre
patterns in

ptl_profile_d

8.4.2.4 At
atlas_sub_bi

ordered stre
from pattert

8.4.2.5 Or

or EOM coded points video only sub-bitstream, or both. vuh_auxiliary_video)flag eq
hat the associated geometry or attribute video data unit may contain RAW or EOM
h. When vuh_auxiliary video_flag is not present, its value shall be infefred to be equ

pd_zero_12bits, when present, shall be equal to 0 in bitstreams ¢onforming to this e
ment. Other values for vuh_reserved_zero_12bits are reserved for future use by ISC
h1l ignore the value of vuh_reserved_zero_12bits.

ment. Other values for vuh_reserved_zero_17bits are ¢eserved for future use by ISC
i1l ignore the value of vuh_reserved_zero_17bits.

ment. Other values for vuh_reserved_zero_27pits are reserved for future use by ISC
h1l ignore the value of vuh_reserved_zero_27bits.

C unit payload semantics

tstream( numBytes ) contains-a portion of a video unit stream of size numBytes
am of bytes or bits within which the locations of unit boundaries are identifiable
he data. The format of su¢h*video unit stream is identified by a 4CC code as defin
odec_group_idc or by a component codec mapping SEI message.

as sub-bitstreanrsemantics

fstream( numBytes ) contains a portion of an atlas NAL unit stream of size numBytes
am of byteg.or bits within which the locations of atlas NAL unit boundaries are identi
s in the(data. The format of such atlas NAL unit stream is defined in Annex D.

der of V3C units and association to coded information

al to
oded
| to O.

lition
/1EC.

bd_zero_17bits, when present, shall be equal to 0 in bitstreams conforming to this edition

/IEC.

bd_zero_27bits, when present, shall be equalto'0 in bitstreams conforming to this edition

/IEC.

Qs an
from
ed by

as an
fiable

8.4.2.5.1 General

This subclause specifies constraints on the order of V3C units in the bitstream.

8.4.2.5.2 Order of VPSs and their activation

This subclause specifies the activation process of V3C parameter sets (VPSs)

NOTE
transmission

of V3C units. VPSs can, in some applications, be conveyed "out-of-band".

The VPS mechanism decouples the transmission of infrequently changing information from the

A VPS includes parameters that can be referred to by one or more V3C units and their associated vuh_
v3c_parameter_set_id. Each VPS is initially considered not active at the start of the operation of the
decoding process. At most, one VPS is considered active at any given moment during the operation of the
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decoding process and the activation of any particular VPS results in the deactivation of the previously
active VPS.

When a VPS (with a particular value of vps_v3c_parameter_set_id) is not already active for a particular
V3C unit and it is referred to by a V3C unit (in which the associated vuh_v3c_parameter_set_id is equal
to vps_v3c_parameter_set_id), it is activated for the particular V3C unit. This VPS is called the active
VPS for the particular V3C unit until it is deactivated by the activation of another VPS. A VPS, with
that particular value of vps_v3c_parameter_set_id, shall be available to the decoding process prior to its
activation, included in at least one V3C unit or provided through external means. An activated VPS shall
remain active for the entire coded V3C sequence (CVS). The activation of a new VPS starts a new CVS.

lements and

A]l C(‘hcfrainfc that are nvprnccnr‘ on the rn]afinnchip between the values of the cynf:&v e

the Vi
exprq
in the
ifitw

alues of variables derived from those syntax elements in VPSs and other syntak.g
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bitstream, its syntax elements shall have values that would conform to the, specified
as activated by reference in an otherwise conforming bitstream.

During operation of the decoding process (see Clause 9), the values of pararheters of the ag

consi
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5.3 Order of V3C units and association to CVSs

[ bitstream conforming to this document consists of one‘ep more CVSs. A CVS starts
led in at least one V3C unit or provided through external means, and contains one

that can be factored into V3C composition units. The first V3C composition unit in a
AP composition unit.

S consists of multiple V3C sub-bitstreams,»with each V3C sub-bitstream associ
fomponent. For each component, its first c¢orresponding V3C sub-bitstream shall
sponding IRAP sub-bitstream unit.

las sub-bitstreams the IRAP sub-bitstream unit corresponds to a coded atlas access u
ACL NAL has nal_unit_type in the fange of NAL_GBLA_W_LP to NAL_GBLA_N_LP, or is
L_GIDR_W_RADL to NAL_GIDRCN_LP, or is equal to NAL_GCRA, inclusive.

jdeo sub-bitstreams, the IRAP sub-bitstream unit is defined by the respective video

an be an IDR or a CRA"access unit as defined in that document.

nits with different'V3C unit headers may be decoded in parallel. V3C units with the sz
brs can be decoded as if the associated sub-bitstreams are concatenated in the order 1

[ bitstream in general contains multiple sub-bitstreams. Each sub-bitstream is par
itstream-composition units.

8.4.3

Byte alignment semantics

tlements are
rer activated
| constraints

tive VPS are

with a VPS,
bor more V3C
CVS shall be

ated with a
start with a

it for which
in the range

specification

is outside the scope of(this document. For example, for ISO/IEC 14496-10 an IRAP syb-bitstream

me V3C unit
eceived.

titioned into

alignment_bit_equal_to_one shall be equal to 1.

alignment_bit_equal_to_zero shall be equal to 0.

8.4.4

8.4.4

V3C parameter set semantics

.1 General V3C parameter set semantics

vps_v3c_parameter_set_id provides an identifier for the V3C VPS for reference by other syntax
elements. The value of vps_v3c_parameter_set_id shall be in the range of 0 to 15, inclusive.
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vps_reserved_zero_8bits, when present, shall be equal to 0 in bitstreams conforming to this edition of
this document. Other values for vps_reserved_zero_8bits are reserved for future use ISO/IEC. Decoders
shall ignore the value of vps_reserved_zero_8bits.

vps_atlas_count_minus1 plus 1 indicates the total number of supported atlases in the current
bitstream. The value of vps_atlas_count_minus1 shall be in the range of 0 to 63, inclusive.

vps_atlas_id[ k | specifies the ID of the atlas with index k. The value of vps_atlas_id[ k ] shall be in the
range of 0 to 63, inclusive. It is a requirement of bitstream conformance to this edition of this document
that the value of vps_atlas_id[ k | shall not be equal to vps_atlas_id[ j ] for all j I= k.

vps_frame_width[j] indicates the V3C frame width in terms of integer luma samples for the atlas with
atlas ID j. This frame width is the nominal width that is associated with all V3C components\far the
atlas with atjas ID j.

vps_frame_height[ j | indicates the V3C frame height in terms of integer luma samplés,for the|atlas
with atlas I} j. This frame height is the nominal height that is associated with all V3€ c¢omponenits for
the atlas with atlas ID j.

vps_map_cdunt_minus1| j ] plus 1 indicates the number of maps used for encoding the geometrly and
attribute dafa for the atlas with atlas ID j. vps_map_count_minusl1[ j ] shall’be’in the range of 0 fo 15,
inclusive.

vps_multiple_map_streams_present_flag[ j ] equal to 0 indicates thatall geometry or attribute maps
for the atlaswith atlas ID j are placed in a single geometry or attribute video stream, respectively} vps_
multiple_map_streams_present_flag[ j ] equal to 1 indicates thatlall geometry or attribute maps for the
atlas with atlas ID j are placed in separate video streams. Wheh vps_multiple_map_streams_predsent_
flag[j ] is nof present, its value shall be inferred to be equal té 0.

vps_map_absolute_coding_enabled_flag[j][i] equalto 1 indicates that the geometry map with jndex
i for the atlals with atlas ID j is coded without any fetm of map prediction. vps_map_absolute_coding_
enabled_flag[j][i]equal to 0 indicates that the geometry map with index i for the atlas with atlas [D j is
first predictgd from another, earlier coded, mapZprior to coding. If vps_map_absolute_coding_enabled_
flag[j][i] is|not present, its value shall be inferred to be equal to 1.

vps_map_predictor_index_diff[ j ][ i ]Nis used to compute the predictor of the geometry map| with
index i for the atlas with atlas ID j when vps_map_absolute_coding_enabled_flag[ j ][ i ] is equa] to O.
More specifically, the map predictor'index for map i, MapPredictorindex| i ], shall be computed as

MapPredictorindex][ i ] = (i~\1) - vps_map_predictor_index_diff[ j ][ i] (15)

The value of|lvps_map_predictor_index_diff[ j ][ i ] shall be in the range from 0 to i - 1, inclusive. When
vps_map_predictor_index_diff[j ][ i] is not present, its value shall be inferred to be equal to 0.

vps_auxiliary_video_present_flag| j ] equal to 1 indicates that additional information, i.e. infornjation
associated with RAW or EOM patch types for a patch in the atlas with atlas ID ] may be stored in a
separate video strearm, Teferte TaT g ' aglj]
equal to 0 indicates that addltlonal 1nformat10n ie. mformatlon assoc1ated with RAW or EOM patch
types, for a patch in the atlas with atlas ID j shall not be stored in the auxiliary video stream. When
vps_auxiliary_video_present_flag[ j | is not present, it is inferred to be equal to 0.

vps_occupancy_video_present_flag[ j ] equal to 0 indicates that the atlas with atlas ID j does not have
occupancy video data associated with it. vps_occupancy_video_present_flag[ j ] equal to 1 indicates that
the atlas with atlas ID j shall have occupancy video data associated with it. When vps_occupancy_video_
present_flag[ j ] is not present, it is inferred to be equal to 1.

vps_geometry_video_present_flag[ j ] equal to 0 indicates that the atlas with atlas ID j does not have
geometry video data associated with it. vps_geometry_video_present_flag[ j ] equal to 1 indicates that
the atlas with atlas ID j shall have geometry video data associated with it. When vps_geometry_video_
present_flag[ j ] is not present, it is inferred to be equal to 1.
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vps_attribute_video_present_flag[ j ] equal to 0 indicates that the atlas with atlas ID j does not have
attribute video data associated with it. vps_attribute_video_present_flag[ j ] equal to 1 indicates that
the atlas with atlas ID j shall have at least one or more attribute video data associated with it. When
vps_attribute_video_present_flag[ j ] is not present, it is inferred to be equal to 1.

vps_extension_present_flag equal to 1 specifies that the syntax element vps_extension_8bits is
present in the v3c_parameter_set( ) syntax structure. vps_extension_present_flag equal to 0 specifies
that the syntax element vps_extension_8bits is not present. vps_extension_present_flag shall be equal
to 0 in bitstreams conforming to this edition of this document.

vps_extension 8b1ts not equal to 0 specifies that the syntax element Vps extension length is present
i jies that the
be equal to
on_8bits are

syntx element Vps extens1on length mlnusl is not present Vps extens1on 8b1ts shall
0 in bitstreams conforming to this edition of this document. Other values of vps_extensi

reserved for future use by ISO/IEC.

VPS_( lements that

folloy

pxtension_length_minus1 plus 1 specifies the number of vps_extension.data_byte e
i this syntax element.

vps_é¢xtension_data_byte may have any value.

8.4.4]12 Profile, tier and level semantics

ptl_tler_flag specifies the tier context for the interpretation @f ptl_level_idc as specified infAnnex A.

ptl_profile_codec_group_idc indicates the codec group.profile component to which the CVS conforms

as sppcified in Annex A. Bitstreams shall not contain‘yalues of ptl_profile_codec_group_id
thosq specified in Annex A. Other values of ptl_profile_codec_group_idc are reserved for f
ISO/IEC.

ptl_prrofile_toolset_idc indicates the toolsetcombination profile component to which the G
as spkgcified in Annex A. Bitstreams shall net contain values of ptl_profile_toolset_idc othd
specified in Annex A. Other values of pthiprofile_toolset_idc are reserved for future use by

c other than
uture use by

VS conforms
r than those
[SO/IEC.

ptL

CVS i
recor
of pt
recor

ofile_reconstruction_idc indicates the reconstruction profile component to| which the
s recommended to conformito as specified in Annex A. Decoders may select to usg a different
struction profile than the' one indicated in the bitstream. Bitstreams shall not contain values
_profile_reconstruction_idc other than those specified in Annex A. Other values of ptl_profile_
struction_idc are reserved for future use by ISO/IEC.

this edition
by ISO/IEC.

ptLr
of th
Deco

pserved_zero_16bits, when present, shall be equal to 0 in bitstreams conforming ta
s document:-Other values for ptl_reserved_zero_16bits are reserved for future use
lers shallignore the value of ptl_reserved_zero_16bits.

ptl_r
editiq
ISO/T

psepved_Oxffff 16bits, when present, shall be equal to OXFFFF in bitstreams confoiming to this

n<ef this document. Other values for ptl_reserved_O0xffff 16bits are reserved for f]]ture use by

ptl_level_idc indicates a level to which the CVS conforms as specified in Annex A. Bitstreams shall not
contain values of ptl_level_idc other than those specified in Annex A. Other values of ptl_level_idc are
reserved for future use by ISO/IEC.

ptl_num_sub_profiles indicates the number of the ptl_sub_profile_idc[ i ] syntax elements.

ptl_extended_sub_profile_flag equal to 1 specifies that the ptl_sub_profile_idc[ i ] syntax elements, if
present, should be represented using 64 bits. ptl_extended_sub_profile_flag equal to 0 specifies that the
ptl_sub_profile_idc[ i ] syntax elements, if present, should be represented using 32 bits.

ptl_sub_profile_idc[ i | indicates the i-th interoperability metadata registered as specified by Rec.
ITU-T T.35, the content of which is not specified in this document. The number of bits used to represent
ptl_sub_profile_idc[ i ] is equal to (ptl_extended_sub_profile_flag==07? 32 : 64).
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ptl_toolset_constraints_present_flag equal to 1 specifies that an additional structure, profile_toolset_
constraints_information( ), is present in the bitstream. ptl_toolset_constraints_present_flag equal to 0
specifies that the structure profile_toolset_constraints_information( ) is not present.

8.4.4.3 Occupancy information semantics

oi_occupancy_codec_id[ j ] indicates the identifier of the codec used to compress the occupancy
information for the atlas with atlas ID j. oi_occupancy_codec_id[ j ] shall be in the range of 0 to 255,
inclusive. This codec may be identified through the profiles defined in Annex A, a component codec

mapping SEI

oi_lossy_oc
binary occu
compression

oi_occupan(
occupancy ¥
minusl[j ]

oi_occupang
with an atla
in Annex B.

8.4.4.4 Ge¢g
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message, or through means outside this document.

ancy from the decoded occupancy video for the atlas with atlas ID j. oi_lossy_oceup
_threshold[ j ] shall be in the range of 0 to 255, inclusive.

'y_2d_bit_depth_minusl1[ j ]| plus 1 indicates the nominal 2D bit depth'to whic
rideo for the atlas with atlas ID j shall be converted to. oi_occupancy_2d_bit_d

shall be in the range of 0 to 31, inclusive.

'y_MSB_align_flag[ j ] indicates how the decoded occupancy, video samples assoc
5 with atlas ID j are converted to samples at the nominal occupancy bit depth, as spe

ometry information semantics

y_codec_id[ j ] indicates the identifier of the codéc)used to compress the geometry
atlas with atlas ID j. gi_geometry_codec_id[ j ] shall be in the range of 0 to 255, incl

This codec may be identified through the profiles defined\inn Annex A, a component codec mappir

message, or

gi_geometr
videos for th
in the range

gi_geometr
an atlas wit
Annex B.
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coordinates
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compress th
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through means outside this document.

y_2d_bit_depth_minus1[j] plus 1 indicates the nominal 2D bit depth to which all geor
e atlas with atlas ID j shall be converted to. gi_geometry_2d_bit_depth_minus1[j ] sh
of 0 to 31, inclusive.

y_MSB_align_flag| j | indicates how the decoded geometry video samples associated
h atlas ID j are converted\té samples at the nominal geometry bit depth, as specif

y_3d_coordinates_bit_depth_minus1[ j | plus 1 indicates the bit depth of the geor
of the reconstrueted volumetric content for the atlas with atlas ID j. gi_geometr
bit_depth_minus1[ j ] shall be in the range of 0 to 31, inclusive.

_geometry_codec_id[ j ], when present, indicates the identifier of the codec us
e geometry video data sub-bitstreams, when RAW coded points are encoded in an aux
1 forthe atlas with atlas ID j. gi_auxiliary_geometry_codec_id][ j ] shall be in the rang

to 255, inclu

sive! This codec may be identified through the profiles defined in Annex A, a comp

iated
rified

video
1sive.
g SEI

netry
all be
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ed in

netry
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ed to
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codec mapping SEI message, or through means outside this document. When not present the va

gi_auxiliary_

geometry_codec_id[ j ] is inferred to be equal to gi_geometry_codec_id[j ].

8.4.4.5 Attribute information semantics

ue of

ai_attribute_count] j ] indicates the number of attributes associated with the atlas with atlas ID j. ai_
attribute_count[ j | shall be in the range of 0 to 127, inclusive.

ai_attribute_type_id[ j ][ i ] indicates the attribute type of the Attribute Video Data unit with index i
for the atlas with atlas ID j. Table 3 describes the list of supported attributes and their relationship with
ai_attribute_type_id[j][i].
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Table 3 — V3C attribute types

ai_attribute_type_id[j][i] Identifier Attribute type
0 ATTR_TEXTURE Texture
1 ATTR_MATERIAL_ID Material ID
2 ATTR_TRANSPARENCY Transparency
3 ATTR_REFLECTANCE Reflectance
4 ATTR_NORMAL Normals

5.14 ATTR_RESERVED Reserved

15 ATTR_UNSPECIEIED Unspecified

-5:2021(E)

ATTR

exampple, this may indicate an attribute that contains RGB (Red, Green, Blue) colourihform

ATTHR

_MATERIAL_ID indicates an attribute that contains supplemental inférmation th

the npaterial type of a point in a volumetric frame. For example, the material type coul

an in
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dicator for identifying an object or the characteristic of a point within a volumetri

_TRANSPARENCY indicates an attribute that contains transparency information that
pach point in a volumetric frame.

_REFLECTANCE indicates an attribute that containsreflectance information that }
pach point in a volumetric frame.

_NORMAL indicates an attribute that contains<a unit vector information associatg
in a volumetric frame. The unit vector specifies'the perpendicular direction to a surf:
irection a point is facing). An attribute frame with this attribute type shall have
hsion_minus1 equal to 2. Each channel ofan attribute frame with this attribute type
omponent of the unit vector (X, y, z),\where the first component contains the x co
d component contains the y coordiftate, and the third component contains the z coor

_UNSPECIFIED indicates an attribute that contains values that have no specified me
ment and will not have a spgéified meaning in the future as an integral part of this do

s indicated as ATTR_RESERVED are reserved for future use by ISO/IEC and shall ng
streams conforming to*this edition of this document. Decoders conforming to this e
ment should ignerevattribute sub-bitstreams with an attribute type a value ai_att
[ 1] equal to ATTR_RESERVED.

kribute_codec_id[ j ][ i | indicates the identifier of the codec used to compress the atf
vith index i for the atlas with atlas ID j. ai_attribute_codec_id[ j ][ i ] shall be in the

i

_TEXTURE indicates an attribute that contains texture information of a volumetric frame. For

ation.

at identifies
] be used as
c frame. The

bretation of the values of such attribute frame type is outside thescope of this documgent.

is associated
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ice at a point
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fument.

t be present
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ribute_type_

ribute video
range of 0 to

255, inclusive: This codec may be identified through the profiles defined in Annex A, a component codec
mapging SEI message, or through means outside this document.

ai_auxiliary_attribute_codec_id[ j ][ i ], when present, indicates the identifier of the codec used to
compress the attribute video data for RAW or EOM coded points, or both, of attribute i, when RAW
or EOM coded points, or both, are encoded in an auxiliary video stream for the atlas with atlas ID j.
ai_auxiliary_attribute_codec_id[ j ][ i ] shall be in the range of 0 to 255, inclusive. This codec may be
identified through the profiles defined in Annex A, a component codec mapping SEI message, or through
means outside this document. When not present the value of ai_auxiliary_attribute_codec_id[ j ][ i] is
inferred to be equal to ai_attribute_codec_id[j ][ i].

ai_attribute_map_absolute_coding_persistence_flag[ j ][ i ] equal to 1 indicates that all attribute
maps, for the attribute with index i, that correspond to the atlas with atlas ID j, are coded without any
form of map prediction. ai_attribute_map_absolute_coding_persistence_flag[j][ i ] equal to 0 indicates
that the attribute maps of the attribute with index i, that correspond to the atlas with atlas ID j, shall
use the same map prediction method as used for the geometry component of the atlas with atlas ID j. If
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ai_attribute_map_absolute_coding_persistence_flag[ j ][ i ] is not present, its value shall be inferred to
be equal to 1.

The 3D array AttributeMapAbsoluteCodingEnabledFlag, which indicates if a particular map of an
attribute is to be coded with or without prediction, is obtained as follows:

if( ai_attribute_map_absolute_coding_persistance_flag[j][i] == 1) {
for( k= 0; k < vps_map_count_minusl[j |; k++)
AttributeMapAbsoluteCodingEnabledFlag[j][i][ k] =1
}
else{
fo ~( k= n; k< vpc_m::p_r‘nnnt‘_minnc‘l [} ]' Lt )
AttributeMapAbsoluteCodingEnabledFlag[ j ][i][ k]
vps_map_absolute_coding_enabled_flag[j][i]

}

ai_attributg
of channels)
[i] shall be

_dimension_minus1[j ][ i] plus 1 indicates the total number of dimensions (i.e., number
of the attribute with index i, for the atlas with atlas ID j. ai_attribute_dimension_minufs1[j ]
n the range of 0 to 63, inclusive.

ai_attributd
which the at
in. ai_attribu

_dimension_partitions_minus1[j ][ i] plus 1 indicates the nuimber of partition groyps in
fribute channels of the attribute with index i, for the atlas with\atlas ID j, should be grduped
te_dimension_partitions_minus1[j ][ i ] shall be in the range-6f 0 to 63, inclusive.

ai_attribute
to the dimen

_partition_channels_minus1[ k][ i][j] plus 1 indicates the number of channels ass
sion partition group with index j, of the attribute with index i, for the atlas with atlas

gned
ID k.

ai_attribute]
minus1[ k][

ai_attribute
attribute vi
bit_depth_

ai_attribute
index i, for
specified in |

partition_channels_minus1[ k ][ i][j ] shall be imthe range of 0 to ai_attribute_dimen
i ], inclusive, for all dimension partition groups.

_2d_bit_depth_minus1[j ][ i ] plus 1 indicates the nominal 2D bit depth to which a
eos with attribute index i, for the atlas with atlas ID j, shall be converted to. ai_attribut
inusl1[j ][ i] shall be in the range of 0.to 31, inclusive.

_MSB_align_flag[ j ][ i ] indicateshow the decoded attribute video samples with attr
he atlas with atlas ID j, are converted to samples at the nominal attribute bit dep
Annex B.

8.4.4.6 Pr

ptc_one_v3¢
indicated by
v3c_frame_qg

ptc_eom_co
be equal to (

pfile toolset constraints information semantics

nly_flag isinferred to be equal to 0.

nstraint-flag equal to 1 specifies that the parameter asps_eom_patch_enabled_flag
. pt€_eom_constraint_flag equal to 0 does not impose a constraint. When not present

sion

11 the
b 2d_

ibute
th, as

_frame_only_flag,) when present, has semantics specified in Annex A, where the pjrofile
ptl_profile_pcc-toolset_idc is a profile specified in Annex A. When not present, ptc|

one_

shall
, ptc

eom_constra

int flag is inferred to be equal to 0.

ptc_max_map_count_minus1 specifies that vps_map_count_minus1 shall be less than or equal to ptc_
max_map_count_minusl. When not present, ptc_max_map_count_minus] is inferred to be equal to 15.

ptc_max_atlas_count_minus1 specifies that vps_atlas_count_minus1 shall be less than or equal to ptc_
max_atlas_count_minusl. When not present, ptc_max_atlas_count_minusl1 is inferred to be equal to 63.

ptc_multiple_map_streams_constraint_flag equal to 1 specifies that vps_multiple_map_streams_
present_flag shall be equal to 0. ptc_multiple_map_streams_constraint_flag equal to 0 does not impose
a constraint. When not present, ptc_multiple_map_streams_constraint_flag is inferred to be equal to 0.

ptc_plr_constraint_flag equal to 1 specifies that asps_plr_enabled_flag shall be equal to 0. ptc_plr_
constraint_flag equal to 0 does not impose a constraint. When not present, ptc_plr_constraint_flag is
inferred to be equal to 0.
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ptc_attribute_max_dimension_minus1 specifies that ai_attribute_dimension_minusl shall be
less than or equal to ptc_attribute_max_dimension_minusl. When not present, ptc_attribute_max_
dimension_minusl is inferred to be equal to 63.

ptc_attribute_max_dimension_partitions_minus1 specifies that ai_attribute_dimension_partitions_
minusl shall be less than or equal to ptc_attribute_max_dimension_partitions_minusl. When not
present, ptc_attribute_max_dimension_partitions_minus1 is inferred to be equal to 63.

ptc_no_eight_orientations_constraint_flag equal to 1 specifies that asps_use_eight_orientations_flag
shall be equal to 0. ptc_no_eight_orientations_constraint_flag equal to 0 does not impose a constraint.

When not present, ptc_no_eight_orientations_constraint_flag is inferred to be equal to 0.

ptc_4
proje

ptc_4
prese

ptc_n
Othel
in bit
docu

ptc_n
valué
docu
and s
to thil

ptc_x
confa
of thi

8.4.5

8.4.5

Num
of th
of Nu
form

NOTH
is spe
variet

5degree_no_projection_patch_constraint_flag equal to 1 specifies that asp
ction_enabled_flag shall be equal to 0.

s_extended_

5degree_no_projection_patch_constraint_flag equal to 0 does not impose a{eonistraint. When not

nt, ptc_45degree_no_projection_patch_constraint_flag is inferred to be equal to 0.

eserved_zero_6bits shall be equal to 0 in bitstreams conforming to this'edition of th

values of ptc_reserved_zero_6bits are reserved for future use by ISO/IEC and shall n
streams conforming to this edition of this document. Decoders’ conforming to this e
ment shall ignore values of ptc_reserved_zero_6bits other thain 0

um_reserved_constraint_bytes specifies the number.6f the reserved constrain
of ptc_num_reserved_constraint_bytes shall be 0 in bitstreams conforming to this e
ment. Other values of ptc_num_reserved_constraint/bytes are reserved for future us
hall not be present in bitstreams conforming to this edition of this document. Decoder
s edition of this document shall ignore values of ptc_num_reserved_constraint_bytes

is document.
bt be present
Hition of this

[ bytes. The
dition of this
e by ISO/IEC
5 conforming
bther than 0.

eserved_constraint_byte[ i | may have any value. Its presence and value do not affect decoder

rmance to profiles specified in this edition of this document. Decoders conforming tq
s document shall ignore the values of all the ptc_reserved_constraint_byte[ i | syntax

NAL unit semantics

1 General NAL unit semdntics

BytesInNalUnit specifies the size of the NAL unit in bytes. This value is required

this edition
elements.

for decoding

e NAL unit. Some-form of demarcation of NAL unit boundaries is necessary to enalle inference

mBytesInNalUnit-One such demarcation method is specified in Annex D for the sa
it. Other methods of demarcation can be specified outside this document.

1 Theatlas coding layer (ACL) is specified to efficiently represent the content of the patch
cified £osformat that data and provide header information in a manner appropriate for cor
y of communication channels or storage media. All data are contained in NAL units, each of w

mple stream

Hata. The NAL
veyance on a
hich contains

an int

egeznumber of bytes. A NAL unit specifies a generic format for use in both packet-oriented

nd bitstream

syste

s, Thre formmatof NALumits for bothrpacketortentedtramsportamd sampte streants s idemntical except that
in the sample stream format specified in Annex D each NAL unit can be preceded by an additional element that
specifies the size of the NAL unit.

rbsp_byte[ i ] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as
follows:

The RBSP contains a string of data bits (SODB) as follows:

If the SODB is empty (i.e., zero bits in length), the RBSP is also empty.

Otherwise, the RBSP contains the SODB as follows:

© ISO/IEC 2021 - All rights reserved

57


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

1) The
the
bits

2) The

i)

ii)

iii)

Syntax stru

first byte of the RBSP contains the first (most significant, left-most) eight bits of the SODB;
next byte of the RBSP contains the next eight bits of the SODB, etc., until fewer than eight
of the SODB remain.

rbsp_trailing_bits( ) syntax structure is present after the SODB as follows:

The first (most significant, left-most) bits of the final RBSP byte contain the remaining bits
of the SODB (if any).

The next bit consists of a single bit equal to 1 (i.e., rbsp_stop_one_bit).

When the rbsp_stop_one_bit is not the last bit of a byte-aligned byte, one or more bits equal
to 0 (1.e. Instances of rbsp_alignment_zero_bit) are present to result in byte alignmenit.

rtures having these RBSP properties are denoted in the syntax tables using'an”" frbsp”

suffix. Thesq structures are carried within NAL units as the content of the rbsp_byte[ i ] data’bytes. The

association

NOTE2 W
concatenatin

f the RBSP syntax structures to the NAL units is as specified in Table 4.

nen the boundaries of the RBSP are known, the decoder can extract the SQDB from the RSP by
b the bits of the bytes of the RBSP and discarding the rbsp_stop_one_bit,|which is the last|(least

significant, right-most) bit equal to 1, and discarding any following (less significafityfarther to the righf) bits

that follow it,
the RBSP.

8.4.5.2 NAL unit header semantics

nal_forbidden_zero_bit shall be equal to 0.

nal_unit_ty
Table 4.

NAL units t

which semantics are not specified, shall not affect'the decoding process specified in this documeni.

which are equal to 0. The data necessary for the decoding process is'¢ontained in the SODB part of

be specifies the type of the RBSP data structure contained in the NAL unit as specifled in

hat have nal_unit_type in the range oft NAL_UNSPEC_53..NAL_UNSPEC_63, inclusivg, for

NOTE 1 NAL unit types in the range of NAL_UNSPEC_53..NAL_UNSPEC_63 can be used as determined by the
application. No decoding process for these values of nal_unit_type is specified in this document. Since different

applications

an use these NAL unit types-for different purposes, particular care is expected in the deslign of

encoders thatjgenerate NAL units with these nal_unit_type values, and in the design of decoders that interpiet the

content of N

L units with these nal_unit“type values. This document does not define any management for|these

values. Theselnal_unit_type values ‘tould only be suitable for use in contexts in which "collisions" of usagg (i.e.,
different definitions of the meaning of the NAL unit content for the same nal_unit_type value) are unimpdrtant,
or not possiblg, or are managed, e-g. defined or managed in the controlling application or transport specifidation,

or by controllfng the envirofiment in which bitstreams are distributed.

For purposels other than determining the amount of data in the decoding units of the bitstream (as

specified in

of all NAL units that use reserved values of nal_unit_type.

Annex:D), decoders shall ignore (i.e. remove from the bitstream and discard) the corntents

NOTE 2  This requirement allows future definition of compatible extensions to this document.

Table 4 — NAL unit type codes and NAL unit type classes

nal_unit_type | Name of nal_unit_type |Content of NAL unit and RBSP syntax structure NAL unit
type class
0 NAL_TRAIL_N Coded tile of a non-TSA, non STSA trailing atlas ACL
1 NAL_TRAIL_R frame
atlas_tile_layer_rbsp()
2 NAL_TSA_N Coded tile of a TSA atlas frame ACL
3 NAL_TSA_R atlas_tile_layer_rbsp()
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Table 4 (continued)
nal_unit_type | Name of nal_unit_type |Content of NAL unit and RBSP syntax structure NAL unit
type class

4 NAL_STSA_N Coded tile of a STSA atlas frame ACL

5 NAL_STSA_R atlas_tile_layer_rbsp()

6 NAL_RADL_N Coded tile of a RADL atlas frame ACL

7 NAL_RADL_R atlas_tile_layer_rbsp()

8 NAL_RASL_N Coded tile of a RASL atlas frame ACL

Q NAL_RASI_R atlas_tile_layer rhsp()

10 NAL_SKIP_N Coded tile of a skipped atlas frame ACL

11 NAL_SKIP_R atlas_tile_layer_rbsp()

12 NAL_RSV_ACL_N12 Reserved non-IRAP sub-layer non-referencé ACL ACL

14 NAL_RSV_ACL_N14 NAL unit types

13 NAL_RSV_ACL_R13 Reserved non-IRAP sub-layer referenice ACL NAL ACL

15 NAL_RSV_ACL_R15 unit types

16 NAL_BLA_W_LP Coded tile of a BLA atlas frame/that is nota GBLA ACL

17 NAL_BLA_W_RADL .

18 NAL_BLA N_LP atlas_tile_layer_rbsp()

19 NAL_GBLA_W_LP Coded tile of a GBLA-atlas frame ACL

20 NAL_GBLA_W_RADL .

21 NAL GBLA N_LP atlas_tile_layer-thsp()

22 NAL_IDR_W_RADL Coded tilecof an IDR atlas frame that is not a GIDR ACL

23 NAL_IDR_N_LP atlas_tileTayer_rbsp()

24 NAL_GIDR_W_RADL Codédtile of a GIDR atlas frame ACL

25 NAL_GIDR_N_LP atlas_tile_layer_rbsp()

26 NAL_CRA Coded tile of a CRA atlas frame that is nota GCRA ACL
atlas_tile_layer_rbsp()

27 NAL_GCRA Coded tile of a GCRA atlas frame ACL
atlas_tile_layer_rbsp()

28 NAL_RSVMRAP_ACL_28 |Reserved IRAP ACL NAL unit types ACL

29 NAL(RSV_IRAP_ACL_29

30..35 NAL_RSV_ACL_30.. Reserved non-IRAP ACL NAL unit types ACL
NAL_RSV_ACL_35

36 NAL_ASPS Atlas sequence parameter set non-ACL
atlas_sequence_parameter_set_rbsp( )

37 NAL_AFPS Atlas frame parameter set non-ACL
atlas_frame_parameter_set_rbsp( )

38 NAL_AUD Access unit delimiter non-ACL
access_unit_delimiter_rbsp()

39 NAL_V3C_AUD V3C access unit delimiter non-ACL
access_unit_delimiter_rbsp()

40 NAL_EOS End of sequence non-ACL
end_of_seq_rbsp()

41 NAL_EOB End of bitstream non-ACL
end_of_atlas_sub_bitstream_rbsp()
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Table 4 (continued)
nal_unit_type | Name of nal_unit_type |Content of NAL unit and RBSP syntax structure NAL unit
type class
42 NAL_FD Filler non-ACL
filler_data_rbsp()
43 NAL_PREFIX_NSEI Non-essential supplemental enhancement non-ACL
44 NAL_SUFFIX_NSEI . : .
information sei_rbsp( )
45 NAL_PREFIX_ESEI Essential supplemental enhancement information non-ACL
46 NAL_SUFFIX_ESEI sei_rbsp()
47 NAL_AAPS Atlas adaptation parameter set non-ACL
atlas_adaptation_parameter_set_rbsp()
48..52 NAL_RSV_NACL_48 Reserved non-ACL NAL unit types fhon-ACL
NAL_RSV_NACL_52
53..63 NAL_UNSPEC_53 Unspecified non-ACL NAL unit types non-ACL
NAL_UNSPEC_63
NOTE3 A ¢lean random access (CRA) atlas frame can have associated random access skipped leading (RASL)

or random ac

NOTE4 A

GBLA_W_LP, ¢
nal_unit_typd
present in thq
nal_unit_typsd
in the bitstre3

NOTE5  An
or NAL_GIDR
having nal_u
frames prese

All coded til
an access un
NAL units of

If an atlas f1
NAL_RASL_
Otherwise, t|

If an atlas fr
the range of
between the

Fess decodable leading (RADL) atlas frames present in the bitstream:

broken link access (BLA) atlas frame having nal_unit_type'€qual to NAL_BLA_'W_LP or
an have associated RASL or RADL atlas frames present in the bitstream. A BLA atlas frame h
equal to NAL_BLA_W_RADL or NAL_GBLA_W_RADL, does'not have associated RASL atlas f
bitstream, but can have associated RADL atlas framesin the bitstream. A BLA atlas frame
equal to NAL_BLA_N_LP or NAL_GBLA_N_LP, does not have associated leading atlas frames p
pm.

instantaneous decoding refresh (IDR) atlas frame having nal_unit_type equal to NAL_IDR
| N_LP, does not have associated leading atlas‘frames present in the bitstream. An IDR atlas
it_type equal to NAL_IDR_W_RADL or NAL_GIDR_W_RADL, does not have associated RASI
tin the bitstream, but can have associated RADL atlas frames in the bitstream.

e NAL units of an access unit shall have the same value of nal_unit_type. An atlas fra
it is also referred to as having a nal_unit_type equal to the nal_unit_type of the codd
the atlas frame or the aecess unit.

ame has nal_unit_type’equal to NAL_TRAIL_N, NAL_TSA_N, NAL_STSA_N, NAL_RA
N, NAL_RSV_ACL-N12, or NAL_RSV_ACL_N14, the atlas frame is an SLNR atlas f
he atlas frame is a sub-layer reference atlas frame.

hme has nal_unit_type equal to NAL_GIDR_W_RADL, NAL_GBLA_N_LP, or NAL_GCRA,
NAL_GBLDA_W_LP to NAL_GBLA_N_LP, inclusive, it specifies a random access assoc
currentcoded atlas and the corresponding coded video frames at the same composition|

NAL_
aving
fames
aving
resent

| N_LP
frame
atlas

me or
d tile

DL_N,
fame.

or in
ation
time.

Each atlas fT]

phie; other than the first atlas frame in the bitstream in decoding order, is considered

to be

associated with the previous intra random access point (IRAP) atlas frame in decoding order.

When an atlas frame is a leading atlas frame, it shall be a RADL or RASL atlas frame.

When an atlas frame is a trailing atlas frame, it shall not be a RADL or RASL atlas frame.

When an atlas frame is a leading atlas frame, it shall precede, in decoding order, all trailing atlas frames
that are associated with the same IRAP coded atlas frame.

No RASL atlas frames shall be present in the bitstream that are associated with a BLA atlas frame
having nal_unit_type equal to NAL_BLA_W_RADL or NAL_BLA_N_LP.

No RASL atlas frames shall be present in the bitstream that are associated with a GBLA atlas frame
having nal_unit_type equal to NAL_GBLA_W_RADL or NAL_GBLA_N_LP.
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No RASL atlas frames shall be present in the bitstream that are associated with an IDR atlas frame.

No RADL atlas frames shall be present in the bitstream that are associated with a BLA atlas frame
having nal_unit_type equal to NAL_BLA_N_LP or NAL_GBLA_N_LP, an IDR atlas frame having nal_unit_
type equal to NAL_IDR_N_LP or NAL_GIDR_N_LP.

NOTE 6 Itis possible to perform random access at the position of an IRAP coded atlas access unit by discarding
all access units before the IRAP coded atlas access unit (and to correctly decode the IRAP coded atlas frame and
all the subsequent non-RASL atlas frames in decoding order), provided each parameter set is available (either in
the bitstream or by external means not specified in this document) when it needs to be activated.

Any RASL atlas frame associated with a CRA or BLA atlas frame shall precede any RADL atlas frame

assodiated with the CRA or ELA atlas frame In output order.

Any RASL atlas frame associated with a CRA atlas frame shall follow, in output order)any
atlasfframe that precedes the CRA atlas frame in decoding order.

A nall unit_type equal to NAL_V3C_AUD that is associated with a particulancatlas frame
all oytput V3C component frames, if present in their corresponding sub-hifstreams, and t
same|output time order as the atlas frame j, shall have the same decodingorder, while adg
missing frames in each sub-bitstream, as that of the atlas frame.

NOTE

type ¢
differ]

7
qual to NAL_V3C_AUD, in which case all V3C sub-bitstreams ifieltuding sub-bitstreams that
ent maps will be aligned in both decoding order and output time.

NOTE
that t
corre

descr
m an ACL NAL unit of an atlas with atlas ID equal to atlasID, with decoding ti
ingTime, and composition time equalito’compTime, is of nal_unit_type equal to NAL |
GBLA_W_RADL, NAL_GBLA_N_LP; NAL_GIDR_W_RADL, or NAL_GIDR_N_LP, there is
iated video frame unit in each video sub-bitstream that has decoding time and comy
equal to decodingTime and compTiimne, respectively. Such video frame units shall also be
appr¢priate intra random access-point types as specified by their respective video coding s
Such fintra random access pointitypes are outside the scope of this document. These ACL N|

8
his missing frame is virtually present in its sub-bitstream and has the same decoding ordg
bponding frames in the other sub-bitstreams. This frame can then be generated using suc
bed in Annex B.

Whe
deco
NAL |
assod

IRAP coded

means that
hat have the
counting for

An application can specify that all atlas frames in a V3C géquence are delimited usifg a nal_unit_

rorrespond to

If a frame in a sub-bitstream is missing, and a.NAL_V3C_AUD is encountered, it ca be assumed

r as all other
h methods as

me equal to
GBLA_W_LP,
at least one
osition time
coded using
pecification.
AL units can

be used with their associated Video frame units, after decoding, to reconstruct a volumetrigc frame with

complosition time equalst@~compTime. Assignment of decoding time decodingTime to atl{
and tp data of a video.Sub-bitstream is outside the scope of this document.

NOTH9 Decodingtime can be provided by the ISO base media file format for a V3C bitstream d
IEC DIS 23090-10;

nal_lpyer-id-specifies the identifier of the layer to which an ACL NAL unit belongs or t
of a layér-to which a non-ACL NAL unit applies. The value of nal_layer_id shall be in th

s NAL units

efined in ISO/

he identifier
e range of 0

to 62, inclusive. The value of 63 may he specified in the future by ISQ/IEC. For purpose)

s other than

determining the amount of data in the decodlng units of the bitstream, decoders shall ignore all data
that follow the value 63 for nal_layer_id in a NAL unit, and decoders conforming to a profile specified
in Annex A shall ignore (i.e., remove from the bitstream and discard) all NAL units with values of nal_
layer_id not equal to 0.

NOTE 10 The value of 63 for nal_layer_id can be used to indicate an extended layer identifier in a future
extension of this document.

The value of nal_layer_id shall be the same for all ACL NAL units of a coded atlas frame. The value of
nal_layer_id of a coded atlas frame is the value of the nal_layer_id of the ACL NAL units of the coded
atlas frame.

When nal_unit_type is equal to NAL_EOB, the value of nal_layer_id shall be equal to 0.
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nal_temporal_id_plus1l minus 1 specifies a temporal identifier for the NAL unit. The value of nal_
temporal_id_plus1 shall not be equal to 0.

The variable TemporallD is specified as follows:

TemporallD = nal_temporal_id_plusl - 1 (16)
When nal_unit_type is in the range of NAL_BLA_W_LP to NAL_RSV_IRAP_ACL29, inclusive, i.e., the
coded tile belongs to an IRAP coded atlas frame, TemporallD shall be equal to 0.

When nal_unit_type is equal to NAL_TSA_R or NAL_TSA_N, TemporallD shall not be equal to 0.

When nal_layer_id is equal to 0 and nal_unit_type is equal to NAL_STSA_R or NAL_STSA_N, TempdrallD
shall not be ¢qual to 0.

The value of TemporallD shall be the same for all ACL NAL units of an access unity.The value of
TemporallD pf a coded atlas frame or an access unit is the value of the TemporallD of the ACL NAL|units
of the coded|atlas frame or the access unit. The value of TemporallD of a sub-layer.representation fis the
greatest valie of TemporallD of all ACL NAL units in the sub-layer representatiofy

The value of|TemporallD for non-ACL NAL units is constrained as follows:

— If nal_utLit_type is equal to NAL_ASPS, TemporallD shall be equal-te-0 and the TemporallD ¢f the
access upnit containing the NAL unit shall be equal to 0.

— Otherwise, if nal_unit_type is equal to NAL_EOS or NAL_EOB; TemporallD shall be equal to 0.

— Otherwise, if nal_unit_type is equal to NAL_AUD, NAL_V3C_AUD, or NAL_FD, TemporallD shpll be
equal to[the TemporallD of the access unit containing the NAL unit.

- Otherwise, TemporallD shall be greater than or equal to the TemporallD of the access unit contdining
the NAL|unit.

NOTE 11 When the NAL unit is a non-ACL NAL uhit; the value of TemporallD is equal to the minimum vdlue of
the Temporal[D values of all access units to which the non-ACL NAL unit applies. When nal_unit_type is equal to
NAL_AFPS, T¢mporallD can be greater than er equal to the TemporallD of the containing access unit, as alf atlas
frame paramgter sets (AFPSs) can be included in the beginning of a bitstream, wherein the first coded atlas frame
has TemporallD equal to 0. When nal_uhit type is equal to NAL_PREFIX_NSEI, NAL_PREFIX_ESEI, NAL_SUFFIX_
NSEI or NAL JSUFFIX_ESEI, TemporaliD can be greater than or equal to the TemporallD of the containing access
unit, as an SE|] NAL unit can contain\information, e.g., in a buffering period SEI message or an atlas frame tfiming
SEI message, [that applies to a bitstream subset that includes access units for which the TemporallD valugs are
greater than fhe TemporallD of the access unit containing the SEI NAL unit.

8.4.5.3 Onder of NAL units and atlas frames and association to coded atlas frames, access units
and coded atlas seqgiiences

8.4.5.3.1 eneral

This subclause specifies constraints on the order of NAL units and atlas frames in the atlas sub-
bitstream.

Any order of NAL units in the atlas sub-bitstream obeying these constraints is referred to in the text as
the decoding order of NAL units. Within a NAL unit, the syntax in subclause 8.3, specifies the decoding
order of syntax elements. Decoders shall be capable of receiving NAL units and their syntax elements in
decoding order.
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8.4.5.3.2 Order of AAPS, ASPS and AFPS RBSPs and their activation

This subclause specifies the activation process of atlas adaptation parameter sets (AAPSs), atlas
sequence parameter sets (ASPSs) and atlas frame parameter sets (AFPSs).

NOTE The AAPS, ASPS and AFPS mechanism decouples the transmission of infrequently changing
information from the transmission of coded atlas data. AAPSs, ASPSs and AFPSs can, in some applications, be
conveyed "out-of-band".

An AAPS RBSP includes parameters that can be referred to by the coded tile NAL units of one or more
coded atlas frames. Each AAPS RBSP is initially considered not active for any atlas at the start of the
operation of the decoding process. At most one AAPS RBSP is considered active for each atlas at any

given
RBSH
parti

moment during the operation of the decoding process, and the activation of any par
for a particular atlas results in the deactivation of the previously active AAPS H
Cular atlas.

Whem an AAPS RBSP (with a particular value of aaps_atlas_adaptation_parameter_set_id)

for a
valué
value
the a
of the
varia
throu
valug
its ac
Temp
activ

Any
AAPS
code

particular atlas and is referred to by a coded tile NAL unit with nal_layer_id equal

of ath_atlas_adaptation_parameter_set_id equal to the aaps_atlas.adaptation_para
, it is then activated. This AAPS RBSP is called the active AAPS-RBSP until it is de
Ctivation of another AAPS RBSP. Let the variable aapsAtlasID Be‘either set equal to

AAPS RBSP or determined through external means if the V3C\init header is unavai
ble activatingAtlasID be either set equal to vuh_atlas_id of the coded tile NAL unit o
gh external means if the V3C unit header is unavailable’ An AAPS RBSP, with th
of aaps_atlas_adaptation_parameter_set_id, shall be @vailable to the decoding pro
tivation, included in at least one coded atlas access-uhit with TemporallD less than o
orallD of the AAPS NAL unit or provided through-vexternal means, aapsAtlasID shal
ntingAtlasID, and the AAPS NAL unit containing the AAPS RBSP shall have nal_layer_i

AAPS NAL unit containing the value of @aps_atlas_adaptation_parameter_set_id fa
RBSP for a coded atlas frame shall have'the same content as that of the active AAPS
atlas frame, unless it follows the lasttACL NAL unit of the coded atlas frame and prec

ACL NAL unit of another coded atlas frante.

An AFPS RBSP includes parametersithat can be referred to by the coded tile NAL units of]

code
operg
given

RBSH

parti

atlas frames. Each AFPS RBSP is initially considered not active for any atlas at thg
tion of the decoding process. At most one AFPS RBSP is considered active for each|
moment during the operation of the decoding process, and the activation of any par
for a particular_atlas results in the deactivation of the previously active AFPS H
Cular atlas.

When an AFPS_RBSP (with a particular value of afps_atlas_frame_parameter_set_id) {

for a
a val
it is

ricular AAPS
YBSP for the

is not active
to 0 (using a
meter_set_id
activated by
vuh_atlas_id
able. Let the
determined
it particular
Cess prior to
equal to the
| be equal to
d equal to 0.

r the active
RBSP for the
bdes the first

one or more
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atlas at any
ticular AFPS
BSP for the

s not active

particular<atlas and is referred to by a coded tile NAL unit with nal_layer_id equa
1e of ath-atlas_frame_parameter_set_id equal to the afps_atlas_frame_parameter_
then activated. This AFPS RBSP is called the active AFPS RBSP until it is deacti
htidm of another AFPS RBSP. Let the variable afpsAtlasID be either set equal to vu
€ader 1S unavai

to 0 (using
et_id value),
ated by the
_atlas_id of
able. Let the

8
variable activatingAtlasID be either set equal to vuh_atlas_id of the coded tile NAL unit or determined
through external means if the V3C unit header is unavailable. An AFPS RBSP, with that particular value
of afps_atlas_frame_parameter_set_id, shall be available to the decoding process prior to its activation,
included in at least one coded atlas access unit with TemporallD less than or equal to the TemporallD of
the AFPS NAL unit or provided through external means, afpsAtlasID shall be equal to activatingAtlasID,
and the AFPS NAL unit containing the AFPS RBSP shall have nal_layer_id equal to 0.

Any AFPS NAL unit containing the value of afps_atlas_frame_parameter_set_id for the active AFPS
RBSP for a coded atlas frame shall have the same content as that of the active AFPS RBSP for the coded
atlas frame, unless it follows the last ACL NAL unit of the coded atlas frame and precedes the first ACL
NAL unit of another coded atlas frame.
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An ASPS RBSP includes parameters that can be referred to by one or more AFPS RBSPs. Each ASPS RBSP
is initially considered not active at the start of the operation of the decoding process. At most one ASPS
RBSP is considered active at any given moment during the operation of the decoding process, and the
activation of any particular ASPS RBSP results in the deactivation of the previously active ASPS RBSP.

When an ASPS RBSP (with a particular value of asps_atlas_sequence_parameter_set_id) is not
already active for a particular atlas and it is referred to by activation of an AFPS RBSP (in which
afps_atlas_sequence_parameter_set_id is equal to the asps_atlas_sequence_parameter_set_id value
with afpsAtlasID set equal to vuh_atlas_id or determined through external means), it is activated for
the particular atlas. This ASPS RBSP is called the active ASPS RBSP for the particular atlas until it is
deactivated by the activation of another ASPS RBSP for the particular atlas. Let the variable aspsAtlasID

be either set

unavailable.
determined
particular v
prior to its

through extg
RBSP shall h
atlas sequen|
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atlas_sequer
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Let the variable activatingAtlasID either be set equal to vuh_atlas_id of the coded"\t
through external means if the V3C unit header is unavailable. An ASPS RBSPE, wit}
hlue of asps_atlas_sequence_parameter_set_id, shall be available to the decoding pr
hctivation, included in at least one access unit with TemporallD equal te-0" or pro
rnal means, aspsAtlasID equal to activatingAtlasID, and the NAL unit céntaining the
ave nal_layer_id equal to 0. An activated ASPS RBSP shall remain active-for the entire ¢
ce (CAS).

AL unit with any aspsAtlasID value and nal_layer_id equal to 0-eontaining the value of
ce_parameter_set_id for the active ASPS RBSP for a CAS_shall have the same conte
ctive ASPS RBSP for the CAS, unless it follows the last access unit of the CAS and pre
NAL unit of another CAS.

[ variables derived from those syntax elements‘in AAPSs, ASPSs, AFPSs, and other s
e expressions of constraints that apply only:to the active AAPS RBSP, the active
e active AFPS RBSP. If any AAPS RBSP, ASPS*RBSP and AFPS RBSP is present that is
the bitstream, its syntax elements shall rave values that would conform to the spe
f it was activated by reference in an otherwise conforming bitstream.

htion of the decoding process (seé Clause 9), the values of parameters of the active
tive ASPS RBSP, and the activelAFPS RBSP are considered in effect. For interpretat
5, the values of the active AARS RBSP, the active ASPS RBSP, and the active AFPS RB}
h of the decoding process-for the ACL NAL units of the coded atlas frame with nal_lay
the same access unit are-considered in effect unless otherwise specified in the SEI me

Drder of access-units (AUs) and association to CASs
conforming to this document consists of one or more CASs.

bts of one or more access units. The order of NAL units and coded atlas frames, and
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The first access unit of a CAS is an IRAP coded atlas access unit with NoOutputBeforeRecoveryFlag

equal to 1.

It is a requirement of bitstream conformance that, when present, the next access unit after an access
unit that contains an end of sequence NAL unit or an end of a bitstream NAL unit shall be an IRAP coded
atlas access unit, which may be an IDR access unit, a BLA access unit, or a CRA access unit.

8.4.5.3.4 Order of NAL units and coded atlas frames and their association to access units

This subclause specifies the order of NAL units and coded atlas frames and their association to access
units for CASs that belong to a CVSs that conform to one or more of the profiles specified in Annex A and
that are decoded using the decoding process specified in Clauses 2 through 9.
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An access unit consists of one coded atlas with nal_layer_id equal to 0, zero or more ACL NAL units with
nal_layer_id greater than 0, and zero or more non-ACL NAL units. The association of ACL NAL units to
coded atlases is described in subclause 8.4.5.3.5.

The first access unit in the bitstream starts with the first NAL unit of the bitstream.

Let firstBIAFrmNalUnit be the first ACL NAL unit of a coded atlas frame with nal_layer_id equal to 0.
The first of any of the following NAL units preceding firstBIAFrmNalUnit and succeeding the last ACL
NAL unit preceding firstBIAFrmNalUnit, if any, specifies the start of a new access unit:

NOTE1 The last ACL NAL unit preceding firstBIAFrmNalUnit in decoding order can have nal_layer_id
greater than 0.

ccess unit delimiter or V3C access unit delimiter NAL unit with nal_layer_id equal to 0 (when
resent),

a
¢

— AAPS NAL unit with nal_layer_id equal to 0 (when present),
ASPS NAL unit with nal_layer_id equal to 0 (when present),
A

FPS NAL unit with nal_layer_id equal to 0 (when present),

|
-

refix SEI NAL unit with nal_layer_id equal to 0 (when present),

— NAL units with nal_unit_type in the range of NAL_RSY™NACL_48..NAL_RSV_NACL_$2 with nal_
hyer_id equal to 0 (when present),

fu—

— NAL units with nal_unit_type in the range of NALSUNSPEC_53..NAL_UNSPEC_63 with| nal_layer_id
qual to 0 (when present).

D

NOTH2  The first NAL unit preceding firstBIAFrmNalUnit and succeeding the last ACL NAL unit preceding
firstBJAFrmNalUnit, if any, can only be one of the.abeve-listed NAL units.

When there is none of the above NAL units preceding firstBIAFrmNalUnit and succeeding|the last ACL
NAL preceding firstBIAFrmNalUnit, if any, firstBIAFrmNalUnit starts a new access unit.

The ¢rder of the coded atlas frames and non-ACL NAL units within an access unit shiall obey the
following constraints:

— When an access unit delimiter or a V3C access unit delimiter NAL unit with nal_layer_id equal to 0 is
dresent, it shall be the first NAL unit. There shall be at most one access unit delimiter dr V3C access
nit delimiter NALunit with nal_layer_id equal to 0 in any access unit.

o

Vhen any ASPS NAL units, AAPS NAL units, AFPS NAL units, prefix SEI NAL units, NAL units with
al_unit_typ€ in the range of NAL_RSV_NACL_48..NAL_RSV_NACL_50, or NAL units wifith nal_unit_
ype in_the range of NAL_UNSPEC_53..NAL_UNSPEC_57 are present, they shall not follow the last
CL NAL unit of the access unit.

o~ Sl il Il

AP st ot s ol ot ez Ao 1o NAT TN NAT CITDDTY NCET N SEI r 'n th
YD UTrcS rav g rdar o Cy PO OaT COTINIYL T U, INIXLT TI1I oL oril e

L
range of NAL_RSV_NACL_51..NAL_RSV_NACL_52 or NAL_UNSPEC_58..NAL_UNSPEC_63 shall not
precede the first ACL NAL unit of the access unit.

N
g
+
2
t

— When an end of sequence NAL unit with nal_layer_id equal to 0 is present, it shall be the last NAL
unit among all NAL units with nal_layer_id equal to 0 in the access unit other than an end of a
bitstream NAL unit (when present).

— When an end of a bitstream NAL unit is present, it shall be the last NAL unit in the access unit.
NOTE 3  Decoders conforming to profiles specified in Annex A do not use NAL units with nal_layer_id greater

than 0, e.g., access or V3C access unit delimiter NAL units with nal_layer_id greater than 0, for access unit
boundary detection, except for identification of a NAL unit as an ACL or non-ACL NAL unit.
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8.4.5.3.5 Order of ACL NAL units and association to coded atlas frames

This subclau

se specifies the order of ACL NAL units and association to coded atlas frames.

Each ACL NAL unit is part of a coded atlas frame.

The order of

the ACL NAL units within a coded atlas frame is constrained as follows:

— The first ACL NAL unit of the coded atlas frame shall have ath_id equal to FirstTilelD.

— The tiles of an atlas frame shall be in increasing order of their ath_id values.

8.4.6 Raw
8.4.6.1 At

8.4.6.1.1 ¢

asps_atlas_
for referencq

asps_frame
a sample co
conformanct
where j is th

asps_frame
a sample co
conformancq
where j is th

The variable

NOTE1 Dy
to the noming

asps_geométry_3d_bit_depth_minusl plus 1 indicates the bit depth of the geometry coordina

the reconstn
to 31, inclusi

asps_geome
onto 2D ima

NOTE 2 Fo
geometry_3d|
elements in

byte sequence payloads, trailing bits and byte alignment semantics
as sequence parameter set RBSP semantics

heneral atlas sequence parameter set RBSP semantics

sequence_parameter_set_id provides an identifier for the atlas seguence paramet
by other syntax elements.

| width indicates the atlas frame width in terms of integer\number of samples, V
'responds to a luma sample of a video component. It is @requirement of V3C bitst
b that the value of asps_frame_width shall be equal to“the value of vps_frame_widt
b |D of the current atlas.

| height indicates the atlas frame height in terns” of integer number of samples, v
'responds to a luma sample of a video companent. It is a requirement of V3C bitst
e that the value of asps_frame_height shall ‘he"equal to the value of vps_frame_heig}
e [D of the current atlas.

AspsFrameSize is set equal to asps_ftame_height * asps_frame_width.

ring the reconstruction phase the decoded occupancy, geometry and attribute videos are cony
1 format of the current atlas as specified in Annex B.

ucted volumetric content. asps_geometry_3d_bit_depth_minus1 shall be in the rang
ve.

try_2d_bit_depth_minus1 plus 1 indicates the bit depth of the geometry when proj
bes. asps_geometry_2d_bit_depth_minus1 shall be in the range of 0 to 31, inclusive.

I some. applications, such as the application defined in Annex H, the syntax elements
bit_dépth_minus1 and asps_geometry_2d_bit_depth_minusl can differ from their correspo

er set

vhere
ream

h(j ],

vhere
ream

1t[j ],

rerted

tes of
b of 0

ected

asps_
nding

hes VBS, gi_geometry_3d_coordinates_bit_depth_minusl and gi_geometry_2d_bit_depth_m|

respectively.

This” can be due to the fact that the elements asps_geometry_3d_bit_depth_minusl and

inusl,
rasps_

geometry_2d_bit_depth_minus1 potentially represent an intermediate space that can require different precision
for coding purposes than the target representation space, which the elements gi_geometry_3d_coordinates_bit_
depth_minus1 and gi_geometry_2d_bit_depth_minus1 indicate.

asps_log2_max_atlas_frame_order_cnt_lsb_minus4 plus 4 specifies the values of the variables
LogZMaxAtlasFrmOrderCntLsb and MaxAtlasFrmOrderCntLsb that are used in the decoding process

for the atlas

frame order count as follows:

Log2MaxAtlasFrmOrderCntLsb = asps_log2_max_atlas_frame_order_cnt_lsb_minus4 + 4
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MaxAtlasFrmOrderCntLsb = 2Log2MaxAtlasFrmOrderCntLsb (18)

The value of asps_log2_max_atlas_frame_order_cnt_lsb_minus4 shall be in the range of 0 to 12,
inclusive.

asps_max_dec_atlas_frame_buffering_minus1 plus 1 specifies the maximum required size of the
decoded atlas frame buffer for the CAS in units of atlas frame storage buffers. The value of asps_max_
dec_atlas_frame_buffering_minus1 shall be in the range of 0 to 15, inclusive.

asps_long_term_ref_atlas_frames_flag equal to 0 specifies that no long-term reference atlas frame
is used for inter prediction of any coded atlas frame in the CAS. asps_long_term_ref_atlas_frames_flag

equa
more|

asps|

struc
in_as

NOTE

(asps|
direct

asps/

index
asps
of 0t

asps|
not s
the p
enabl

asps/|

the p
tile 11
equa

asps]
parameters shall be signalled and used for quantizing the normal axis related elements of]

unit,

enabled_flag is equalto 0, then no quantization is applied on any normal axis related

patch

asps]

delta
in a f]

Juse_eight_orientations_flag equal to 1 specifies that pdu_orientation_index[i][j ] is

to T specifies that Iong term reference atlas frames may be used for inter predictjon of one or

coded atlas frames in the CAS.

num_ref_atlas_frame_lists_in_asps specifies the number of the ref list_struct( rls
tures included in the atlas sequence parameter set. The value of asps_num.aef_atlas|
ps shall be in the range of 0 to 64, inclusive.

3 A decoder allocates memory for a total number of ref_list_struct( rlsldx ) syntax struc
num_ref_atlas_frame_lists_in_asps + 1) since there can be one ref _list struct( rlsldx ) syn|
ly signalled in the atlas tile headers of the current atlas tile.

use_eight_orientations_flag equal to 0 specifies that theZpatch orientation index for
j in a tile with tile ID equal to i, pdu_orientation_index[ i*][ j ], is in the range of 0 to

b 7, inclusive.

lextended_projection_enabled_flag equal to:0 specifies that the patch projection in
gnalled for the current atlas tile. asps_extehded_projection_enabled_flag equal to 1 g
htch projection information is signalled fofthe current atlas tile. When asps_extended
ed_flag is not present, its value is inferred to be equal to 0.

max_number_projections_minus¥ plus 1 specifies the maximum value that can be
htch projection ID syntax element, pdu_projection_id[ i ][ j ], for a patch with index j

Idx ) syntax
frame_lists_

ures equal to
tax structure

a patch with
1, inclusive.
in the range

formation is
pecifies that
_projection_

ndicated for
n a tile with

D equal to i. When asps_max_ntimber_projections_minus1 is not present, its value is ipferred to be

to 5.

normal_axis_limits_quantization_enabled_flag equal to 1 specifies that

quantization
a patch data

a merge patch,data unit, or an inter patch data unit. If asps_normal_axis_limits_g

data unit,a‘merge patch data unit, or an inter patch data unit.

normal-axis_max_delta_value_enabled_flag equal to 1 specifies that the maxi
value of the normal axis that may be present in the geometry information of a patc

unit,

Fame w1th 1ndex1 w1ll be mdlcated in the b1tstream for each patch data unit, a merg

uantization_
lements of a

um nominal
with index i
e patch data

: ual to 0 then

Va2
the maximum nominal delta Value of the normal axis that may be present in the geometry information
of a patch with index i in a frame with index j shall not be indicated in the bitstream for each patch data
unit, a merge patch data unit, or an inter patch data unit.

asps_patch_precedence_order_flag specifies the patch precedence that is utilized for assigning
atlas samples to patches as specified in subclause 9.2.6. asps_patch_precedence_order_flag equal to 1
specifies that patch precedence for the current atlas is the same as the decoding order of the patches.
asps_patch_precedence_order_flag equal to 0 specifies that patch precedence for the current atlas is the
reverse of the decoding order of the patches.
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asps_log2_patch_packing_block_size specifies the value of the variable PatchPackingBlockSize, that
is used for the horizontal and vertical placement of the patches within the atlas, as follows:

PatchPackingBlockSize = 2asps_log2_patch_packing_block_size

The value of

asps_log2_patch_packing_block_size shall be in the range of 0 to 7, inclusive.

(19)

asps_patch_size_quantizer_present_flag equal to 1 indicates that the patch size quantization
parameters are present in an atlas tile header. If asps_patch_size_quantizer_present_flag is equal to 0,
then the patch size quantization parameters are not present.

asps_map_
geometry a
to 15, inclus
minusl is eq

asps_pixel_
attribute da
pixel_deinte
not require ¢

asps_map_g

process needls to be performed on the associated geometry and attribute data of a projected patc

map with in
no addition3
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NOTE4 In

asps_raw_p
the current §
to 0 indicatg
RAW coded
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atlas contains information related to.whether intermediate depth positions between two depth

are occupied

not contain information related to‘'whether intermediate depth positions between two depth maf

occupied.

It is a requi
lossy_occups3

asps_eom_f
bit_count_m

d attribute data for the current atlas. asps_map_count_minus1 shall be in the rang
ve. It is a requirement of bitstream conformance to this document that asps_thap_c
al to vps_map_count_minus1[ atlasID ], where atlasID is the atlas ID of the eurrent a

leinterleaving_enabled_flag equal to 1 indicates that the decoded-geometry
fa may require an additional spatial interpolation process during reconstruction.
leaving_enabled_flag equal to 0 indicates that the decoded geometry and attribute de
ny additional spatial interpolation process.

ixel_deinterleaving_flag[ i | equal to 1 indicates that an additional spatial interpo

Hex i in the current atlas. asps_map_pixel_deinterleaving_flag[ i ] equal to 0 indicate
| spatial interpolation process is performed. When, not present, the value of asps |
leaving_flag[i] is inferred to be 0.

the context of reconstruction profiles for V-PCC, anjexample usage is specified in subclause H|

htch_enabled_flag equal to 1 indicates that the decoded geometry and attribute vide
tlas contain information related to RAW>coded points. asps_raw_patch_enabled_flag
s that the decoded geometry and attribute videos do not contain information relat
boints.

atch_enabled_flag equal to 1'indicates that the decoded occupancy video for the cu

.asps_eom_patch_enabled: flag equal to 0 indicates that the decoded occupancy vided

rement of bitstream conformance that if asps_eom_patch_enabled_flag is equal to
ncy_compréssion_threshold[ atlasID ] shall be equal to 0.

x_bit_ecount_minus1 plus 1 indicates the size in bits of the EOM codeword. asps_eon
nus{l shall be in the range of 0 to Min(15, oi_occupancy_2d_bit_depth_minus1[ atlasID

itig the

b of 0
bunt_
[las.

and
ASpS_
tado

ation
hina
5 that
map_

1, oi_

n_fix_

| - 1),

inclusive, wh

er€ atlaslD is the atlas ID of the current atlas.

asps_auxiliary_video_enabled_flag equal to 1 indicates that information associated with RAW and
EOM patch types could be placed in auxiliary video sub-bitstreams. asps_auxiliary_video_enabled_flag
equal to 0 indicates that information associated with RAW and EOM patch types can only be placed in
non-auxiliary video sub-bitstreams.

It is a requirement of bitstream conformance that if vps_auxiliary_video_present_flag[ atlasID ],
where atlaslID is the atlas ID of the current atlas, is equal to 0 then asps_auxiliary_video_enabled_flag
is equal to 0.

asps_plr_enabled_flag equal to 1 indicates that point local reconstruction mode information may
be present in the bitstream for the current atlas. asps_plr_enabled_flag equal to 0 indicates that no
information related to the pointlocal reconstruction mode is present in the bitstream for the current atlas.
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It is a requirement of bitstream conformance that when asps_pixel_deinterleaving_enabled_flag is
equal to 1, asps_plr_enabled_flag shall be equal to 0.

asps_vui_parameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure,
as specified in Annex G, is present. asps_vui_parameters_present_flag equal to 0 specifies that the vui_
parameters( ) syntax structure, as specified in Annex G, is not present.

asps_extension_present_flag equal to 1 specifies that the syntax elements asps_vpcc_extension_
present_flag and asps_extension_7bits are present in the atlas_sequence_parameter_set_rbsp syntax
structure. asps_extension_present_flag equal to 0 specifies that the syntax elements asps_vpcc_
extension_present_flag and asps_extension_7bits are not present.

asps|vpcc_extension_present_flag equal to 1 specifies that the asps_vpcc_extension( ) syntax
strucfure is present in the atlas_sequence_parameter_set_rbsp syntax structure. asps.vpcgc_extension_
presqnt_flag equal to 0 specifies that this syntax structure is not present. When ngt) present, the value
of asps_vpcc_extension_present_flag is inferred to be equal to 0.

asps,
presd
bitsti
are re
equa
prese

asps,
confq
of thi

8.4.6

plri_}
presd
indic
for th

plri_
the p
of ply
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currg
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recor]
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used

lextension_7bits equal to 0 specifies that no asps_extension_datacflag syntax e
nt in the ASPS RBSP syntax structure. When present, asps_extensien_7bits shall be

eams conforming to this edition of this document. Values of asps_eXtension_7bits n
eserved for future use by ISO/IEC. Decoders shall allow the valuge-of asps_extension_7]I
to 0 and shall ignore all asps_extension_data_flag syntax eleméents in an ASPS NAL uy
nt, the value of asps_extension_7bits is inferred to be equal-to 0.

rmance to profiles specified in this edition of this.decument. Decoders conforming tq
s document shall ignore all asps_extension_data-flag syntax elements.

1.2 Pointlocal reconstruction information semantics

nt in the bitstream for the map of index i of the current atlas. plri_map_present_flag[
htes that no information related to the point local reconstruction mode is present in t
e map of index i of the current atlas.

humber_of_modes_minusd['i | plus 1 indicates the number of reconstruction modes
bint local reconstructiofi process associated with the map of index i of the current atl
i_number_of _modes.minus1[i] shall be in the range of 0 to 15, inclusive.

nterpolate_flag{.i'][ j ] equal to 1 indicates that point interpolation for the map of i
nt atlas may.be-used for point local reconstruction mode j. plri_interpolate_flag[ i ]
cates that1ig point interpolation for the map of index i of the current atlas is used fa
structiommode j.

filling, flag[ i ][ j ] equal to 1 indicates that filling for the map of index i of the current

lements are
equal to 0 in
bt equal to 0
bits to be not
it. When not

lextension_data_flag may have any value. Its presence and value do not affect decoder

this edition

map_present_flag[ i | equal to 1 indicates that point local reconstruction mode infformation is

i]equalto0
he bitstream

specified for
hs. The value

dex i of the
[ j ] equal to
r point local

atlas may be

for{point local reconstruction mode j. plri_filling_flag[ i ][ j ] equal to 0 indicates that

no filling for

the

ap of imdex1of the current attas s used for poimttocal Teconstruction mode -

plri_minimum_depth][ i ][ j ] specifies the value of the minimum depth parameter of the point local
reconstruction mode j for the map of index i of the current atlas. plri_minimum_depth[i][j ] shall be in
the range of 0 to 3, inclusive.

plri_neighbour_minus1[ i ][ j ] plus 1 specifies the size of the 2D neighbourhood for point local
reconstruction mode j for the map of index i of the current atlas. plri_neighbour_minus1[i][ j ] shall be
in the range of 0 to 3, inclusive.

plri_block_threshold_per_patch_minus1][i] plus 1 specifies the value representative of the threshold
used to define the values contained in the array plrd_level. plri_block_threshold_per_patch_minus1|i ]
shall be in the range of 0 to 63, inclusive.
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8.4.6.2 Atlas frame parameter set RBSP semantics

8.4.6.2.1 General atlas frame parameter set RBSP semantics

afps_atlas_frame_parameter_set_id identifies the atlas frame parameter set for reference by other
syntax elements.

afps_atlas_sequence_parameter_set_id specifies the value of asps_atlas_sequence_parameter_set_id
for the active atlas sequence parameter set.

afps_output_flag_pr

present in the

atlas_output

afps_num_
NumRefldx
num_ref idx

afps_additi
used in the d

MaxLtAf]

The valus
32 - Log2M4

When asps_
shall be equ

esent_flag equal to 1 indicates that the ath_atlas_output_flag syntax elem

flag syntax element is not pre;ent in the associated tile headers.

ef idx_default_active_minus1l plus 1 specifies the inferred value of, the” va
ctive for the tile with ath_num_ref_idx_active_override_flag equal to 0. The‘value of
default_active_minus1 shall be in the range of 0 to 14, inclusive.

pnal_lt_afoc_lsb_len specifies the value of the variable MaxLtAtlasFsmOrderCntLsb t
ecoding process for reference atlas frame lists as follows:

lasFrmOrderCntLsb =
2 * ( Log2MaxAtlasFrmOrderCntLsb + afps_additional_lt_afoc_lsb_len)

of afps_additional_lt_afoc_Isb_len shall &e™ in the of 0

xAtlasFrmOrderCntLsb, inclusive.

range

ong_term_ref_atlas_frames_flag is equal to O,\the value of afps_additional_It_afoc_Is
11 to 0.

afps_lod_m

afps_lod_mofde_enabled_flag equal to 0 indicatesthat the LOD parameters shall not be presentin a

afps_raw_3
the fixed-len
rpdu_3d_off
coded by at
frame_parar
value of ath |

afps_extens
present in th
0 specifies t
present_flag

afps_extens

de_enabled_flag equal to 1 indicates, that the LOD parameters may be present in a

_offset_bit_count_explicit_mode_flag equal to 1 indicates that the number of b
gth representation of rpdu3d_offset_u] tileID ][ p |, rpdu_3d_offset_v[ tileID ][ p |
cet_d[ tileID ][ p ] for a pateh with index p in a tile with tile ID equal to tilelD, is exp
n_raw_3d_offset_axis_bit_count_minus1 in the atlas tile header that refers to afps_
heter_set_id. afps_raw_3d_offset_bit_count_explicit_mode_flag equal to 0 indicates th
raw_3d_offset_axisibit_count_minus1 is implicitly derived.

ion_presentyflag equal to 1 specifies that the syntax element afps_extension_8H
e atlas_frame: parameter_set_rbsp syntax structure. afps_extension_present_flag eq
hat the syntax element afps_extension_8bits is not present. The value of afps_exten
shall'be-0 in this edition of this document

ien/8bits equal to 0 specifies that no afps_extension_data_flag syntax element

!

nt is
ath_

e

iable
afps_

hat is

(20)

to

b_len

atch.
atch.

its in
, and
icitly
htlas_
ht the

its is
hal to
sion_

S are

present in tk

e AFPS KBSF syntax structure. When present, alps_extension_dbits shall be equal to 0in

bitstreams conforming to this edition of this document. Values of afps_extension_8bits not equal to 0
are reserved for future use by ISO/IEC. Decoders shall allow the value of afps_extension_8bits to be not
equal to 0 and shall ignore all afps_extension_data_flag syntax elements in an AFPS NAL unit. When not
present, the value of afps_extension_8bits is inferred to be equal to 0.

afps_extension_data_flag may have any value. Its presence and value do not affect decoder
conformance to profiles specified in this edition of this document. Decoders conforming to this edition
of this document shall ignore all afps_extension_data_flag syntax elements.
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8.4.6.2.2 Atlas frame tile information syntax

afti_single_tile_in_atlas_frame_flag equal to 1 specifies that there is only one tile in each atlas frame
referring to the AFPS. afti_single_tile_in_atlas_frame_flag equal to 0 specifies that there may be more
than one tile in each atlas frame referring to the AFPS.

afti_uniform_partition_spacing_flag equal to 1 specifies that the tile partitioning of an atlas uses a
method that distributes column and row partition boundaries uniformly across the atlas frame. The
information corresponding to these boundaries is signalled using the syntax elements afti_partition_
cols_width_minusl and afti_partition_rows_height_minus1, respectively. afti_uniform_partition_

spacing_flag equal to O spec1f1es that the tile partltlonmg of an atlas uses a method that may result in

i_] and_afti_part;tion_ljow_height_minusl[ i
_UYniform_partition_spacing_flag is inferred to be equal to 1.

]- When not present,

afti_partition_cols_width_minus1 plus 1 specifies the width of the tile pantition colum
the right-most tile partition column of the atlas frame in units of 64 samples when 4
partifion_spacing_flag is equal to 1. The value of afti_partition_cols_width_minus1 shall be
of 0 to asps_frame_width / 64 - 1, inclusive. When not present, thevalue of afti_partition
minufpl is inferred to be equal to asps_frame_width / 64 - 1.

afti_partition_rows_height_minus1 plus 1 specifies the height of the tile partition roy
the bjpttom tile partition row of the atlas frame in units of-64 samples when afti_unifor
spacing_flag is equal to 1. The value of afti_partitionsows_height_minus1 shall be in th
to asps_frame_height / 64 - 1, inclusive. When not<{présent, the value of afti_partition_i
minufl is inferred to be equal to asps_frame_heighty 64 - 1.

afti_num_partition_columns_minus1 plus 1 Specifies the number of tile partition colu
partition the atlas frame when afti_uniform>partition_spacing_flag is equal to 0. The
num Jpartition_columns_minus1 shall be.in'the range of 0 to asps_frame_width / 64 - 1
afti_s
infer
of aft

"ed to be equal to 0. Otherwise{when afti_uniform_partition_spacing_flag is equal ta
i_num_partition_columns_minus1 is inferred as specified in subclause 7.5.

afti_num_partition_rows_minus1 plus 1 specifies the number of tile partition rows used
the atlas frame when afti sunhiform_partition_spacing_flagis equal to 0. The value of afti_nu
rows| minus1 shall be iirithe range of 0 to asps_frame_height / 64 - 1, inclusive. If afti_si
atlas]
0. Ot}
rows

nerwise, when afti_uniform_partition_spacing_flag is equal to 1, the value of afti_nu
| minus1 ig/inferred as specified in subclause 7.5.

The ¥

wherge NumPartitionColumns and NumPartitionRows are derived in subclause 7.5.

oss the atlas
n_partltlon_

tﬁe value of

ns excluding
fti_uniform_
in the range
| cols_width_

vs excluding
m_partition_
e range of 0
ows_height_

mns used to
alue of afti_
inclusive. If

ingle_tile_in_atlas_frame_flag is.equal to 1, the value of afti_num_partition_columns_minus1 is

1, the value

to partition
m_partition_
ngle_tile_in_

frame_flag is equal to 1, the value of afti_num_partition_rows_minusl is inferred t¢ be equal to

m_partition_

ariablesNumPartitionsInAtlasFrame is set equal to NumPartitionColumns * NumPafrtitionRows,

Whenmr—aftisingte_tite_in_attas_frame_ftag 15 _equat to 0, NumpartitionsimAtiastra

greater than 1.

ne shall be

afti_partition_column_width_minus1[i] plus 1 specifies the width of the i-th tile partition column in
units of 64 samples.

afti_partition_row_height_minus1[ i ] plus 1 specifies the height of the i-th tile partition row in units
of 64 samples.

afti_single_partition_per_tile_flag equal to 1 specifies that each tile that refers to this AFPS includes
one tile partition. afti_single_partition_per_tile_flag equal to 0 specifies that a tile that refers to this
AFPS may include more than one tile partition. When not present, the value of afti_single_partition_
per_tile_flag is inferred to be equal to 1.
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afti_num_tiles_in_atlas_frame_minus1 plus 1 specifies the number of tiles in each atlas frame
referring to the AFPS. The value of afti_num_tiles_in_atlas_frame_minusl shall be in the range of
0 to NumPartitionsInAtlasFrame - 1, inclusive. When not present and afti_single_partition_per_
tile_flag is equal to 1, the value of afti_num_tiles_in_atlas_frame_minusl is inferred to be equal to
NumPartitionsInAtlasFrame - 1.

afti_top_left_partition_idx[ i ] specifies the partition index of the tile partition located at the top-
left corner of the i-th tile. The value of afti_top_left_partition_idx[ i ] shall be in the range of 0 to
NumPartitionsInAtlasFrame - 1, inclusive. When not present, the value of afti_top_left_partition_
idx[ i ] is inferred to be equal to i. The length of the afti_top_left_partition_idx[ i ] syntax element is
Ceil( Log2( NumPartitionsInAtlasFrame ) ) bits.

tile partition/located at the bottom-right corner of the i-th tile and the column position of the tite parfition

right_partition_column_offset| i | specifies the offset between the column positionjl)f the
lag is

_right_partition_row_offset[ i | specifies the offset between the row position of the tile
partition locpted at the bottom-right corner of the i-th tile and the row position afjthe tile partition with
partition index equal to afti_top_left_partition_idx[ i ]. When afti_single_partitien_per_tile_flag is pqual

The variablgs topLeftColumn[ i ], topLeftRow[ i ], bottomRightColummn{+ |, and bottomRightRow] i ],
the corresponding tile column and row positions for the\top left and bottom right tiles in
puted as follows:

olumn|i] = afti_top_left_partition_idx[ i ] % NumPartitionColumns

ow| i] = afti_top_left_partition_idx[ i ] / NumPartitionColumns

ightColumn[ i | = topLeftColumn][ i ] + aftitbottom_right_partition_column_offset| i
ightRow[ i ] = topLeftRow[ i ] + afti_bott@m_right_partition_row_offset[ i ]

irement of bitstream conformancesthat the values of bottomRightColumn[ i | and
bottomRightRow][ i ] shall be smaller or equal'tg/ asps_frame_width + 63 ) / 64 - 1 and ( asps_fijame_
height + 63 )/ 64 - 1, respectively.

It is also a r¢quirement of bitstream conformance that there shall not be a value of j, where j !={, that
satisfies either one of these properties:

— topLeft@olumn[i] <= topLeftColumn]| j | <= bottomRightColumn[ i ]
— topLeftRow][ i ] <= topleftRow] j | <= bottomRightRow][ i ]

The variablgs TileOffsetX[ i ], TileOffsetY[ i ], TileWidth[ i ], and TileHeight[ i ], which specifly the
horizontal ppsition, ¢ertical position, width, and height of a tile respectively, are then computed, using
the lists ParfitionWidth[ i ] and PartitionHeight[ j ] that are computed as specified in subclause 1.5, as
follows:

TileOffsetX]| i | = PartitionPosX] topLeftColumn[i] ]
TileOffsetY[ i ] = PartitionPosY[ topLeftColumn[i] ]
TileWidth[i]=0

TileHeight[i] =0

for(j = topLeftColumn] i ]; j <= bottomRightColumn[ i ]; j++) {
TileWidth[ i | += PartitionWidth[ j ]

}

for(j = topLeftRow[i]; j <= bottomRightRow][i]; j++) {
TileHeight[ i ] += PartitionHeight[ j ]
}

afti_auxiliary_video_tile_row_width_minus1 plus 1 indicates the nominal width of all auxiliary video
sub-bitstreams in units of 64 integer samples. When afti_auxiliary_video_tile_row_width_minus1 is not
present, its value shall be inferred to be equal to -1.

72 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

afti_auxiliary video_tile_row_height[ i ] indicates the nominal height in units of 64 integer samples of
the i-th vertical sub-region in each auxiliary video sub-bitstream that is associated with the i-th tile of
the atlas. When afti_auxiliary_video_tile_row_height[ i ] is not present, its value shall be inferred to be
equal to 0.

The height, AuxTileHeight[ i ] of each auxiliary sub-region associated with the i-th tile of the atlas is
computed as:

AuxTileHeight[ i ] = afti_auxiliary_video_tile_row_height[i] * 64

The vertical position, AuxTileOffset[ i ] of each auxiliary sub-region associated with the i-th tile of the
atlas is computed as:

AuxTileOffset[0] =0
AuxTileOffset[i] = AuxTileOffset[i- 1] + AuxTileHeight[i- 1], foralli> 0.

The nominal width, AuxVideoWidthNF, and height, AuxVideoHeightNF, ofCall auxiliary video sub-
bitstfeams associated with an atlas shall be computed as:

AuxVideoWidthNF = (afti_auxiliary_video_tile_row_width_minusT #+ 1) * 64

N
uxVideoHeightNF= ZAuxTileHeight [n]
n=0

o>y

wherg N is equal to afti_num_tiles_in_atlas_frame_minusl

afti_signalled_tile_id_flag equal to 1 specifies that the tile ID for each tile is signalled. affti_signalled_
tile_ifl_flag equal to 0 specifies that tile IDs are notsignalled.

afti_signalled_tile_id_length_minus1 plus Ispecifies the number of bits used to represent the syntax
elem¢nt afti_tile_id[ i | when present, and the'syntax element ath_id in a tile header. The yalue of afti_
signallled_tile_id_length_minus1 shall begir'the range of 0 to 15, inclusive. When not present, the value
of affi_signalled_tile_id_length_minusi\is inferred to be equal to Ceil( Log2( afti_num_tiles_in_atlas_
fram¢_minusl +1)) - 1.

afti_tile_id|[ i | specifies the tile-ID of the i-th tile. The length of the afti_tile_id[ i ] syntdx element is
afti_gignalled_tile_id_length \minus1 + 1 bits. When not present, the value of afti_tile_id[ i|] is inferred
to belequal to i, for eacht.in the range of 0 to afti_num_tiles_in_atlas_frame_minus1, inclusive. It is a
requirement of bitstreamn conformance that afti_tile_id[ i ] shall not be equal to afti_tile [id[ j ] for all
i!=j.[The length of thej)afti_tile_id[ i ] syntax element is afti_signalled_tile_id_length_minugl + 1 bits.

The ariable FirstTileID is computed as follows:

FirstTilelD = afti_tile_id[ 0 ]
for (\.= 1; i < afti_num_tiles_in_atlas_frame_minus1 + 1; i++)
FirstTileID = Min(FirstTilelD, afti_tile_id[ i ])

The arrays TileIDTolndex and TileIndexTolD provide a forward and inverse mapping, respectively, of
the ID associated with each tile and the order index of how each tile was specified in the atlas frame tile
information syntax.

8.4.6.3 Atlas adaptation parameter set RBSP semantics

aaps_atlas_adaptation_parameter_set_id identifies the atlas adaptation parameter set for reference
by other syntax elements.

aaps_extension_present_flag equal to 1 specifies that the syntax elements aaps_vpcc_extension_
present_flag and aaps_extension_7bits are present in the atlas_adaptation_parameter_set_rbsp( )
syntax structure. aaps_extension_present_flag equal to 0 specifies that the syntax elements aaps_vpcc_
extension_present_flag and aaps_extension_7bits are not present.
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aaps_vpcc_extension_present_flag equal to 1 specifies that the aaps_vpcc_extension( ) syntax
structure is present in the atlas_adaptation_parameter_set_rbsp( ) syntax structure. aaps_vpcc_
extension_present_flag equal to 0 specifies that this syntax structure is not present. When not present,
the value of aaps_vpcc_extension_present_flag is inferred to be equal to 0.

aaps_extension_7bits equal to 0 specifies that no aaps_extension_data_flag syntax elements are
present in the AAPS RBSP syntax structure. When present, aaps_extension_7bits shall be equal to 0 in
bitstreams conforming to this edition of this document. Values of aaps_extension_7bits not equal to 0
are reserved for future use by ISO/IEC. Decoders shall allow the value of aaps_extension_7bits to be not
equal to 0 and shall ignore all aaps_extension_data_flag syntax elements in an AAPS NAL unit. When
not present, the value of aaps_extension_7bits is inferred to be equal to 0.

aaps_extengion_data_flag may have any value. Its presence and value do not affect defoder
conformance to profiles specified in this edition of this document. Decoders conforming to this’edlition
of this docurpent shall ignore all aaps_extension_data_flag syntax elements.

8.4.6.4 Supplemental enhancement information RBSP semantics

Supplementdl enhancement information (SEI) contains information that is not niecéssary to decode the
coded atlas frames and their associated information from ACL NAL units. An‘SEI RBSP contains dne or
more SEI messages.

8.4.6.5 Access unit delimiter RBSP semantics

The access ynit delimiter may be used to indicate the type of tiles present in the coded atlas frlames
in the acces$ unit containing the access unit delimiter or V3C/access unit delimiter NAL unit ajnd to
simplify the[detection of the boundary between access unitstThere is no mandatory decoding prpcess
associated with the access unit delimiter or V3C access unit delimiter.

aframe_typp indicates that the ath_type values for:all tiles of the coded atlas frame in the acces§ unit
containing the access unit delimiter or V3C access.iinit delimiter NAL unit are members of the set |isted
in Table 5 fdr the given value of aframe_type..The value of aframe_type shall be equal to 0, 1, 2| or 3
in bitstreamls conforming to this edition of this document. Other values of aframe_type are res¢rved
for future uge by ISO/IEC. Decoders conforiming to this edition of this document shall ignore reserved
values of afrpme_type.

Table.5 — Interpretation of aframe_type

aframe_type [ath_type values that may be present in the coded atlas frame

0 I_TILE

1 P_TILE, I_TILE

2 SKIP_TILE, P_TILE, I_TILE
3 SKIP_TILE

4-7 RESERVED

8.4.6.6 End of sequence RBSP semantics

When included in a NAL unit with nal_layer_id equal to 0, the end of sequence RBSP specifies that the
current access unit is the last access unit in the coded atlas sequence in decoding order and the next
subsequent access unit in the atlas sub-bitstream in decoding order (if any) is an IRAP coded atlas
access unit with NoOutputBeforeRecoveryFlag equal to 1. The syntax content of the SODB and RBSP for
the end of sequence RBSP are empty.
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8.4.6.7 End of bitstream RBSP semantics

The end of bitstream RBSP indicates that no additional NAL units are present in the atlas sub-bitstream
that are subsequent to the end of bitstream RBSP in decoding order. The syntax content of the SODB
and RBSP for the end of bitstream RBSP are empty.

8.4.6.8 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0xFF. No mandatory decoding process
is specified for a filler data RBSP.

ff_bygte-is-a-byte-equalte-OxEE

8.4.6|9 Atlas tile layer RBSP semantics
None|

8.4.6{10 RBSP trailing bit semantics

rbsp]|stop_one_bit shall be equal to 1.

rbsp|alignment_zero_bit shall be equal to 0.

8.4.6{11 Atlas tile header semantics

When present, the value of the atlas tile header syntax elements ath_atlas_frame_parameter_set_id,

ath_
flag,

tlas_adaptation_parameter_set_id, ath_atlas_output_flag, ath_no_output_of_prior_a
ind ath_atlas_frm_order_cnt_lsb, shall be the.same in all atlas tile headers of a coded :

ath_
the
in A

equa
It is
flag

The
outp

ath_a
activ

ath_g
id fon

o_output_of_prior_atlas_frames_flag-affects the output of previously-decoded atl
B after the decoding of an atlas in a,CAS AU that is not the first AU in the bitstream
nex E. When ath_no_output_of_prioy_atlas_frames_flag is not present, its value is in
to 0.

all be the same for all atlasframes in an AU.

alue of ath_no_output_of_prior_atlas_frames_flag in the atlas tile headers is also refer]
t_of_prior_atlas_frames_flag value of the AU.

itlas_frame_parameter_set_id specifies the value of afps_atlas_frame_parameter_s
 atlas frame parameter set for the current atlas tile.

tlas_adaptation_parameter_set_id specifies the value of aaps_atlas_adaptation_pa

las_frames_
itlas frame.

as frames in
as specified
ferred to be

requirement of bitstream>¢enformance that the value of ath_no_output_of_prior_aflas_frames_

red to as the

et_id for the

rfameter_set_
of bitstream

thelactive atlas adaptation parameter set for the current atlas tile. It is a requirement

confa

rrfahce that all tiles of an atlas frame shall have the same ath_atlas_adaptation_parameter_set_id.

ath_id specifies the tile ID associated with the current tile. When not present, the value of ath_id is
inferred to be equal to 0.

The following applies:

— The length of ath_id is afti_signalled_tile_id_length_minus1 + 1 bits.

— Thevalue of ath_id shall be in the range of values specified by the array TileIndexTolD[ i], foriin the

r

ange from 0 to afti_num_tiles_in_atlas_frame_minus1, inclusive.

It is a requirement of bitstream conformance that the following constraints apply:

— The value of ath_id shall not be equal to the value of ath_id of any other coded atlas tile unit of the

S

ame coded atlas frame.
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— The tiles of an atlas frame shall be in increasing order of their ath_id values.

ath_type specifies the coding type of the current atlas tile group according to Table 6. The value of
ath_type shall be equal to 0, 1, or 2 in bitstreams conforming to this edition of this document. Other
values of ath_type are reserved for future use by ISO/IEC. Decoders conforming to this edition of this

document shall ignore reserved values of ath_type.

Table 6 — Name association to ath_type

ath_type Name of ath_type
0 P_TILE (Inter atlas tile)
1 [_TILE (Intra atlas tile)
2 SKIP_TILE (SKIP atlas tile)
3- RESERVED
ath_atlas_onutput_flag affects the decoded atlas output and removal processes as specified in Anex E.
When ath_aflas_output_flag is not present, it is inferred to be equal to 1.

ath_atlas_fx
for the curr
Log2MaxAtl
to MaxAtlas

ath_ref _atld
current atla
ASPS. ath_rd
current atla
included in

equal to 0, th

ath_ref_atla

structures ipcluded in the active ASPS, of the ref_list_struct( rlsldx ) syntax structure that is us¢
derivation of

frame_list_i
present, the
frame_list_i
ath_ref_atla

1, the value ¢f ath_ref_atlas_frame_list_idx is inferred to be equal to 0.

The variable

X
}/alue of ath_ref atlas_frame’list_idx is inferred to be equal to 0. The value of ath_ref_

m_order_cnt_lsb specifies the atlas frame order count modulo MaxAtlasFrmOrderC

hsFrmOrderCntLsb bits. The value of ath_atlas_frm_order_catylsb shall be in the rang
FrmOrderCntLsb - 1, inclusive.

s_frame_list_asps_flag equal to 1 specifies that the reference atlas frame list ¢
tile is derived based on one of the ref_list_struct(~flsldx ) syntax structures in the 4
f_atlas_frame_list_asps_flag equal to 0 specifies’that the reference atlas frame list

the tile header of the current atlas tile. When asps_num_ref_atlas_frame_lists_in_a
le value of ath_ref_atlas_frame_list_asps/fldg is inferred to be equal to 0.

s_frame_list_idx specifies the index; into the list of the ref _list_struct( rlsldx ) s

the reference atlas frame list for the current atlas tile. The syntax element ath_ref_
is represented by Ceil( Log2("asps_num_ref_atlas_frame_lists_in_asps ) ) bits. Whg

x shall be in the range of0 to asps_num_ref_atlas_frame_lists_in_asps - 1, inclusive. \
_frame_list_asps_flag is equal to 1 and asps_num_ref_atlas_frame_lists_in_asps is eq

Rlsldx for the current atlas tile is derived as follows:

b tile list is derived based on the ref_list_struct( rlsldx ) syntax structure that is dif

htLsb

ent atlas tile. The length of the ath_atlas_frm_order_cnt_lshb.syntax element is equal to

e of 0

f the
Ictive
bf the
ectly
Eps is

yntax
pd for
htlas_
n not
htlas_
When
hal to

Rlsldx = pth_ref atlas_frame_list_asps_flag ?
ath[ref_atlas”frame_list_idx : asps_num_ref atlas_frame_lists_in_asps (21)
ath_additiohal-afeelsb—presentflagl i} equal-to1 specifies-thatath—additionalafeetsb—val] j | is

present for the current atlas tile. ath_additional_afoc_lsb_present_flag[ j ] equal to 0 specifies that ath_
additional_afoc_lsb_val[ j] is not present.

ath_additional_afoc_lsb_val[ j | specifies the value of FullAtlasFrmOrderCntLsbLt[ Rlsldx ][ j ] for the
current atlas tile as follows:

FullAtlasFrmOrderCntLsbLt[ Rlsldx ][ j ] =

ath_

additional_afoc_lsb_val[ j ] * MaxAtlasFrmOrderCntLsb +afoc_Isb_It[ Rlsldx ][ j ]

(22)

The syntax element ath_additional_afoc_lsb_val[ j ] is represented by afps_additional_lt_afoc_lsb_len

bits. When n

76

ot present, the value of ath_additional_afoc_lsb_val[ j ] is inferred to be equal to 0.
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ath_pos_min_d_quantizer specifies the quantizer that is to be applied to the pdu_3d_offset_d][ tileID ]
[ p ] value of the patch with index p in the tile with tile ID equal to tilelID. If ath_pos_min_d_quantizer is
not present, its value shall be inferred to be equal to 0.

ath_pos_delta_max_d_quantizer specifies the quantizer that is to be applied to the pdu_3d_
range_d|[ tileID ][ p ] value of the patch with index p in the tile with tile ID equal to tileID. If ath_pos_
delta_max_d_quantizer is not present, its value shall be inferred to be equal to 0.

ath_patch_size_x_info_quantizer specifies the value of the quantizer PatchSizeXQuantizer that is to
be applied to the syntax elements pdu_2d_size_x_minusl] tileID ][ p ], mpdu_2d_delta_size_x] tilelD ]
[ p ], ipdu_2d_delta_size_x][ tileID ][ p ], rpdu_2d_size_x_minusl][ tileID ][ p ], and epdu_2d_size_x_

minu

s1ltileID I b1 ofapnatchwith indexnin atilewith tile ID egualtotilelD If ath patch
T TP T i T =r

size_x_info_

quan
The

)

The ¥
block

ath_patch_size_y_info_quantizer specifies the value of the quantizer PatchSizeYQuantij

be ap
[p]
minu
quan
The v

el

The ¥
block

ath_x
repre
rpdu
the 14

[izer is not present, its value shall be inferred to be equal to asps_log2_patch_packin
alue of PatchSizeXQuantizer is computed as follows:

htchSizeXQuantizer = 1 << ath_patch_size_x_info_quantizer

ralue of ath_patch_size_x_info_quantizer shall be in the range of 0_toydsps_log2_paf
| size, inclusive.

plied to the syntax elements pdu_2d_size_y_minusl[ tileID ]} p ], mpdu_2d_delta_si

ipdu_2d_delta_size_y[ tileID ][ p ], rpdu_2d_size_y_minus1] tileID ][ p ], and epd
1] tileID ][ p ] of a patch with index p in a tile with tiledD equal to tilelD. If ath_patch
fizer is not present, its value shall be inferred to bedequal to asps_log2_patch_packin
alue of PatchSizeYQuantizer is computed as follows;

htchSizeYQuantizer = 1 << ath_patch_size_y, info_quantizer

ralue of ath_patch_size_y_info_quantizér shall be in the range of 0 to asps_log2_palf
| size, inclusive.

aw_3d_offset_axis_bit_count minus1 plus 1 specifies the number of bits in the
sentation of the syntax elements rpdu_3d_offset_u] tileID ][ p ], rpdu_3d_offset_v][ tilg
|3d_offset_d[ tileID ][ p ] of@patch with index p in a tile with tile ID equal to tileID. W
ngth of the syntax elerent used to represent ath_raw_3d_offset_axis_bit_count_mify

5 _block_size.

(23)

ch_packing_

er that is to
ve_y| tilelD ]
u_2d_size_y_
| size_y_info_
b _block_size.

(24)

ch_packing_

fixed-length
ID][p] and
hen present,
1us1 is equal

to Flqor( Log2( asps_geomeétry_3d_bit_depth_minusl +1)).

When ath_raw_3d_offset_axis_bit_count_minus1 is not present, its value shall be inferred §o be equal
'l(\/([)ax( 0, asps_geemetry_3d_bit_depth_minusl - asps_geometry_2d_bit_depth_minusl ) -1

A varfiable RawShift is defined as follows:

fafps_raw_3d_offset_bit_count_explicit_mode_flag is equal to 1,

RawShift =
asps_geometry_3d_bit_depth_minusl - ath_raw_3d_offset_axis_bit_count_minusl (25)

Otherwise
RawShift = asps_geometry_2d_bit_depth_minus1 + 1 (26)

ath_num_ref idx_active_override_flag equal to 1 specifies that the syntax element ath_num_ref_
idx_active_minus1 is present for the current atlas tile. ath_num_ref_idx_active_override_flag equal to
0 specifies that the syntax element ath_num_ref_idx_active_minus1 is not present. If ath_num_ref idx_
active_override_flag is not present, its value shall be inferred to be equal to 0.
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ath_num_ref_idx_active_minus1 is used for the derivation of the variable NumRefldxActive as
specified by Formula (27) for the current atlas tile. The value of ath_num_ref_idx_active_minus1 shall
be in the range of 0 to 14, inclusive.

When the current atlas tile is a P_TILE atlas tile, ath_num_ref_idx_active_override_flag is equal to 1,
and ath_num_ref idx_active_minus1 is not present, ath_num_ref idx_active_minusl1 is inferred to be
equal to 0.

The variable NumRefldxActive is derived as follows:

if(ath_type == P_TILE || ath_type == SKIP_TILE ) {
if(ath_num_ref idx_active override flag==1)
NumRefldxActive = ath_num_ref_idx_active_minus1 + 1
ef
if( num_ref_entries[ Rlsldx | >= afps_num_ref_idx_default_active_minus1 1)
NumRefldxActive = afps_num_ref_idx_default_active_minus1 + 1

(27)
els

else
NumRefldxActive = num_ref_entries[ Rlsldx ]
}
}
else
NymRefldxActive = 0
NumRefldxActive minus 1 specifies the maximum value of the atlaSyreference frame index that may be

used to decode the current atlas tile.

8.4.6.12 RIerence list structure semantics

ries| rlsldx ] specifies the number ofCentries in the ref_list_struct( rlsldx ) s
here rlsldx is the index of an atlas frame reference list. For P_TILE and SKIP_TIL}
h_ref_entries[ rlsldx ] shall be in theirange of 1 to asps_max_dec_atlas_frame_buffe
Dtherwise, the value of num_ref_entries[ rlsldx | shall be in the range of 0 to asps_max
buffering_minus1 + 1.

yntax
£, the
ring_
| dec_

num_ref_e
structure, w
value of nurj
minus1 + 1.

atlas_frame |

st_ref_atlas
syntax strud
to 0 specifie
atlas frame

| frame_flag[ risldx ][ i] eqGal to 1 specifies that the i-th entry in the ref_list_struct(rl
ture is a short term reference atlas frame entry. st_ref_atlas_frame_flag[ rlsldx ][ i ]
5 that the i-th entry in ‘the ref_list_struct( rlsldx ) syntax structure is a long term refe
entry. When not present, the value of st_ref_atlas_frame_flag[ rlsldx ][ i ] is inferred

s51dx )
equal
rence
to be

equal to 1.

The variablg NumLtrAtlasFrmEntries][ rlsldx ] is derived as follows:

NumLtr/
for(i=0
if(!

\tlasFrimEntries| rlsldx ] =0
i < ium_ref_entries| rlsldx |; i++)
stofef_atlas_frame_flag[ risldx J[1])
NumttrAttasFrmEntriesf ristax j++

(28)

abs_delta_afoc_st[ rlsldx ][ i |, when the i-th entry is the first short term reference atlas frame entry
in ref_list_struct( rlsldx ) syntax structure, specifies the absolute difference between the atlas frame
order count values of the current atlas tile and the atlas frame referred to by the i-th entry, or, when
the i-th entry is a short term reference atlas frame entry but not the first short term reference atlas
frame entry in the ref_list_struct( rlsldx ) syntax structure, specifies the absolute difference between
the atlas frame order count values of the atlas frames referred to by the i-th entry and by the previous
short term reference atlas frame entry in the ref list_struct( rlsldx ) syntax structure.

The value of abs_delta_afoc_st[ rlsldx ][ i ] shall be in the range of 0 to 215 - 1, inclusive.

straf_entry_sign_flag| rlsldx ][ i ] equal to 1 specifies that the i-th entry in the syntax structure ref_
list_struct( rlsldx ) has a value greater than or equal to 0. straf_entry_sign_flag[ rlsldx ][ i ] equal to 0
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specifies that the i-th entry in the syntax structure ref_list_struct( rlsldx ) has a value less than 0. When
not present, the value of straf_entry_sign_flag[ rlsldx ][ i ] is inferred to be equal to 1.

The list DeltaAfocSt[ rlsldx ][ i] is derived as follows:

for(i=0;i<num_ref_entries[ rlsldx ]; i++)

if( st_ref_atlas_frame_flag[ rlsldx ][i])
DeltaAfocSt[ rIsldx ][i] =
( 2 *straf_entry_sign_flag[ rIsldx ][1] - 1) * abs_delta_afoc_st[ rlsldx ][ i
else
DeltaAfocSt[ rlsldx][i]=0

] (29)

afoc_
of th
lengt

8.4.7

8.4.7

atdu
tile w
Tablé

Isb_lt[ rlsldx][i] specifiesthevalueoftheatlasframeorder countmodulo MaxAtlasFrm
e atlas frame referred to by the i-th entry in the ref _list_struct( rlsldx ) syntax st
h of the afoc_lsb_It[ rlsldx ][ i ] syntax element is Log2ZMaxAtlasFrmOrderCntLsb bits.

Atlas tile data unit semantics

1 General atlas tile data unit semantics

| patch_mode]| tileID ][ p ] indicates the patch mode for the patch with index p in the

and T

DrderCntLsb
ructure. The

furrent atlas

ith tile ID equal to tileID. The permitted values for atdu.patch_mode][ tileID ][ p ] arg specified in
7 for atlas tiles with ath_type equal to I_TILE, Table 8 for atlas tiles with ath_type equal to P_TILE,
able 9 for atlas tiles with ath_type equal to SKIP_TIKE. When not present, the value of atdu_patch_

modd[ tileID ][ p ] is inferred to be equal to P_SKIP. Modes'indicated as reserved shall not be present in
bitstfeams conforming to this edition of this document.
NOTH A tile with ath_type equal to SKIP_TILE implies that the entire tile information is copied|directly from
the tile with the same id as that of the current.tilé’that corresponds to the first reference atlag frame in the
RefAt]asFrmList.
Table 7 — Patch modes for I_TILE type atlas tiles
atdu_patch_mode] tileID ][ p } Identifier Description
0 [_INTRA Non-predicted patch mode
1 I_RAW RAW Point Patch mode
2 I_ EOM EOM Point Patch mode
3-13 I_RESERVED |Reserved modes for future use by ISO/IEC
14 [_END Patch termination mode
Table 8 — Patch modes for P_TILE type atlas tiles
atdu_patch_mode[ tileID][p]| Identifier |Description
0 P_SKIP Patch Skip mode
1 P_MERGE |Patch Merge mode
2 P_INTER |Inter predicted Patch mode
3 P_INTRA Non-predicted Patch mode
4 P RAW RAW Point Patch mode
5 P_EOM EOM Point Patch mode
6-13 P_RESERVED |Reserved modes for future use by ISO/IEC
14 P_END Patch termination mode
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Table 9 — Patch modes for SKIP_TILE type atlas tiles

atdu_patch_mode[ tileID ][ p ] Identifier Description

0

P_SKIP Patch Skip mode

Table 10 — Patch types

Value I

dentifier Description

PROJECTED

is associated with projected information onto a 2D image

patch with patch mode equal to _INTRA, P_INTRA, P_INTER, P_MERGE, or P_SKIP that

EQM p:\h‘h with p:\h‘h mode pqnql tol EOM P EOM orP SKIP associated with EOM coded I

oints

RAW patch with patch mode equal to I_RAW, P_RAW, or P_SKIP associated wsith

coded points

RAW

8.4.7.2

None

8.4.7.3

pdu_2d_pos
box for pat
PatchPackin

pdu_2d_pos
box for pat
PatchPackin

pdu_2d_sizg
p in the curr

pdu_2d_sizg
p in the curn

pdu_3d_offs
with index
pdu_3d_offs
The number
minusl + 1.

pdu_3d_offs
with index p
pdu_3d_offs
The number
minus1 + 1.

Patch information data semantics

Patch data unit semantics

_x[ tileID ][ p ] specifies the x-coordinate of the top-left'corner of the patch bou

pBlockSize.

_y|[ tileID ][ p ] specifies the y-coordinate of thie top-left corner of the patch bou

gBlockSize.

e_x_minus1[ tileID ][ p ] plus 1 specifies¢he quantized width value of the patch with
ent atlas tile, with tile ID equal to tilelD.

e_y_minus1[ tilelD ][ p ] plus 1 specifies the quantized height value of the patch with
ent atlas tile, with tile ID equal to tilelD.

et_u] tileID ][ p ] specifies:the shift to be applied to the reconstructed patch points in
of the current atlas tile,with tile ID equal to tileID, along the tangent axis. The va
pt_u[ tileID ][ p ] shall be in the range of 0 to 2asps_geometry_3d_bit_depth_minusl +1_ 1 jnc]
of bits used to represent pdu_3d_offset_u[ tileID ][ p ] is asps_geometry_3d_bit_d

et_v[ tileID ][ p ] specifies the shift to be applied to the reconstructed patch points in
of the agunrent atlas tile, with tile ID equal to tileID, along the bi-tangent axis. The va

hding

h p in the current atlas tile, with tile ID equal to tilelD, expressed as a multiple of

hding

h p in the current atlas tile, with tile ID equal to tilelD, expressed as a multiple of

index

index

patch
ue of
1sive.
epth_

patch
lue of
1sive.

pt_v[titelD ][ p ] shall be in the range of 0 to 2asps_geometry_3d_bit_depth_minusl+1 _ 1 jnc]

of bits used to represent pdu_3d_offset_v[ tileID ][ p | is asps_geometry_3d_bit_drpth_

pdu_3d_offset_d[ tileID ][ p ] specifies the shift to be applied to the reconstructed patch points
in patch with index p of the current atlas tile, with tile ID equal to tileID, along the normal axis,

Pdu3dOffset

D[ tileID ][ p ], as follows:

Pdu3dOffsetD][ tileID ][ p ] = pdu_3d_offset_d|[ tileID ][ p ] << ath_pos_min_d_quantizer

(30)

The value of Pdu3dOffsetD[ tileID ][ p ] shall be in the range of 0 to 2( asps_geometry 3d.bit_depth.
minusl+1) _ 1 jnclusive.

The number of bits used to represent pdu_3d_offset_d] tileID ][ p ] is equal to (asps_geometry_3d_bit_
depth_minus1 - ath_pos_min_d_quantizer + 1).
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pdu_3d_range_d] tileID ][ p ], if present, specifies the nominal maximum value of the shift expected to
be present in the reconstructed bit depth patch geometry samples, after conversion to their nominal
representation, in patch with index p of the current atlas tile, with tile ID equal to tilelD, along the

normal axis, Pdu3dRangeD] tileID ][ p ], as follows:

if(pdu_3d_range_d[ tileID ][ p]==0)

Pdu3dRangeD|[ tileID ][p]=0 (31)
else {

range = pdu_3d_range_d| tileID ][ p ] << ath_pos_delta_max_d_quantizer

Pdu3dRangeD| tileID ][ p ] = range - 1 (32)

Let the variable rangeDBitDepth be computed as follows:

If pdg_3d_range_d] tileID ][ p ] is not present the value of Pdu3dRangeD[ ®ilelD ][ p ] is ag

equa
0 to 2

The 1
pos_d

pdu_
to thg
valué
inclu

The 1
proje

pdu_
of thg
and R
patch
numly
flag ?

pdu_
currg

FangeDBitDepth =
Min( asps_geometry_2d_bit_depth_minus1, asps_geometry_3d_bit_depth_minus

to 2rangeDBitDepth _ 1 When present, the value of Pdu3dRangeD] tileID’][ p ] shall be in
rangeDBitDepth _ 1, inclusive.

umber of bits used to represent pdu_3d_range_d]| tileID ][.p_]is equal to ( rangeDBit
elta_max_d_quantizer ).

projection_id| tileID ][ p ] specifies the values of the,projection mode and of the index
projection plane for the patch with index p of thecurrent atlas tile, with tile ID equal
of pdu_projection_id[ tileID ][ p ] shall be in range of 0 to asps_max_number_projectj
ive.

umber of bits used to represent pdu_prejéction_id[ tileID ][ p ] is Ceil( Log2( asps_n
ctions_minusl + 1) ).

prientation_index] tileID ][ p ] specifies the patch orientation index, for the patch
current atlas tile, with tile ID equal to tileID, used to determine the transformation
s as indicated in Table 11, that'are to be used to transform atlas coordinates of a pa
coordinate system denoted-by coordinates (u, v ), before conversion to 3D space coof

3:1).

Jlod_enabled_flag|'tileID ][ p ] equal to 1 specifies that the LOD parameters are pr

iseq

is nof present; its value shall be inferred to be equal to 0.

pdu_jod _'scale_x_minus1| tileID ][ p ] specifies the LOD scaling factor to be applied

nt patch p of the’current atlas tile, with tile ID equal to tileID. If pdu_lod_enabled_flag
al to 0, no’LOD parameters are present for the current patch. If pdu_lod_enabled_flag

1)+1

sumed to be
the range of

Depth - ath_

fthe normal
to tileID. The
ons_minusl1,

1ax_number_

with index p
matrices, R,
tch to a local
dinates. The

er of bits used to represent pdu_orientation_index] tileID ][ p ] is ( asps_use_eight_¢rientations_

bsent for the
[ tileID ][ p ]
([ tileID ][ p ]

to the local

x-coordinate of a point in a patch with index p of the current atlas tile, with tile ID equal to tileID, prior to
its addition to the patch coordinate TilePatch3dOffsetU] tileID || p |. If pdu_lod_scale_x_minus1] tilelD ]
[ p]is not present, its value shall be inferred to be equal to 0.

pdu_lod_scale_y_idc] tileID ][ p ] indicates the LOD scaling factor to be applied to the local y-coordinate
of a point in a patch with index p of the current atlas tile, with tile ID equal to tilelD, prior to its addition
to the patch coordinate TilePatch3dOffsetV] tileID ][ p ]. If pdu_lod_scale_y_ idc[ tileID ][ p ] is not
present, its value shall be inferred to be equal to 0.

8.4.7.4 SKkip patch data unit semantics

None
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8.4.7.5 Merge patch data unit semantics

mpdu_ref_index| tileID ][ p | specifies the atlas reference frame index, refldx, for the current patch
with index p of the current atlas tile, with tile ID equal to tileID. The value of mpdu_ref_index] tileID ]
[ p] shall be in the range of 0 to NumRefldxActive - 1, inclusive. When mpdu_ref_index| tileID ][ p ] is
not present, it is inferred to be equal to 0.

mpdu_override_2d_params_flag] tileID ][ p ] specifies whether the 2D parameters for the current
patch with index p of the current atlas tile, with tile ID equal to tileID, are present in the bitstream.

mpdu_2d_pos_x| tileID ][ p ] specifies the difference of the x-coordinate of the top-left corner of the

patch boun

ing box of patch with index p in the current atlas tile, with tile ID equal to tileID, and

x-coordinatd
atlas tile wif
refldx, expr
present, it is

mpdu_2d_p

patch boundiing box of patch with index p in the current atlas tile, with tile ID equalto tileID, and

y-coordinate
atlas tile wit
refldx, expr
present, it is

mpdu_2d_d
p in the cury
tile with the
When mpdu

mpdu_2d_d
p in the cury
tile with the
When mpdu

mpdu_over
patch of the
override_3d

mpdu_3d_o
reconstructg
tile ID equal
axis of the p
frame that c
the range of

of the top-left corner of the patch bounding box of the patch with index RefPatchldx
h the same ID as the current tile in the atlas frame that is associated with the-refe
bssed as a multiple of PatchPackingBlockSize. When mpdu_2d_pos_x] tileIDp ]
inferred to be equal to 0.

ps_y| tileID ][ p ] specifies the difference of the y-coordinate of the top-left corner

of the top-left corner of the patch bounding box of the patch withrindex RefPatchldx
h the same ID as the current tile in the atlas frame that is asSeciated with the refe
bssed as a multiple of PatchPackingBlockSize. When mpdu=2d_pos_x| tileID ][ p ]
inferred to be equal to 0.

plta_size_x| tilelD ][ p | specifies the difference of the width values of the patch with
ent atlas tile, with tile ID equal to tileID, and the patth with index RefPatchldx in the
same ID as the current tile in the atlas frame thatis associated with the reference r
| 2d_delta_size_x[ tileID ][ p ] is not present, itdis.inferred to be equal to 0.

plta_size_y| tilelD ][ p ] specifies the difference of the height values of the patch with
ent atlas tile, with tile ID equal to tileIB,'and the patch with index RefPatchldx in the

same ID as the current tile in the atlas frame that corresponds to the reference r
| 2d_delta_size_y[ tileID ][ p ] is not\present, it is inferred to be equal to 0.

-ide_3d_params_flag[ tileID Jp ] specifies whether the 3D parameters for the cu

| params_flag| tileID ][ p’] is not present, it is inferred to be equal to 0.

ffset_u[ tileID ][ p.\} specifies the difference between the shift to be applied t
d patch points along the tangent axis of the patch with index p in the current atlas tile
to tileID, and of the shift to be applied to the reconstructed patch points along the ta
nitch with index RefPatchldx in the atlas tile with the same ID as the current tile in the

brresponds to the reference refldx. The value of mpdu_3d_offset_u] tileID ][ p ] shall
[ —pasps.geometry_3d_bit_depth_minus1+1 4 1 ) to ( 2asps_geometry_3d_bit_depth_minus1+1 _ 1 ), incl

f the
n the
rence
s not

bf the
bf the
n the
rence
s not

index
atlas
bf1dx.

index
atlas
bf1dx.

rrent

current atlas tile, with tile-ID equal to tileID, are present in the bitstream. When mpdu_

b the
with
ngent
atlas
be in
1sive.

When mpdu] 3d (offset_u] tileID ][ p ] is not present, it is inferred to be equal to 0.
mpdu_3d_oHfset—v|tielDHpJspeeifies—thedifference—between—the—shiftto—be—appled—+b the

reconstructed patch points along the bi-tangent axis of the patch with index p in the current atlas tile,
with tile ID equal to tileID, and of the shift to be applied to the reconstructed patch points along the
bi-tangent axis of the patch with index RefPatchldx in the atlas tile with the same ID as the current tile
in the atlas frame that corresponds to refldx. The value of mpdu_3d_offset_v][ tileID ][ p ] shall be in the
range of ( _2asps_geometry_3d_bit_depth_minusl+1 +1 ) to ( 2asps_geometry_3d_bit_depth_minusl+1 -1 )’ inclusive.

When mpdu_3d_offset_v][ tileID ][ p ] is not present, it is inferred to be equal to 0.

mpdu_3d_offset_d[ tileID ][ p ] specifies the difference between the shift to be applied to the
reconstructed patch points along the normal axis of the patch with index p in the current atlas tile, with
tile ID equal to tilelD, and of the shift to be applied to the reconstructed patch points along the normal
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axis of the patch with index RefPatchldx in the atlas tile with the same ID as the current tile in the atlas
frame that corresponds to refldx, Mpdu3dOffsetD] tileID ][ p ], as follows:

Mpdu3dOffsetD[ tileID ][ p ] = mpdu_3d_offset_d[ tileID ][ p | << ath_pos_min_d_quantizer (33)

The value of mpdu_3d_offset_d[ tileID ][ p ] shall be in the range of ( -2asps_geometry 3d_bit depth_
minusl+1 4 1 to (2asps-geometry_3d_bit_depth_minusl+l _ 1 inclusive. When mpdu_3d_offset_d[ tileID ][ p ] is
not present, it is inferred to be equal to 0.

mpdu_3d_range_d]| tileID ][ p ], if present, specifies the difference between the nominal maximum
value of the shift expected to be present in the reconstructed bit depth patch geometry samples, after
convérsion to their nominal representation, in the patch with index p of the current atlas tile, with tile
ID ecjual to tilelD, along the normal axis and of the nominal maximum value of the shift|expected to
be prlesent in the reconstructed bit depth patch geometry samples, after conversion-to their nominal
reprgsentation of the patch with index RefPatchldx in the atlas tile with the samé&AD"as th¢ current tile
in the atlas frame that corresponds to refldx, Mpdu3dRangeD| tileID ][ p ], as follows:

Mpdu3dRangeD] tileID ][ p ] = (mpdu_3d_range_d[ tileID [[p]==0) ?

0 : (mpdu_3d_range_d| tileID ][ p ] << ath_pos_delta_max_d_guantizer) - 1 (34)

If mp assumed to

be eqr
mpdy_override_plr_flag] tileID ][ p ] specifies whether the'point local reconstruction parpmeters may
be oy

erwritten by new parameters that are present in-tlie bitstream for the patch with imdex p of the
currgnt atlas tile, with tile ID equal to tilelD.

du_3d_range_d][ tileID ][ p ] is not present the value of Mpdu3dRangeD] tileID ][ p ] is
al to 0.

8.4.7|6 Inter patch data unit semantics

ipdu
index
be in
itis il

ref_index| tileID ][ p ] specifies the atlas reference frame index, refldx, for the current patch with
p of the current atlas tile, with tile ID“equal to tileID. The value of ipdu_ref_index| tile[D ][ p ] shall
the range of 0 to NumRefldxActive™ 1, inclusive. When ipdu_ref_index] tileID ][ p ] i§not present,
pferred to be equal to 0.

ipdu
tile, v
corre

[ patch_index| tileID ][ p:]sspecifies the index, RefPatchldx, of the patch with index p in the atlas
vith tile ID equal to tilelD, with the same ID as the current tile address in the atlas frame that
sponds to index refldx in the current reference atlas frame list.
orner of the

ipdu/2d_pos_x] tilelD-| p ] specifies the difference of the x-coordinate of the top-left ¢

patch
the x
the a

bounding box of the patch with index p in the current atlas tile, with tile ID equal to
coordinateof the top-left corner of the patch bounding box of the patch with index Re
las tile with the same ID as the current tile in the atlas frame that is associated with {

tileID, and of
fPatchldx in
he reference

refldk, expfessed as a multiple of PatchPackingBlockSize.

ipduf2d/pos_y] tileID ][ p ] specifies the difference of the y-coordinate of the top-left dorner of the
patch bounding box of the patch with index p in the current atlas tile, with tile ID equal to tileID, and of
the y-coordinate of the top-left corner of the patch bounding box of the patch with index RefPatchldx in
the atlas tile with the same ID as the current tile in the atlas frame that is associated with the reference
refldx, expressed as a multiple of PatchPackingBlockSize.

ipdu_2d_delta_size_x|[ tileID ][ p ] specifies the difference of the width values of the patch with index
p in the current atlas tile, with tile ID equal to tileID, and the patch with index RefPatchldx in the atlas
tile with the same ID as the current tile in the atlas frame that is associated with the reference refldx.

ipdu_2d_delta_size_y| tileID ][ p ] specifies the difference of the height values of the patch with index p
in the current atlas tile, with tile ID equal to tileID, and the patch with index RefPatchldx in the atlas tile
with the same ID as the current tile in the atlas frame that corresponds to the reference refldx.
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ipdu_3d_offset_u[ tileID ][ p ] specifies the difference between the shift to be applied to the
reconstructed patch points along the tangent axis of the patch with index p in the current atlas tile,
with tile ID equal to tilelD, and of the shift to be applied to the reconstructed patch points along the
tangent axis of the patch with index RefPatchldx in the atlas tile with the same ID as the current tile
in the atlas frame that corresponds to the reference refldx. The value of ipdu_3d_offset_u[ tileID ][ p ]
shall be in the range of ( —2asps_geometry_3d_bit depth_minus1+1 4 1 ) to ( 2asps_geometry_3d_bitdepth_minus1+1 _ 1 ),
inclusive.

ipdu_3d_offset_v[ tileID ][ p ] specifies the difference between the shift to be applied to the
reconstructed patch points along the bi-tangent axis of the patch with index p in the current atlas tile,
with tile ID equal to tilelD, and of the shift to be apphed to the reconstructed patch points along the

bi-tangent a
in the atlas

ame that corresponds to refldx. The value of ipdu_3d_offset_v][ tileID ][ p ] shall-be

range Of( —2psps_geometry_3d_bit_depth_minusl+l 4 1 ) to ( 2asps_geometry_3d_bit_depth_minusl+1 _ 1 ), idchrsive.
ipdu_3d_offiset_d[ tileID ][ p ] specifies the difference between the shift to be_applied tp the
reconstructé¢d patch points along the normal axis of the patch with index p in the current atlas tile[ with

tile ID equal
axis of the p
frame that c

Ipdu3dOffsetD] tileID ][

The value of
to ( 2asps_geo

ipdu_3d_razi
value of the
conversion t
equal to tile
be presenteq
representati
in the atlas f]

Ipdu3dR]

Ifipdu_3d_r
equal to 0.

8.4.7.7 RA

rpdu_patch
associated w

to tileID, and of the shift to be applied to the reconstructed patch points along the n
htch with index RefPatchldx in the atlas tile with the same ID as the‘current tile in the
brresponds to refldx, Ipdu3dOffsetD] tileID ][ p ], as follows:

p ] = ipdu_3d_offset_d] tileID ][ p ] << ath_posymin_d_quantizer

pdu_3d_offset_d[ tileID ][ p ] shall be in the range of ( —28sps-geometry_3d_bit_depth_minus1+
netry_3d_bit_depth_minus1+1 _ 1 )’ inclusive.

nge_d[ tileID ][ p ], if present, specifies the difference between the nominal max
Khift expected to be present in the reconstructed bit depth patch geometry samples,
p their nominal representation, in the patch with index p of the current atlas, with t
D, tile along the normal axis and of the\iominal maximum value of the shift expect
| in the reconstructed bit depth patchigeometry samples, after conversion to their no
pon of the patch with index RefPatchldx in the atlas tile with the same ID as the currel
Fame that corresponds to refldx, [pdu3dRangeD]| tileID ][ p ], as follows:

angeD| tilelD ][ p ] = (ipdus3d_range_d[ tileID [[p]==0)7?
: (ipdu_3d_range_d[ titelD ][ p ] << ath_pos_delta_max_d_quantizer ) - 1

inge_d| tileID ][ p\is not present, the value of Ipdu3dRangeD] tileID ][ p ] is assumed

W patch.data unit semantics

|in_auxiliary_video_flag| tileID ][ p ] specifies whether the geometry and attribute
ithrthe RAW coded patch with index p in the current atlas tile, with tile ID equal to {

mum
after
ile ID
ed to
minal
ht tile

(36)

to be

data
ileID,

are encoded

ntan anviliayg nateh 1n Avrgilingeyg

Adeo-sub-bitstream—Hf¥rodu ridan flnnr tHelD 1r

oot TOCO—STo-oTtotT TPt v T C O TS —cTIItT

U_pocCi oo Aoy

Hp ]is

equal to 0, the geometry and attrlbute data associated with the RAW coded patch p in the current atlas
tile are encoded in the corresponding 15t non auxiliary map video sub-bitstream. If rpdu_patch_in_
auxiliary_video_flag[ tileID ][ p ] is equal to 1, the geometry and attribute data associated with the RAW
coded patch p in the current atlas tile are encoded in the corresponding auxiliary video sub-bitstream. If
rpdu_patch_in_auxiliary_video_flag| tileID ][ p ] is not present, its value shall be inferred to be equal to 0.

rpdu_2d_pos_x][ tileID ][ p ] specifies the x-coordinate of the top-left corner of the patch bounding box
size for the RAW coded patch p in the current atlas tile, with tile ID equal to tileID, expressed as a
multiple of PatchPackingBlockSize.

rpdu_2d_pos_y] tilelD ][ p ] specifies the y-coordinate of the top-left corner of the patch bounding box
size for the RAW coded patch p in the current atlas tile, with tile ID equal to tilelD, expressed as a
multiple of PatchPackingBlockSize.
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rpdu_2d_size_x_minus1] tileID ][ p ] plus 1 specifies the width value of the RAW coded patch with

index p in the current atlas tile, with tile ID equal to tilelD.

rpdu_2d_size_y_minus1] tileID ][ p ] plus 1 specifies the height value of the RAW coded patch with

index p in the current atlas tile, with tile ID equal to tilelD.

rpdu_3d_offset_u] tileID ][ p ] specifies the shift to be applied to the reconstructed RAW
in the patch with index p of the current atlas tile, with tile ID equal to tileID, along the tang

patch points
ent axis. The

number of bits used to represent rpdu_3d_offset_u] tileID ][ p ] is ( ath_raw_3d_offset_axis_bit_count_

minusl +1).

rpdu_3d offset v| tileID specifies the shift to be applied to the reconstructed RAW
in the patch with index p of the current atlas tile, with tile ID equal to tileID, along the bi-
The pumber of bits used to represent rpdu_3d_offset_v[ tileID ][ p ] is ( ath_raw_3d_offi
coun{_minusl + 1).

rpdul 3d_offset_d] tileID ][ p ] specifies the shift to be applied to the reconstriicted RAW

patch points
fangent axis.
set_axis_bit_

patch points

in the patch with index p of the current atlas tile, with tile ID equal to tileIDsalong the normal axis. The

number of bits used to represent rpdu_3d_offset_d][ tileID ][ p ] is ( ath_raw_3d_offset_ax
minupl + 1).

rpdul points_minus1] tileID ][ p ] plus 1 specifies the number_6f\RAW points present
patch with index p in the current atlas tile, with tile ID equal to tileID. The value of i
51[ tileID ][ p ] shall be in the range of 0 to ( ( rpdu_2d_size=x_minus1] tileID ][ p ] + 1]
_y_minus1[tileID][p]+1)) /3 -1, inclusive.

8.4.7|8 EOM patch data unit semantics

epdu
the ¢

| patch_in_auxiliary_video_flag| tileID ][ p{\specifies whether the attribute data ass
irrent EOM patch with index p in the cufrent atlas tile, with tile ID equal to tilelD,
in an|auxiliary video sub-bitstream. If epduspatch_in_auxiliary_video_flag[ tileID J[ p ] i
the aftribute data associated with the EQM patch with index p in the current atlas tile
in the corresponding 15t non auxiliary~map video sub-bitstream. If epdu_patch_in_aux

s_bit_count_

in the RAW
pdu_points_
* (rpdu_2d_

ociated with
are encoded
5 equal to 0,
are encoded
iliary_video_

flag] tileID ][ p ] is equal to 1, the attribute data associated with the current EOM patch with index p in

the chirrent atlas tile are encoded.in the corresponding auxiliary video sub-bitstream. If
in_aulxiliary_video_flag[ tileIDJ{\p'] is not present, its value shall be inferred to be equal to

epdu 2d_pos_x| tileID ][,p ].specifies the x-coordinate of the top-left corner of the patch b
size flor the current EOM:patch p in the current atlas tile, with tile ID equal to tilelD, ex
multiple of PatchPackingBlockSize.

epdu 2d_pos_y{tileID ][ p ] specifies the y-coordinate of the top-left corner of the pat|
box dize for the‘current EOM patch with index p in the current atlas tile, with tile ID eq|
exprgssed as:a multiple of PatchPackingBlockSize.

epdu_patch_
0.

ounding box

pressed as a

ch bounding
ual to tilelD,

epdul_2d/size_x_minus1] tileID ][ p ] plus 1 specifies the width value of the current EO}

1 patch with

indexpimthecurrentatias tite, withr tite tDequat to titetd:

epdu_2d_size_y _minusl]| tileID ][ p ] plus 1 specifies the height value of the current EOM patch with

index p in the current atlas tile, with tile ID equal to tilelD.

epdu_patch_count_minus1] tileID ][ p ] plus 1 indicates the number of associated patches

that contain

EOM points in the decoded occupancy video for the current EOM patch with index p in the current atlas

tile, with tile ID equal to tileID. When not present epdu_patch_count_minus1[ tileID ][ p ] i
be equal to 0.

NOTE An EOM patch infers additional geometry information from the occupancy. If attribute

additional information for the attribute data exists in the EOM associated patches in the map with
corresponding attributes.
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epdu_associated_patch_idx[ tileID |[ p ][ i ] indicates the associated patch index of the i-th patch
specified in the current EOM patch with index p, in the current atlas tile with tile ID equal to tilelD,
which is associated with a number of EOM attribute points as indicated by the syntax element epdu_
points| tileID ][ p ][ i ]. The value of epdu_associated_patch_idx| tileID ][ p ][ i ] shall be in the range 0 to
AtduTotalNumPatches| tileID ] - 1, inclusive.

It is a requirement of bitstream conformance that, if ath_type is equal to I_TILE, that the value of atdu_
patch_mode][ tileID ][ epdu_associated_patch_idx][ tileID ][ p ][ i] ] shall not be equal to I_RAW or I_EOM,
and, if ath_type is equal to P_TILE, that the value of atdu_patch_mode][ tileID ][ epdu_associated_patch_

idx][ tileID ][

epdu_point
in the curret
EOM attribu

8.4.7.9 Paintlocal reconstruction data semantics

Let the varia
defined as fq

p[i]] shall not be equal to P.RAW or P_EOM.

t M patch wi de i te currn tla ile, ie eq
Les. When not present epdu_points] tileID ][ p ][ i] is inferred to be equal to 0.

CO

ble BSize be equal to PatchPackingBlockSize. Then the function Block€nt( xSize, ySi?
llows:

ecified

ntain

re ) is

BlockCnf( xSize, ySize ) = ( ( xSize + BSize - 1) / BSize ) * ( ( ySize + BSiz€ ~ 1) / BSize ) (37)
This funcfion can be used to determine the number of Dblocks of | size
PatchPackingBlockSize x PatchPackingBlockSize that are assocjatéd with a patch. For example,|for a

patch p of si
equal to Blog

NOTE1l In
TilePatch2dS

plrd_level|[
enabled, is g
with index p
is equal to 0
plrd_present
[i] are pres
equal to 1, t
plrd_present
bitstream fo
to tileID. In t

plrd_preser
block_mode]
of the patch

[ p ][ mapld

ze TilePatch2dSizeX] tileID ][ p ] x TilePatch2dSizeY] tileID ][ p ], the number of blo
kCnt( TilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY[ tileID ][ p ] ).

order to parse point local reconstruction¢data, the TilePatch2dSizeX[ tileID ][ p
zeY[ tileID ][ p ] information needs to be previeusly derived.

[ileID ][ p ][ mapldx ] indicates the level at which point local reconstruction data,
resent in the bitstream for a map, With index mapldx, associated with the current

in the current atlas tile, with tile-ID equal to tileID. When plrd_level[ tileID ][ p ][ ma
this syntax element indicates that point local reconstruction data and the syntax ele
_block_flag] tileID ][ p ][ mapldx ][ i ] and plrd_block_mode_minus1| tileID ][ p ][ maj
ent in the bitstream for-éach block of the map. When plrd_level[ tileID ][ p ][ mapld
his syntax element indicates that point local reconstruction data and the syntax eler
_flag[ tileID ][ p ][ mapldx ] and plrd_mode_minus1] tileID |[ p ][ mapldx ] are present
I the entire map, with index mapldx, of the patch p in the current atlas tile with tile ID
his case, all bloeks of the map mapldx shall use the same point local reconstruction da

1t_block_flag| tileID ][ p ][ mapldx ][ i ] equal to 1 indicates that the syntax element
minusif-tileID ][ p ][ mapldx ][ i] is present in the bitstream for block i of the map m
p in the current atlas tile, with tile ID equal to tileID. plrd_present_block_flag[ ti
K Jl(i-] equal to 0 indicates that the syntax element plrd_block_mode_minus1]| tileID

Cks is
and

when
patch
bldx |
nents
pIdx |
X |is
nents
n the
equal
ta.

plrd_
hpldx
elD ]
Ilp]

[ mapldx ][ i

] 4 - 41 losi ot
1 IS5 TTUL PITOTIIT HT UIT UILSUT TAIIT.

plrd_block_mode_minus1[ tileID ][ p ][ mapldx ][ i ] plus 1 indicates the point local reconstruction
mode, plrBlkMode, selected from the list of point local reconstruction modes of size plri_number_of_
modes_minus1[ mapldx ] plus 1 and defined by the syntax elements plri_interpolate_flag] mapldx ]
[ plrBlkMode ], plri_filling_flag] mapldx ][ plrBlkMode ], plri_minimum_depth[ mapldx ][ plrBlkMode ],
and plri_neighbour_minus1[ mapldx ][ plrBlkMode ] for block i of the map with index mapldx of the
patch p in the current atlas tile, with tile ID equal to tileID. plrd_block_mode_minusl] tileID ][ p ]
[ mapldx ][ i] shall be in the range of 0 to plri_number_of_modes_minus1[ mapldx ], inclusive.

NOTE 2  When PLR mode is equal to 0 at the block or patch level, it is not signalled in the bitstream. The
value 0 corresponds to a default mode value of PLR which is implemented by the values of the syntax elements
plri_interpolate_flag[ mapldx ][ 0 ], plri_filling_flag[ mapldx ][ O ], plri_minimum_depth[ mapldx ][ 0 ], and plri_
neighbour_minus1[ mapldx ][ 0 ].

86 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

plrd_present_flag[ tileID ][ p ][ mapldx ] equal to 1 indicates that the syntax element plrd_mode_
minusl[ tileID ][ p ][ mapldx ] is present in the bitstream for the map with index mapldx of the patch p
in the current atlas tile, with tile ID equal to tileID. plrd_present_flag[ tileID ][ p ][ mapldx ] equal to 0
indicates that the syntax element plrd_block_mode_minus1] tileID ][ p ][ mapldx ][ i ] is not present in
the bitstream.

plrd_mode_minus1| tileID ][ p ][ mapldx ] plus 1 indicates the point local reconstruction mode,
plrMode, selected from the list of point local reconstruction modes of size plri_number_of_modes_
minus1[ mapldx ] plus 1 and defined by the syntax elements plri_interpolate_flag][ mapldx ][ plrMode ],
plri_filling_flag[ mapldx ][ plrMode ], plri_minimum_depth[ mapldx ][ plrMode |, and plri_neighbour_
minus1[ mapldx ][ plrMode ] for all blocks of the map with index mapldx of the patch p in the current
atlas 1e range of 0
to ply

L | LR P | hanY 1 4 P S A aY 1 | 1 . AL el 1IN 1 1L L.l 1 h 111 - =
LIIC, WILIT LIIT T TYUdl LU LIICID. PITU_TIUOUC_TIIITTUS LT LIHCTD 11 P || HIdPIUA T SI1d1T' DT 11Tt
i_number_of_modes_minus1[ mapldx ], inclusive.

8.4.8 Supplemental enhancement information message semantics

ndSize of the
tage payload
SEI message

Each [SEI message consists of the variables specifying the type payloadTypeandsize paylo
SEI njessage payload. SEI message payloads are specified in Annex F. The derived SEI mes
size payloadSize is specified in bytes and shall be equal to the numperlof bytes in the
payldad.

sm_payload_type_byte is a byte of the payload type of an SEI message.

sm_payload_size_byte is a byte of the payload size of an SElmessage.

9 Decoding process

9.1 |General decoding process

Inputj to this process is a V3C bitstream or a,collection of V3C sub-bitstreams.

Outp
the o
with

The

codin
such
assod
procq
corre
this d

If thd

1t of this process is the decoded atlas information, a set of decoded video streams, corr
Ccupancy, geometry and attribute, if available, V3C components and other informatio
Lhe CVS, all of which are needed to perform the 3D reconstruction process as specified

lecoding process is spedified such that all decoders that conform to a specific

g specification ands, potentially, a specific profile, tier and level that may be de
specification, withproduce numerically identical outputs when invoking the deco
iated with thaf profile for a bitstream conforming to that profile, tier and level. A
ss that prodiices identical outputs to those produced by the process described herg
ct outputOrder or output timing, as specified) conforms to the decoding process req
ocument.

imput to this process is a V3C bitstream then the V3C bitstream is parsed and d

esponding to
n associated
in Clause 10.

image/video
fined within
ling process
ny decoding
in (with the
nirements of

emultiplexed

into

several V3C sub-bitstreams, as specified in subclause 9.6.2 or by external mean

5, with each

sub-bitstream corresponding to a different set of information. In particular, the V3C bitstream is
demultiplexed into one or more atlas bitstreams, if multiple atlases are present, and their associated
video bitstreams. Video bitstreams for each atlas may include occupancy, geometry and attribute
components.

For each atlas, identified by a variable DecAtlasID, which is set equal to vuh_atlas_id or determined
through external means if the V3C unit header is unavailable, the following decoding processes are
invoked on each of its associated V3C sub-bitstream component:

— The decoding process for the V3C sub-bitstream component corresponding to the atlas component,
which is determined through either examining if vuh_unit_type is equal to V3C_AD or through
external means if the V3C unit header is unavailable, is as specified in subclause 9.2. This V3C sub-
bitstream is also referred to as AtlasBitstreamToDecode in this document.
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— The decoding process for the V3C sub-bitstream component corresponding to the occupancy
component, which is determined through either examining if vuh_unit_type is equal to V3C_OVD or
through external means if the V3C unit header is unavailable, is as specified in subclause 9.3.

— The decoding process for the V3C sub-bitstream component corresponding to the geometry
components, which is determined through either examining if vuh_unit_type is equal to V3C_GVD
or through external means if the V3C unit header is unavailable, is as specified in subclause 9.4.

— The decoding process for the V3C sub-bitstream component corresponding to the attribute
components, which is determined through either examining if vuh_unit_type is equal to V3C_AVD
or through external means if the V3C unit header is unavailable, is as specified in subclause 9.5.

process may include additional processing steps required to convert the decoded pideo
streams to 4 nominal format, i.e. a nominal resolution, bit depth, chroma format, etc.. Such eonvdrsion
process is opitside the scope of this document. However, for purposes of conformance t6)point|B, as
defined in Apnex A, an example process is described in Annex B.

Outputs defined in subclauses 9.2, 9.3, 9.4 and 9.5 may have an assigned compositien’time and output
order index.|The composition time and the output order index may be provided ither in the bitsffream
or by externpl means not specified in this document. The composition time and the output order jndex
may be utilized to determine timing relationships of and synchronize V3C gonmponents, and to perform
operations as defined in Annex B, if required.

NOTE Fof example, for a video sub-bitstream coded using ISO/IEC 23008-2, the output order index dan be
associated with the picture order count value of each frame in the sub-bitstrream, as specified in ISO/IEC 23008-2.

9.2 Atlas data decoding process

9.2.1 Genegral atlas data decoding process

Input to thif process is the atlas sub-bitstream corresponding to the atlas NAL units of the|atlas
component With atlas ID DecAtlasID of the V3C bitstream.

Outputs ofr'j:s process are:

— thenu

er of decoded atlas frameS§yNumDecAtlasFrames,

N

— for each|decoded atlas frame, the corresponding upper-case variables from subclauses 9.2.5 or|9.2.
or both,

— for eacl] decoded atlas_frame, the associated geometry, attribute and occupancy paranjeters
containgd in non-AGLNAL units, and

— the following 1D.arrays of size NumDecAtlasFrames:

— DecAtlasOutOrdldx, indicating the atlas output order index, and

— DecAtlasCompTime, indicating the atlas composition time.

If the atlas sub-bitstream is encapsulated using the V3C sample stream format, as defined in Annex C,
then the composition time can be derived using the atlas frame order count, AFOC, or atlas frame timing
information, if available. If the atlas sub-bistream is encapsulated within the ISO media file format, the
atlas composition time, DecAtlasCompTime, for the atlas sub-bitstream is indicated according to ISO/
[EC DIS 23090-10. Otherwise, the atlas composition time is provided through external means and it is
outside the scope of this document.

Subclause 9.2.2 is repeatedly invoked for each coded atlas frame in the current atlas bitstream to be
decoded, in decoding order.
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9.2.2 Decoding process for a coded atlas frame

The decoding processes specified in this subclause apply to each coded atlas frame with nal_layer_id
equal to 0, referred to as the current atlas frame and denoted by the atlas ID DecAtlaslD, in the current
atlas component bitstream.

The decoding process for the current atlas frame takes as inputs the syntax elements and upper-case
variables from Clause 8. When interpreting the semantics of each syntax element in each NAL unit, the
term "the bitstream" (or part thereof, e.g., a CAS of the bitstream) refers to the current atlas component
bitstream (or part thereof).

Whe

the current atlas frame is a BLA atlas frame that has nal unit tvpe equal to NAL

LA W_LP or

NAL_GBLA_W_LP, or is a CRA atlas frame, the following applies:

If some external means not specified in this document is available to)'set
UseAltCabParamsFlag to a value, UseAltCabParamsFlag is set equal to the value pr
external means.

(therwise, the value of UseAltCabParamsFlag is set equal to 0.

When the current atlas frame is an IRAP coded atlas frame, the following applies:

F the current atlas frame is an IDR atlas frame, a BLA atlas)frame, the first atlas

ecoding order, the variable NoOutputBeforeRecoveryFlag is set equal to 1.

et equal to HandleCraAsBlaFlag.

(Qtherwise, the variable HandleCraAsBlaFlag is set equal to 0 and

NoOutputBeforeRecoveryFlag is set ggual to 0.
ecoding process operates as follows for the current atlas frame:

The decoding of atlas NAL units is specified in subclause 9.2.3.

the atlas tile headerJayer and above:

1) Variables and functions relating to the atlas frame order count are derived a

subclause'9.2.4.1.

At the)beginning of the decoding process for each atlas tile, the reference at

atlas frame list, RefAtlasFrmList.

|
Bitstream in decoding order, or the first atlas frame that follows an end of sequence
d

(therwise, if some external means not specified imthis document is available to set
HandleCraAsBlaFlag to a value for the current atlas’frame, the variable HandleCraAsBlaFlag is set
equal to the value provided by the external meaiis and the variable NoOutputBeforeRe

S

the variable
oyided by the

'rame in the
NAL unit in

the variable

roveryFlag is

the variable

The processes in subclause 9.2.4 specify the following decoding processes using syntax elements in

s|specified in

13s frame list

construction process specified in subclause 9.2.4.3 is invoked for the derivation of fhe reference

3)

The reference atlas frame marking process in subclause 9.2.4.4 is invoked, wherein reference

atlas frames might be marked as "unused for reference" or "used for long-term reference".

4) When the current atlas frame is a BLA atlas frame or is a CRA atlas

NoOutputBeforeRecoveryFlag equal to 1, the decoding process for generatin

frame with
g unavailable

reference atlas frames specified in subclause 9.2.4.2 is invoked, which needs to be invoked only

for the first atlas tile of an atlas frame.
5) The variable AtlasFrameOutputFlag is set as follows:

i)

If the current atlas frame is a RASL atlas frame and NoOutputBeforeRecoveryFlag of the

associated IRAP coded atlas frame is equal to 1, AtlasFrameOutputFlag is set equal to 0.
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Otherwise, AtlasFrameOutputFlag is set equal to ath_atlas_output_flag.

c) The processes in subclause 9.2.5 specify the patch decoding processes according to the patch mode
as follows:

iy
2)
3)
4)
5)
6)

Dec
Dec

d) Thepro

all patcH

After all
as "used

f)

A proce;
to atlas

9.2.3 Atla

Inputs to th
NAL units.

Outputs of

The decodi
unit and the

9.2.4 Atla

9.2.4.1 At
Output of th

Atlas frame
conformanc

Each coded

Decoding of intra coded patches is specified in subclause 9.2.5.2.
Decoding of skip mode coded patches is specified in subclause 9.2.5.3.
Decoding of merge mode coded patches is specified in subclause 9.2.5.4.

Decoding of inter coded patches is specified in subclause 9.2.5.5.

bding of RAW coded patches is specified in subclause 9.2.5.6.
bding of EOM coded patches is specified in subclause 9.2.5.7.

fess in subclause 9.2.6 specifies the creation of the block to patch map aftérthe decod
es present within the current atlas tile.

atlas tiles associated with the current atlas have been decoded, the current atlas is m
for short-term reference".

s is defined in subclause 9.2.7 that specifies the conversion of'tile level patch inform
evel patch information.

r NAL unit decoding process
S

t“Tgis process are the parsed RBSP syntax$trtctures encapsulated within the atlas NAL

process for each atlas NAL unit.extracts the RBSP syntax structure from the atlas
 parses the RBSP syntax structure.

k tile header decoding process

las frame order count derivation process

order counts-are used to identify the output order of atlas frames, as well as for de
e checking,

atlas,“frame is associated with an atlas frame order count variable, denote

s process is AtlasErmOrderCntVal, the atlas frame order count of the current atlas til¢.

ing of

hrked

ation

process are atlas NAL units of the current atlas frame and their associated nomn-ACL

1nits.

NAL

h

roder

d as

AtlasFrmOrqlerCntVal.

When the current atlas frame is not an IRAP coded atlas with NoOutputBeforeRecoveryFlag equal to 1,
the variables prevAtlasFrmOrderCntLsb and prevAtlasFrmOrderCntMsb are derived as follows:

thatisn

ota RASL, RADL, or SLNR coded atlas.

atlas_frm_order_cnt_lsb, of prevAtlasFrm.

90
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— If the current atlas is an IRAP coded atlas with NoOutputBeforeRecoveryFlag equal to 1,
AtlasFrmOrderCntMsb is set equal to 0.

— Otherwise, AtlasFrmOrderCntMsb is derived as follows:

if( (ath_atlas_frm_order_cnt_Isb < prevAtlasFrmOrderCntLsb ) &&
( ( prevAtlasFrmOrderCntLsb - ath_atlas_frm_order_cnt_lsb ) >=
( MaxAtlasFrmOrderCntLsb /2)))

AtlasFrmOrderCntMsb =

Al

Atlas
Al
The ¥

Atlas
notb

The f]
A

The f]

DiiffAtlasFrm©nderCnt( aFrmA, aFrmB ) =

prevAtlaskFrmOrderCntMsb + MaxAtlaskFrmOrderCntLsb

else if( ( ath_atlas_frm_order_cnt_Isb > prevAtlasFrmOrderCntLsb ) &&
( (ath_atlas_frm_order_cnt_lsb - prevAtlasFrmOrderCntLsb ) >
( MaxAtlasFrmOrderCntLsb /2)))

tlasFrmOrderCntMsb =
prevAtlasFrmOrderCntMsb - MaxAtlasFrmOrderCntLsb
else
tlasFrmOrderCntMsb = prevAtlasFrmOrderCntMsb

FrmOrderCntVal is derived as follows:
tlasFrmOrderCntVal = AtlasFrmOrderCntMsb-# ath_atlas_frm_order_cnt_Isb
ralue of AtlasFrmOrderCntVal shall bg in the range of -231 to 231 - 1, inclusive. In

FrmOrderCntVal values for any twé’coded atlas frames with the same value of nal_l
e the same.

hinction AtlasFrmOrderCntfaFrmX) is specified as follows:

tlasFrmOrderCnt( aFrmX/) = AtlasFrmOrderCntVal of the atlas frame aFrmX

inction DiffAtlasFrmOrderCnt( aFrmA, aFrmB ) is specified as follows:

AtlasFrmOrderCnt( aFrmA ) - AtlasFrmOrderCnt( aFrmB )

The

used inthe dprnding process that are notin the range aof =215 +q 215 _ 1, inclusive

itstream shall not contain data that result in values of DiffAtlasFrmOrderCnt( aFr

(38)

(39)

(40)

(41)

bne CAS, the
ayer_id shall

(42)

(43)

mA, aFrmB)

NOTE

Let X be the current atlas frame and Y and Z be two other atlas frames in the same

CAS. Y and Z

are considered to be in the same output order direction from X when both DiffAtlasFrmOrderCnt( X, Y ) and
DiffAtlasFrmOrderCnt( X, Z ) are positive or both are negative.
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9.2.4.2 Decoding process for generating unavailable reference atlas frames

9.2.4.2.1 General

This process is invoked once per coded atlas frame when the current atlas frame is a BLA atlas frame or
a CRA atlas frame with NoOutputBeforeRecoveryFlag equal to 1.

NOTE This process is primarily for the specification of syntax constraints for RASL atlas frames. The
entire specification of the decoding process for RASL atlas frames associated with an IRAP coded atlas frame
that has NoOutputBeforeRecoveryFlag equal to 1 is included herein only for purposes of specifying constraints
on the allowed syntax content of such RASL atlas frames. Durlng the decodmg process any RASL atlas frames

associated wj
as these atlas
frames that a

need to be talf

When this p

— For each
is equal
and the

— The
the

— If st
geng
mar

— Oth
Atlal
of a
to (
marp

— The

— RefAtlasFrmList[ j | is set td be the generated reference atlas frame.

— The
the

— The
ath |

— The
atla

Fe specified for output. However, in HRD operations as specified in Annex E, RASL access uni

en into consideration in derivation of coded atlas frame buffer (CAB) arrival and remoyal tin

rocess is invoked, the following applies:

to "no reference atlas frame", an atlas frame is generated as specified.in subclause 9.2
following applies:

value of nal_layer_id for the generated atlas frame is set equal to the nal_layer_id va
current atlas frame.

| ref_atlas_frame_flag[ Rlsldx ][ j ] is equal to 1 thesyalue of AtlasFrmOrderCntVal fc
brated atlas frame is set equal to RefAtlasFrmLiSt[*j | and the generated atlas fra
ked as "used for short-term reference".

erwise, when st_ref atlas_frame_flag[ Rlskdx ][ j ] is equal to 0 the val
sFrmOrderCntVal for the generated atlasframe is set equal to RefAtlasFrmList[j ], the
h_atlas_frm_order_cnt_Isb for all tiles in"the generated atlas frame is inferred to be

ked as "used for long-term reference".

value of AtlasFrameOutputFlag for the generated reference atlas frame is set equal tq

value of TemporallD for the generated atlas frame is set equal to the TemporallD va
current atlas framel

atlas_frame-parameter_set_id of the current atlas frame.

valye of nal_layer_id for the generated atlas frame is set equal to nal_layer_id of the cu
5 fame.

RefAtlasFrmList[ j ], with j in the range of 0 to num_ref_entries[ Rlsldx}- 1, inclusivsg,

that
4.2.2

ue of

r the
me is

le of
value
equal

RefAtlasFrmList[ j | & ( MaxAtlasFpmOrderCntLsb - 1) ), and the generated atlas frajme is

ue of

value of ath.atlas_frame_parameter_set_id for the generated atlas frame is set eqyal to

rrent

9.2.4.2.2 Generation of one unavailable atlas frame

When this process is invoked, an unavailable atlas frame is generated as follows:

— For all tiles that are associated with this atlas frame the following applies:

for(t=0; t<=afti_num_tiles_in_atlas_frame_minus1; t++) {

92

tileID = TileIndexToID( t)

AtduTotalNumPatches] tileID | = MaxNumProjPatches

for( p = 0; p<= AtduTotalNumPatches]| tileID ]; p++ ) {
TilePatchType] tileID ][ p ] = PROJECTED

TilePatch2dPosX[ tileID [[p] =0
TilePatch2dPosY[ tileID ][p] =0
TilePatch2dSizeX][ tileID [[p] =1
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TilePatch2dSizeY[ tileID J[p] =1
TilePatch3dOffsetU[ tileID [[p] =0
TilePatch3dOffsetV[ tileID ][ p] =0
TilePatch3dOffsetD|[ tileID ][[p] =0
TilePatch3dRangeD|[ tileID |[p] =1
TilePatchProjectionID[ tileID ][ p] =0
TilePatchOrientationIndex[ tileID ][ p] =0
TilePatchLoDScaleX][ tileID J[p] =1
TilePatchLoDScaleY[ tileID [[p] =1

if(asps_plr_enabled_flag==1) {

-5:2021(E)

9.2.4
This

Refer
refer
the a
RefAt

At th
RAFIL
atlas

NOTE
check
frame

The 1
fq

for(m = 0; m <asps_map_count_minusl + 1; m++ )
TilePatchPlrdLevel[ tileID ][ p][m] =0

}

3 Reference atlas frame list construction process
brocess is invoked at the beginning of the decoding process for€ach atlas tile of an atl

ence atlas frames are addressed through reference indices.-A reference index is an
bnce atlas frame list (RAFL). When decoding an I_TILE atlas tile, no RAFL is used in
las tile data. When decoding a SKIP_TILE or a P_TILE atlas tile, a single reference atl
lasFrmList, is used in decoding of the atlas tile data:

e beginning of the decoding process for each atlas tile, the RAFL RefAtlasFrmlList is
is used in marking of reference atlas frames.as specified in subclause 9.2.4.4 or in de
tile data.

For an I_TILE atlas tile of an atlas frame, RefAtlasFrmList could be derived for bitstream
ing purposes, but its derivation is netinécessary for the decoding of the current atlas fran
s that follow the current atlas frame-in'decoding order.

eference atlas frame list RefAtlasFrmList is constructed as follows:

r(j =0, afocBase = AtlasFrmOrderCntVal; j < num_ref_entries[ Rlsldx |; j++) {
if( st_ref_atlas_frame_flag[ Rlsldx ][j]) {

RefAtlasErmAfocList[ j | = afocBase — DeltaAfocSt[ Rlsldx ][ j ]

if( therg-is-a reference atlas frame afA in the DAB with
AtlasFrmOrderCntVal equal to RefAtlasFrmAfocList[j ] )
RefAtlasFrmList[j ] = afA

else
RefAtlasFrmList[ j | = "no reference atlas frame"

afocBase = RefAtlasFrmAfocList[j ]

as frame.

index into a
decoding of
hs frame list,

derived. The
roding of the

conformance
e or for atlas

(44)

lelse{

if( there is a reference atlas frame afA in the DAB with
AtlasFrmOrderCntVal & ( MaxLtAtlasFrmOrderCntLsb - 1)
equal to FullAtlasFrmOrderCntLsbLt[ Rlsldx ][j])
RefAtlasFrmList[ j ] = afA
else
RefAtlasFrmList[ j | = "no reference atlas frame"

The first NumRefldxActive entries in RefAtlasFrmList are referred to as the active entries in
RefAtlasFrmList and the other entries in RefAtlasFrmList are referred to as the inactive entries in
RefAtlasFrmList.

© ISO/IEC 2021 - All rights reserved

93


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

If the current tile is a SKIP_TILE, then the array RefAtduTotalNumPatches is set equal to the array
AtduTotalNumPatches that corresponds to the first entry in the RefAtlasFrmList, RefAtlasFrmList[ O ].

It is a requirement of bitstream conformance that the following constraints apply:
— num_ref_entries[ Rlsldx ] shall not be less than NumRefldxActive.

— The atlas frame referred to by each active entry in RefAtlasFrmList shall be present in the DAB and
shall have TemporallD less than or equal to that of the current atlas frame.

— The atlas frame referred to by each entry in RefAtlasFrmList shall not be the current atlas frame.

— A shortytermr reference—attasframe—entry anmd—=a fong—termr Teference attas frame—emntyy in
RefAtlagFrmList of an atlas tile shall not refer to the same atlas frame.

— There shall be no long term reference atlas frame entry in RefAtlasFrmList for which,the-diffefence
betweer) the AtlasFrmOrderCntVal of the current atlas tile and the AtlasFrmOrderCntVal of thd atlas
frame rgferred to by the entry is greater than or equal to 224

— LetsetOfRefAtlasFrms be the set of unique atlas frames referred to by all entfies in RefAtlasFrinList
that haye the same nal_layer_id as the current atlas frame. The nufmber of atlas framles in
setOfRefAtlasFrms shall be less than or equal to asps_max_dec_atlas_fraime_buffering_minus], and
setOfRefAtlasFrms shall be the same for all atlas tiles of an atlas frarie:

— The atlds frames referred to by each active entry in RefAtlasFrmiList shall have exactly the [same
number [of tiles as the current atlas frame.

— The RefAtlasFrmList of all tiles in the current atlas frameshall contain the same unique atlas frames,
without| however, any restrictions in ordering of the réference atlas frames.

— When the current atlas frame, with nal_layer_id equal to a particular value layerID, is an IRAP ¢oded
atlas, there shall be no atlas referred to by an entt'y'in RefAtlasFrmList that precedes, in output prder
or decoding order, any preceding IRAP coded-atlas with nal_layer_id equal to layerID in decpding
order (When present).

— When the current atlas frame is not & RASL coded atlas associated with a CRA coded atlas| with
NoOutpyitBeforeRecoveryFlag equal;to 1, there shall be no atlas referred to by an active enfry in
RefAtlagFrmList that was generated by the decoding process for generating unavailable refefence
atlas frames for the CRA coded atlas associated with the current atlas.

— When the current atlas fraiie follows an IRAP coded atlas having the same value of nal_layer] id in
both dedoding order and dutput order, there shall be no atlas frame referred to by an active enfry in
RefAtlagFrmList thatprecedes that IRAP coded atlas in output order or decoding order.

— When tHe currentatlas frame follows an IRAP coded atlas having the same value of nal_layer_id and
all the lgading atlas frames, if any, associated with that IRAP coded atlas in both decoding ordqr and
output drder;, there shall be no atlas referred to by an entry in RefAtlasFrmList that precede§ that

IRAP co Hod atlac in ot aedor - dacnding arday
oSt St T OF =

TotrpoatT oot o atTotrtg o

— Whenthe currentatlas frame isa RADL coded atlas, there shall be no active entry in RefAtlasFrmList
that is an atlas frame that precedes the associated IRAP coded atlas of the RADL coded atlas in
decoding order.

9.2.4.4 Reference atlas frame marking process

This process is invoked once per atlas frame, after decoding of an atlas tile header and the decoding
process for RAFL construction for the atlas frame as specified in subclause 9.2.4.3, but prior to the
decoding of the atlas tile data. This process might result in one or more reference atlas frames in the
DAB being marked as "unused for reference" or "used for long-term reference".

v nmon

A decoded atlas frame in the DAB can be marked as "unused for reference", "used for short-term
reference"”, or "used for long-term reference", but only one among these three at any given moment
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during the operation of the decoding process. Assigning one of these markings to an atlas frame
implicitly removes another of these markings when applicable. When an atlas frame is referred to as
being marked as "used for reference”, this collectively refers to the atlas frame being marked as "used
for short-term reference" or "used for long-term reference" (but not both).

Short term reference atlas frames are identified by their nal_layer_id and AtlasFrmOrderCntVal
values. Long term reference atlas frames are identified by their nal_layer_id values and by the
Log2( MaxLtAtlasFrmOrderCntLsb ) least significant bits of their AtlasFrmOrderCntVal values.

For all cases, the following applies:

— For each long term reference atlas frame entry in RefAtlasFrmList, when the atlas frame is marked
as "used for short-term reference" and has the same nal_layer_id as the current atlas frgme, the atlas
frame is marked as "used for long-term reference".

— Hach reference atlas frame in the same nal_layer_id as the current atlas frame(in-the DAB that is not
eferred to by any entry in RefAtlasFrmList is marked as "unused for referénce".

—

9.2.5| Decoding process for patch data units

9.2.5|1 General decoding process for patch data units

Inputs to this process are the current patch index, p, of the current tile with tile ID equal fo tileID, and
the cyirrent patch mode, atdu_patch_mode[ tileID ][ p ].

Outppts of this process are several parameters associated with the current patch with patch index p,
inclugling its 2D and corresponding 3D location inforfmation.

More|specifically the following variables are derived:

TilePptchType] tileID ][ p ], which indicates whether the current patch with patch index p, of the current
tile with tile ID equal to tilelD, is using a projected, EOM, or RAW patch type.

TilePptchInAuxVideo[ tileID ][ p ] indicates whether the current patch with patch index p, gf the current
tile with tile ID equal to tilelD, is associated with the auxiliary video.

Let the variables horLimit and verLimit be computed as follows:

f( TilePatchInAuxVideo| tileID [[p]) {
horLimit = AuxVideoWidthNF
verLimit £ AuxTileHeight[ TileIDTolndex] tileID ] ]

blse {
horLimit = TileWidth[ TileIDTolndex| tileID ] ]
verLimit = TileHeight[ TileIDTolndex| tileID ] ]

TilePatch2dPosX] tileID ][ p ] specifies the x-coordinate of the top-left corner of the patch bounding box
for the current patch with patch index p, of the current tile with tile ID equal to tilelD, relative to the top
left corner of the current tile, in units of atlas samples. The value of TilePatch2dPosX] tileID ][ p ] shall
be in the range of 0 to horLimit - 1, inclusive.

TilePatch2dPosY]| tileID ][ p ] specifies the y-coordinate of the top-left corner of the patch bounding box
for the current patch with patch index p, of the current tile with tile ID equal to tilelD, relative to the top
left corner of the current tile, in units of atlas samples. The value of TilePatch2dPosY] tileID ][ p ] shall
be in the range of 0 to verLimit - 1, inclusive.

TilePatch2dSizeX] tileID ][ p ] specifies the width of the bounding box of the current patch with
patch index p, of the current tile with tile ID equal to tileID, in units of atlas samples. The value of
TilePatch2dSizeX] tileID ][ p ] shall be in the range of 1 to horLimit, inclusive.
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TilePatch2dSizeY[ tileID ][ p ] specifies the height of the bounding box of the current patch with
patch index p, of the current tile with tile ID equal to tileID, in units of atlas samples. The value of

TilePatch2dSizeY]| tileID ][ p ] shall be in the range of 1 to verLimit, inclusive.

Itis a requir

ement of bitstream conformance that the following conditions apply:

TilePatch2dPosX] tileID ][ p ] + TilePatch2dSizeX] tileID ][ p ] <= horLimit

TilePatch2dPosY| tileID ][ p ] + TilePatch2dSizeY][ tileID ][ p ] <= verLimit

If TileP
TilePat

TilePatch3d
the current
axis. The val

minusl +1 _ 1]

TilePatch3d
the current

th2dSizeY| tileID ][ p ] shall be integer multiples of PatchPackingBlockSize.

DffsetU] tileID ][ p ] specifies the shift to be applied to the reconstructed patdh-poi
batch with patch index p, of the current tile with tile ID equal to tilelD, alorig the ta
lue of TilePatch3dOffsetU] tileID ][ p ] shall be in the range of 0 to ( 2asps-geametry_3d_bit |
, inclusive.

DffsetV] tileID ][ p ] specifies the shift to be applied to the reconstracted patch poi
tch with patch index p, of the current tile with tile ID equal tgtileID, along the bi-ta

a
axis. The Va}fJe of TilePatch3dOffsetV[ tileID ][ p ] shall be in the range of-,to ( 2asps-geometry_3d_bit,

minusl +1 _ 1]

TilePatch3d
the current

axis. The val
minusl +1 _ 1

TilePatch3d
tile with tile
correspondi

, inclusive.

DffsetD] tileID ][ p ] specifies the shift to be applied to)the reconstructed patch poi
patch with patch index p, of the current tile with.tile ID equal to tilelD, along the n
lue of TilePatch3dOffsetD[ tileID ][ p ] shall be indhe’range of 0 to ( 2asps-geometry_3d_bit |
, inclusive.

RangeDJ tileID ][ p ] specifies for the current patch with patch index p, of the cu
ID equal to tilelD, the expected rangexof'the geometry data along the normal axis i
hg geometry maps. Let the variable rangeDBitDepth be equal to Min( asps_geometr

(45)

(46)

hts in

ngent
depth_

hts in

hgent
depth_

hts in

rmal
depth_

rrent
n the
y_2d_

bit_depth_miinus1, asps_geometry_3d_bit_depth®minusl ) + 1. The value of TilePatch3dRangeD] tilleID ]
[ p] shall befin the range of 0 to 2rangeDBitDepth= 1 inclusive.

TilePatchPr
index p, of th

jectionIDJ tileID ][ p ] specifies the patch projection ID for the current patch with
e current tile with tile ID gqual to tilelD.

patch

TilePatchOr
patch with

entationIndex| tileID\][ p ] specifies the patch orientation index to Table 11 for the current

tch index p, of the)current tile with tile ID equal to tilelD.

TilePatchLoDScaleX] tileID\]| p ] specifies the LOD scaling factor to be applied to the tangent axis pf the

current patch with pateh-index p, of the current tile with tile ID equal to tilelD.

TilePatchLoDScaléY['tileID ][ p ] specifies the LOD scaling factor to be applied to the bi-tangent axis of

the current patch-with patch index p, of the current tile with tile ID equal to tilelD.

TilePatchRawPoints] tileID |[ p ] specifies the number of raw coded points in the current patch with
patch index p, of the current tile with tile ID equal to tilelD.

TilePatchEomPatchCount] tileID ][ p ] specifies the number of patches that may be associated with the
current patch p, when patch p is an EOM patch type.

TilePatchAssociatedPatchIndex] tileID ][ p ][ i ] specifies the index of the i-th patch associated with the
current patch with patch index p, of the current tile with tile ID equal to tileID where i is in the range of
0 to ( TilePatchEomPatchCount] tileID J[ p ] - 1), inclusive.

TilePatchEomPoints[ tileID ][ p ][ i ] specifies the number of EOM coded points in the i-th patch
associated with the current patch with patch index p, of the current tile with tile ID equal to tilelD,
where i is in the range of 0 to ( TilePatchEomPatchCount[ tileID ][ p ] - 1), inclusive.
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TilePatchPlrdLevel[ tileID ][ p ][ m ] specifies the level, i.e. whether it is at the block or patch level, where
PLR data information is present for the m-th map associated with the current patch with patch index
p, of the current tile with tile ID equal to tileID, where m is in the range if 0 to asps_map_count_minusl,
inclusive.

TilePatchPlrdPresentBlockFlag| tileID ][ p ] m ][ j ] specifies the presence of
TilePatchPlrdBlockModeMinus1] tileID ][ p ][ m ][ j ] for the j-th block of the map with index m of the
patch with patch index p, in the tile with tile ID equal to tilelD.

TilePatchPlrdBlockModeMinus1| tileID ][ p ]| m ][ j ] specifies the PLR mode selected in the list of PLR

modes, for the j-th block of the map with index m of the patch with patch index p, in the tile with tile ID
equa to tilelD

TilePptchPlrdPresentFlag[ tileID ][ p ][ m ] specifies the presence pof | the variable
TilePptchPlrdModeMinus1] tileID ][ p ][ m | for the current patch with patch index p) of the¢ current tile
with file ID equal to tilelD, and the map with index m.

TilePptchPlrdModeMinus1] tileID ][ p ][ m ] specifies the selected PLR mode<index and ifs associated
parameters from the parameters indicated in the ASPS, as in subclause 8.3:6.1.2, for the current patch
with patch index p, in the current tile with tile ID equal to tileID, for a map*with index m.

Thes¢ variables are initially set as follows:

TilePatchType[ tileID ][ p ] = PROJECTED
TilePatchInAuxVideo[ tileID |[[p] =0

[ilePatch2dPosX[ tileID |[ p ]
TilePatch2dPosY|[ tileID ][ p |
TilePatch2dSizeX]| tilelD ][ p
TilePatch2dSizeY] tileID ][ p
[ilePatch3dOffsetU] tilelD ][
TilePatch3dOffsetV] tilelD ][
lilePatch3dOffsetD] tileID ][
[ilePatch3dRangeD] tilelD ][
TilePatchProjectionlID] tileID
[ilePatchOrientationIndex] ti
TilePatchLoDScaleX] tileID{| p
[ilePatchLoDScaleY[ tileID ][ p
TilePatchRawPoints| tileID ][ p
TilePatchEomPatchCount] tilel

If atdu_patch_mode[-tilelD ][ p ] is equal to I_INTRA or P_INTRA, then the process for ddcoding intra
coded patches initsubclause 9.2.5.2 is used, with p and tileID as the inputs to that prodess, and the
outpuits of that\process are used as the output.

If atdu_pdtch_mode[ tileID ][ p ] is equal to P_SKIP, then the process for decoding skip cod¢d patches in
subclpuse9.2.5.3 is used, with p and tileID as the inputs to that process, and the outputs of|that process
are usedas theoutput:

If atdu_patch_mode][ tileID ][ p ] is equal to P_MERGE, then the process for decoding merge coded
patches in subclause 9.2.5.4 is used, with p and tileID as the inputs to that process, and the outputs of
that process are used as the output.

If atdu_patch_mode[ tileID ][ p ] is equal to P_INTER, then the process for decoding inter coded patches
in subclause 9.2.5.5 is used, with p and tileID as the inputs to that process, and the outputs of that
process are used as the output.

If atdu_patch_mode][ tileID ][ p ] is equal to _RAW or P_RAW, then the process for decoding RAW coded
patches in subclause 9.2.5.6 is used, with p and tileID as the inputs to that process, and the outputs of
that process are used as the output.
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If atdu_patch_mode] tileID ][ p | is equal to _EOM or P_EOM, then the process for decoding EOM coded
patches in subclause 9.2.5.7 is used, with p and tileID as the inputs to that process, and the outputs of

that process

are used as the output.

It is a requirement of bitstream conformance that patches of EOM or RAW patch type do not intersect
with any other patch.

For projected patches then the following applies:

— Avariable oldx is set to TilePatchOrientationIndex][ tileID ][ p ].

Variables posX, posY, sizeX, sizeY, lodX, and lodY are assigned as follows:

posX =
posY =
sizeX =
sizeY =
lodX ="
lodY ="

For each
tile orig
first tra

¥

where R an

u
=R0
\%

The final cor

TilePatch2dPosX] tileID ][ p ]
[ilePatch2dPosY] tileID ][ p ]
TilePatch2dSizeX] tileID ][ p ]
TilePatch2dSize] tileID ][ p ]
[ilePatchLoDScaleX[ tileID ][ p ]
[ilePatchLoDScaleY[ tileID ][ p ]

sample with coordinates ( x, y ) that belongs to the patch p, where)( x, y ) is relative {
n of the tile with index tileID, the conversion to the 3D coordinate system is perform

hsforming (X, y ) to a local patch coordinate pair (u, v), as follows:
lodX O x—posX lodX O sizeX-1
oldx)* * +R_ (oldx)* *
0 lodY] | y—posY 0 JodY | [sizeY-1

R are specified in Table 11.

version from (u, v ) to the 3D coordinate system depends on the application.

o the
ed by

(47)

Table 11 + Transformation matrices according to an indicated patch orientation index, ofldx
oldx|| R,(oldx) R¢(oldx) Description
10 [0 0]
0 No transformation
01 10 0]
1 01 0.9] Th d d
e x and y axes are swappe
10 =000 |
0 -1 [0 0]
2 Lo Lo The x axis is inverted first and then x and y axes are swapped
-1.(0 (1 0]
3 The x and y axes are inverted
o~ -1 10 1]
4 '_ 0 1-| _0 1_ ol - - - 1 L 1 1 1 1
TTIT Yy dXIS IS HIVETLCU TITSU AdITU LTI X dIIU y dXTS dI'E SWdAdppeU
L—l OJ 10 0]
-1 0 (1 0]
5 The x axis is inverted
01 10 0]
0 -1 [0 17
6 L o L o The x and y axes are inverted first and then are swapped
1 0 [0 0
7 The y axis is inverted
0 -1 10 1]

9.2.5.2 Decoding process for patch data units coded in intra mode

Inputs to this process are the current patch index, p, and the current tile ID, tilelD.
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The following patch related variables are assigned given the parsed elements in the patch data unit:

TilePatch2dPosX] tileID ][ p ] = pdu_2d_pos_x[ tileID ][ p | * PatchPackingBlockSize

TilePatch2dPosY] tileID ][ p ] = pdu_2d_pos_y| tileID ][ p ] * PatchPackingBlockSize

TilePatch3dOffsetU[ tileID ][ p ] = pdu_3d_offset_u[ tileID ][ p ]

TilePatch3dOffsetV] tileID ][ p ] = pdu_3d_offset_v][ tileID ][ p ]

T

—3

—

—

—3

—3

—3

—

If asp

jlePatch3dOffsetD[ tileID ][ p ] = Pdu3dOffsetD] tileID ][ p ]
jlePatch3dRangeD] tilelD ][ p | = Pdu3dRangeD] tileID ][ p ]
jlePatchProjectionID] tileID ][ p ] = pdu_projection_id| tileID ][ p ]
jlePatchOrientationIndex][ tileID ][ p | = pdu_orientation_index{titeID ][ p ]

jlePatchLoDScaleX[ tileID ][ p] =

pdu_lod_enabled_flag[ p ] ? pdu_lod_scale_x_minus1[tileID [[p]+1:1
pffsetY = ((pdu_lod_scale_x_minus]] tileID ][ p]* 0) ?1: 2)

ilePatchLoDScaleY] tileID |[ p ] = pdu_lod_enabled_flag] tileID [[p ] ?
pdu_lod_scale_y_idc[ tileID ][ p .+ 0ffsetY : 1

ilePatch2dSizeX[ tileID ][ p] =
(pdu_2d_size_x_minuslf+tileID ][ p ] + 1) * PatchSizeXQuantizer

ilePatch2dSizeY| tileID }[ p| =
(pdu_2d_size_y_minus]] tileID ][ p ] + 1) * PatchSizeYQuantizer

s_plr_enabled_flag’s equal to 1, the following applies:
blockGnt'= BlockCnt( TilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY] tileID ][ p
for{m = 0; m < asps_map_count_minusl + 1; m++ ) {

if( plri_map_present_flag m]==1){
TilePatchPlrdLevel[ tileID ][ p ][ m ] = plrd_level| tileID [[p ][ m ]

1f( TilePatchPIrdLevel| tileID [[p [[m [==0){
for(j=0;j <blockCnt; j++ ) {
TilePatchPlrdPresentBlockFlag] tileID ][ p ][ m
plrd_present_block_flag][ tileID ][ p ][ m ][
if( TilePatchPIlrdPresentBlockFlag] tileID
TilePatchPlrdBlockModeMinus1|[ tileID ][
plrd_block_mode_minus1] tileID ][ p

—_—

}
}else {
TilePatchPlrdPresentFlag] tileID |[p ][m ] =
if( TilePatchPlrdPresentFlag] tileID [[p ][ m ]
TilePatchPlrdModeMinus1] tileID ][ p ]|
plrd_mode_minus1] tileID ][ p ][ m

plrd_pr
:1)
m]=
|

}
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(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59)

esent_flag[ tileID ][ p][ m]
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}

9.2.5.3 De

coding process for patch data units coded in skip prediction mode

Inputs to this process are the current patch index, p, and current tile ID, tilelD.

First, refldx is set to 0.

Then the reference atlas frame, refAtlasFrm, is selected as the atlas frame corresponding to the

(refldx +1)-

th entry in the reference atlas frame list RefAtlasFrmList, RefAtlasFrmList[ refldx].

If pis equal

The variablg
tileID, in the

RefPatch

and Predictd

The process

0 0, then Predictorldx is set to 0.

rldx is set to RefPatchldx + 1.

described in subclause 9.2.5.5.2 is invoked with the variables refldx, RefPatchldy

RefPatchldx, which corresponds to the predictor patch index in the tile withn[P’ eqtial to
reference atlas frame, refAtlasFrm, is computed as:
Idx = Predictorldx (60)

, and

tileID as inputs, and the outputs are the variables refPatchType, reéfPatch2dPosX, refPatch2dPosY,
refPatch2dSjzeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
refPatch3dRangeD, refPatchProjectionID, refPatchOrientationIndex, refPatchLoDS¢aleX,
refPachLoD{caley, refPatchRawPoints, and refPatchEomPatchCount, the 1D arrays
refPatchAsspciatedPatchindex and refPatchEomPoints, andjdf*asps_plr_enabled_flag is equal to [L, the
1D arrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusl, and the 2D afrrays
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

Initially, the

TilePatchType]| tilelD ][ p ] = refPatchType
TilePatchInAuxVideo[ tileID ][ p ] = refPatchlnAuxVideo
TilePatch2dPosX] tileID ][ p J\= refPatch2dPosX
TilePatch2dPosY]| tileID\JPp ] = refPatch2dPosY

TilePatch2dSizeX] tileID ][ p ] = refPatch2dSizeX

following parameters are derived:

TilePatch2dSizeY([ tileID ][ p ] = refPatch2dSizeY

(61)

(62)

(63)

(64)

(65)

(66)

In addition, if refPatchType is equal to RAW, the associated 2D and 3D patch parameters are derived as

follows:

TilePatch3dOffsetU[ tileID ][ p ] = refPatch3dOffsetU

TilePatch3dOffsetV][ tileID ][ p ] = refPatch3dOffsetV

TilePatch3dOffsetD] tileID ][ p ] = refPatch3dOffsetD

TilePatch3dRangeD] tileID ][ p ] = refPatch3dRangeD
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TilePatchRawPoints] tileID ][ p ] = refPatchRawPoints

Otherwise, if refPatchType is equal to EOM, the following applies:
TilePatchEomPatchCount] tileID ][ p ] = refPatchEomPatchCount

for(i=0;i< TilePatchEomPatchCount[ tileID ][ p ]; i++) {
TilePatchAssociatedPatchIndex| tileID ][ p ][ 1] = refPatchAssociatedPatchindex] i ]

TilePatchEomPoints| tileID [[ p |[[ i | = refPatchEomPoints[ i |

}

Otherwise, the associated 2D and 3D patch parameters are derived as follows:

TilePatch3dOffsetU][ tilelD ][ p ] = refPatch3dOffsetU

—3

ilePatch3dOffsetV] tileID ][ p ] = refPatch3dOffsetV

—3

jlePatch3dOffsetD[ tileID ][ p ] = refPatch3dOffsetD

—

jlePatch3dRangeD] tileID ][ p ] = refPatch3dRangeD

—3

jlePatchProjectionID] tileID ][ p ] = refPatchProjectionID

—

ilePatchOrientationIndex| tileID |[ pJ*= refPatchOrientationIndex

—

jlePatchLoDScaleX][ tileID ][ p }='refPatchLoDScaleX

—3

jlePatchLoDScaleY] tilelDJ][ p ] = refPatchLoDScaleY

fasps_plr_enabled) flag is equal to 1, the PLR patch parameters are derived as follows:

blockCnt.=BlockCnt( TilePatch2dSizeX] tilelD ][ p ], TilePatch2dSizeY[ tileID ][ p | )
for(m&0; m < asps_map_count_minusl + 1; m++ ) {
if( plri_map_present_flagfm]==1){
TilePatchPlrdLevel[ tileID ][ p ][ m ] = refPatchPlrdLevel[ m ]
if( TilePatchPlrdLevel[ tileID [[p][m]==0) {
forti="0;7<btock€nt+7%
TilePatchPlrdPresentBlockFlag[ tileID [[p][m][j] =
refPatchPlrdPresentBlockFlag[ m ][ j ]
if( TilePatchPlrdPresentBlockFlag[ tileID [[p][m][j]==1)
TilePatchPlrdBlockModeMinus1[ tileID [ p [[ m ][ j
refPatchPlrdBlockModeMinus1[ m ][ j

[a—

}
}else{

TilePatchPlrdPresentFlag| tileID ][ p ][ m ] = refPatchPlrdPresentFlag[ m ]

|
if( TilePatchPIrdPresentFlag| tileID ][ m]==
ID

p]
TilePatchPlrdModeMinus1] tileID ][

© ISO/IEC 2021 - All rights reserved

[
p ][ m] =refPlrdModeMinus1[ m ]

(71

(72)

(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)
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9.2.5.4 Decoding process for patch data units coded in merge prediction mode

Inputs to this process are the current patch index, p, and the current tile ID, tileID.

First, the reference atlas frame index, refldx, is derived as mpdu_ref_index| tileID ][ p ].

Then the reference atlas frame, refAtlasFrm, is selected as the atlas frame corresponding to the

(refldx+1)

-th entry in the reference atlas frame list RefAtlasFrmList, RefAtlasFrmList[ refldx |.

If p is equal to 0, then Predictorldx is set to 0.

Then the predictor patch index, RefPatchldx, in the tile with ID equal to tile ID, in the reference atlas

frame, refAtfasFrim, IS computed as:
RefPatchldx = Predictorldx (84)
and Predictqrldx is set to RefPatchldx + 1.
The process| described in subclause 9.2.5.5.2 is invoked with the variables refldx; RefPatchldy, and
tileID as inputs, and the outputs are the variables refPatchType, refPatch2dP6sX, refPatch2dPosY,
refPatch2dSjzeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
refPatch3dRangeD, refPatchProjectionID, refPatchOrientationlndex, refPatchLoDS¢aleX,
refPachLoDScaleY, refPatchRawPoints, and refPatchEomPatehGount, the 1D  afrrays
refPatchAsspciatedPatchIindex and refPatchEomPoints, and, if asps, plr_enabled_flag is equal to [, the
1D arrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusl, and the 2D arrays
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.
It is a requirpment of bitstream conformance that refPatchType is equal to projected.
First, TilePatchType[ tileID ][ p ] is assigned as follows;
TilePatchType]| tilelD ][ p ] = refPatchType (85)
If mpdu_ovefrride_2d_params_flag[ tileID ]J|p | is equal to 1, the associated 2D patch parameteys are
derived as fdllows:
TilePatch2dPosX] tileID ][ p ] =
refPatch2dPosX + mpdu_2d_pos_x| tileID ][ p ] * PatchPackingBlockSize (86)
TilePatch2dPosY] tileID(|pp ] =
refPatch2dRosY + mpdu_2d_pos_y[ tileID ][ p ] * PatchPackingBlockSize (87)
TilePatch2dSizeX[ tileID |[p] =
refPatch2dSizeX + mpdu_2d_delta_size_x| tileID ][ p ] * PatchSizeXQuantizer (88)
TilePatch2dSizeY[ tileID ][ p ] =
refPatch2dSizeY + mpdu_2d_delta_size_y[ tileID ][ p | * PatchSizeYQuantizer (89)
Otherwise,
TilePatch2dPosX] tileID ][ p | = refPatch2dPosX (90)
TilePatch2dPosY| tileID ][ p ] = refPatch2dPosY 91
TilePatch2dSizeX] tilelD ][ p ] = refPatch2dSizeX (92)
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TilePatch2dSizeY]| tileID ][ p ] = refPatch2dSizeY (93)

If mpdu_override_3d_params_flag] tileID ][ p ] is equal to 1, then the associated 3D patch parameters
are derived as follows:

TilePatch3dOffsetU[ tileID ][ p ] = refPatch3dOffsetU + mpdu_3d_offset_u[ tileID ][ p ] (94)
TilePatch3dOffsetV][ tileID ][ p | = refPatch3dOffsetV + mpdu_3d_offset_v[ tileID ][ p ] (95)
TilePatch3dOffsetD] tileID ][ p | = refPatch3dOffsetD + Mpdu3dOffsetD[ tileID ][ p ] (96)
TjlePatch3dRangeD] tilelD ][ p ] = refPatch3dRangeD + Mpdu3dRangeD] tileID }}p]] 97)
Othefwise,
TilePatch3dOffsetU][ tilelD ][ p ] = refPatch3dOffsetU (98)
TilePatch3dOffsetV] tileID ][ p ] = refPatch3dOffsetV (99)
TilePatch3dOffsetD] tileID ][ p ] = refPatch3dOffsetD (100)
TjlePatch3dRangeD] tilelD ][ p ] = refPatch3dRangeD (101)

The fpllowing variables are set:

TilePatchProjectionID] tileID ][ p ] = refPatchProjectionID (102)
TilePatchOrientationIndex| tileID.J[p ] = refPatchOrientationIndex (103)
TilePatchLoDScaleX] tileID\J|p ] = refPatchLoDScaleX (104)
TjlePatchLoDScaleY[stileID ][ p ] = refPatchLoDScaleY (105)

If asgs_plr_enabled,flag is equal to 1, the following applies:
blockCnt = BlockCnt( TilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY[ tileID ][ p])

If OverridePlrFlag is equal to 1, the associated PLR parameters are derived as follows:

or( m = 0; m < asps_map_count_minusl + 1; m++ ) {
if( plri_map_present_flagf m]==1){
TilePatchPlrdLevel[ tileID ][ p ][ m ] = plrd_level]| tileID [[p ][ m ]
if( TilePatchPlrdLevel[ tileID [[p][m]==0){
for(j = 0;j <blockCnt; j++ ) {
TilePatchPlrdPresentBlockFlag[ tileID [[p ][m][j] =
plrd_present_block_flag[ tileID ][ p][m][j]
if( TilePatchPlrdPresentBlockFlag| tileID [[p ][ m ][]
TilePatchPlrdBlockModeMinus1[ tileID ][ p [[ m ][
]

1)
[ =
plrd_block_mode_minus1] tileID ][ p ][ m ][]

]

—— |l

}
}else {
TilePatchPlrdPresentFlag] tileID ][ p ][ m ] = plrd_present_flag[ tileID ][ p ][ m ]
if( TilePatchPlrdPresentFlag[ tileID [[p][m ] ==1)
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TilePatchPlrdModeMinus1] tileID ][ p ][ m | = plrd_mode_minus1] tileID ][ p ][ m ]

}

Otherwise (OverridePlrFlag is equal to 0),

for(m = 0; m < asps_map_count_minusl + 1; m++ ) {
if( plri_map_present_flag m]==1){
TilePatchPlrdLevel[ tileID ][ p ][ m ] = refPatchPlrdLevel[ m ]

if( TilePatchPIrdLevel[ tileID [[p][m]==0){
Fnr(}' = n; } < h]nrlzrnf; }'4-4- ) {

TilePatchPlrdPresentBlockFlag[ tileID [[p][m][j] =
refPatchPlrdPresentBlockFlag[ m ][j ]
if( TilePatchPlrdPresentBlockFlag] tileID [[p ][ m ][] ]

==1 )
TilePatchPlrdBlockModeMinus1[ tileID [[p ][ m][j] =
refPatchPlrdBlockModeMinus1[ m ][ ]

}
} dlse {
TilePatchPlrdPresentFlag[ tileID |[[p][m ] = refPatchPlrdPresentFlag[ m |
if( TilePatchPlrdPresentFlag[ tileID J[p][m]==1)

TilePatchPlrdModeMinus1] tileID ][ p ][ m ] = refPIrdModeMinus1[ m |

}

9.2.5.5 Ddcoding process for patch data units coded in inter prediction mode

9.2.5.5.1 General decoding process for patch data units coded in inter prediction mode
Inputs to thik process are the current patch index, p;and the current tile ID, tilelD.
First, the reference atlas frame index, refldx, is:dérived as ipdu_ref_index] tileID ][ p ].

Then the rdference atlas frame, refAtlaskrm, is selected as the atlas frame corresponding tp the
(refldx + 1 )-th entry in the reference.atlas frame list RefAtlasFrmList, RefAtlasFrmList[ refldx ].

If p is equal to 0, then Predictorldx is-set to 0.

Then the corresponding patchrindex, RefPatchldx, in the tile with ID equal to tile ID, in the reference
atlas frame, refAtlasFrm, is(computed as:

RefPatclldx = Predictorldx + ipdu_patch_index[ tileID ][ p ] (106)

and Predictqridx is'set to RefPatchldx + 1.

The processtdeseribedin—subelause 92-5-5-2-isinvekedusingthe—variablesrefldisRefPatehldx, and
tileID as inputs, and the outputs are the variables refPatchType, refPatch2dPosX, refPatcthPosY,
refPatch2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
refPatch3dRangeD, refPatchProjectionlD, refPatchOrientationIndex, refPatchLoDScaleX,
refPachLoDScaleY, refPatchRawPoints, and refPatchEomPatchCount, the 1D  arrays
refPatchAssociatedPatchIndex and refPatchEomPoints, and, if asps_plr_enabled_flag is equal to 1, the
1D arrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinus1, and the 2D arrays
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

It is a requirement of bitstream conformance that refPatchType is equal to projected.
Then, the associated 2D and 3D patch parameters are derived as follows:

TilePatchType] tileID ][ p ] = refPatchType (107)
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TilePatch2dPosX[ tileID ][ p ] =
refPatch2dPosX + ipdu_2d_pos_x| tileID ][ p ] * PatchPackingBlockSize (108)

TilePatch2dPosY|[ tileID |[p ] =
refPatch2dPosY + ipdu_2d_pos_y[ tilelD ][ p ] * PatchPackingBlockSize (109)

TilePatch2dSizeX][ tileID ][ p ] =
refPatch2dSizeX + ipdu_2d_delta_size_x| tileID ][ p ] * PatchSizeXQuantizer (110)

T']nDafnh')r]Qianr tilolD 1 —
B Al N A G 1 e

refPatch2dSizeY + ipdu_2d_delta_size_y][ tileID ][ p | * PatchSizeYQuantizer: (111)
TjlePatch3dOffsetU] tileID ][ p | = refPatch3dOffsetU + ipdu_3d_offset_u[ tileldh|{p ] (112)
TilePatch3dOffsetV][ tileID ][ p ] = refPatch3dOffsetV + ipdu_3d_offset_wf tileID ][ p ] (113)
TilePatch3dOffsetD] tileID ][ p ] = refPatch3dOffsetD + Ipdu3dQffsetD] tileID ][ p ] (114)
TjlePatch3dRangeD] tilelD ][ p ] = refPatch3dRangeD + Ipdu3dRangeD] tileID ][ p ] (115)
TjlePatchProjectionID] tileID ][ p ] = refPatchProjecetionID (116)
TilePatchOrientationIndex][ tileID ][ p ] = refRatchOrientationIndex (117)
TilePatchLoDScaleX] tileID ][ p ] = refPatchLoDScaleX (118)
TilePatchLoDScaleY[ tileID ][ p | =yrefPatchLoDScaleY (119)

If asps_plr_enabled_flag is equal‘to 1, the following applies:
blockCnt = BlockCnt{\TilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY[ tileID ][ p ] )
for( m = 0; m < asps map_count_minusl + 1; m++ ) { (120)
if( plri_map)present_flagi m]==1){
TileRatchPlrdLevel[ tileID ][ p ][ m ] = plrd_level[ tileID ][ p ][ m ]
if-TilePatchPlrdLevel[ tileID [[p][m]==0){
for(j=0;j <blockCnt; j++) {
TilePatchPlrdPresentBlockFlag][ tileID |[p ][ m][j] =
plrd_present_block_flag[ tileID ][ p][m][j]
1f( TilePatchPhrdPr CbClltB}UL}\F}dg[ titelD ][ 1Y ][ ess ][J ] =1 )
TilePatchPlrdBlockModeMinus1[ tileID ][p ][ m][j] =
plrd_block_mode_minus1[ tileID ][p ][ m ][] ]
}
}else{

TilePatchPlrdPresentFlag| tileID ][ p ][ m ] = plrd_present_flag[ tileID [[ p ][ m ]
if( TilePatchPlrdPresentFlag[ tileID [[p][m]==1)
TilePatchPlrdModeMinus1] tileID ][ p ][ m ] = plrd_mode_minus1] tileID ][ p ][ m ]
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9.2.5.5.2 Derivation of inter reference patch parameters

9.2.5.5.2.1 General derivation of inter reference patch parameters

Inputs to this process are the atlas frame reference index, refldx, the patch reference index, refPatchldx,
and the current tile ID, tileID.

Outputs to this process are the variables refPatchType, refPatch2dPosX, refPatch2dPosY,
refPatch2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
refPatch3dRangeD, refPatchProjectionlD, refPatchOrientationIndex, refPatchLoDScaleX,
refPachLoDScaleY refPatchRawPomts and refPatchEomPatchCount the 1D  arrays
refPatchAss P X POITITS, 2

1D arrays rﬂfPatchPIrdLevel refPatChPlrdPresentFlag, and refPlrdModeMlnusl and the ZD arrays
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

First, the patch, refPatch, is determined that has an index equal to refPatchldx in <the tile|with
tile ID equal to tileID of the ( refldx + 1 )-th entry of the reference atlas frame lisORefAtlasFrmlList,
RefAtlasFrmList[ refldx ].

Then, the oukputs of this process are derived based on the associated parameters of the patch, refPatch
as follows:

refPatch[lype = TilePatchType| tileID ][ refPatchldx ] (121)
refPatchlnAuxVideo = TilePatchInAuxVideo[ tileID ][ refPatchldx ] (122)
refPatchRdPosX = TilePatch2dPosX] tileID ][ refPatchldx | (123)
refPatchPdPosY = TilePatch2dPosY]| tilelD ][ refRatchldx ] (124)
refPatchpRdSizeX = TilePatch2dSizeX]| tileIP:][ refPatchldx ] (125)
refPatchRdSizeY = TilePatch2dSizeY[tileID ][ refPatchldx | (126)

If refPatchType is equal to«projected, then the process in subclause 9.2.5.5.2.2 is inyoked
with refldx| tileID, and refPatchldx as inputs. The outputs of the process are the varjables
refPatch3d(ffsetU, refPatch3dOffsetV, refPatchProjectionlD, refPatch3dOffsetD, refPatch3dRapgeD,
refPatchOrigntationIndéx; refPatchLoDScaleX, and refPatchLoDScaleY, and, if asps_plr_enabled_fllag is
equal to 1, the 1D arrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinus1, arld the
2D arrays reffPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus].

If refPatchType’is equal to RAW, then the process in subclause 9.2.5.5.2.3 is invoked with rgfldx,
tileID, and refPatchidx—=s mputs: The outputs ofthe process—are the—varitables refPatch3do{tsetU,

refPatch3dOffsetV, refPatch3dOffsetD, and refPatchRawPoints.

If refPatchType is equal to EOM, then the process in subclause 9.2.5.5.2.4 is invoked with refldx, tilelD,
and refPatchldx as inputs. The outputs of the process are the variable refPatchEomPatchCount, and the
1D arrays refPatchAssociatedPatchIndex and refPatchEomPoints.

9.2.5.5.2.2 Reference patches in projected mode

Inputs to this process are the atlas frame reference index, refldx, the patch reference index, refPatchldx,
and the current tile ID, tileID.

Outputs to this process are the variables refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
refPatch3dRangeD, refPatchProjectionID, refPatchOrientationlndex, refPatchLoDScaleX, and
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refPachLoDScaleY, and, if asps_plr_enabled_flag is equal to 1, the 1D arrays refPatchPlrdLevel,
refPatchPlrdPresentFlag, and refPlrdModeMinus1, and the 2D arrays refPatchPlrdPresentBlockFlag
and refPatchPlrdBlockModeMinus1.

First, the patch, refPatch, that has an index equal to refPatchldx in the tile with tile ID equal to tileID of
the refldx-th entry of the reference atlas frame list struct, RefAtlasFrmList is determined.

Then, the outputs of this process are derived as follows:

refPatch3dOffsetU = TilePatch3dOffsetU] tileID ][ refPatchldx ] (127)
refPatch3doffsetV="TitePatch3doOffset Vi titetbH refPatchidx (128)
r¢fPatch3dOffsetD = TilePatch3dOffsetD[ tilelD ][ refPatchldx ] (129)
r¢fPatch3dRangeD = TilePatch3dRangeD] tileID ][ refPatchldx ] (130)
r¢fPatchProjectionID = TilePatchProjectionlID] tileID ][ refPatchldx | (131)
r¢fPatchOrientationIndex = TilePatchOrientationIndex][ tilelD}| refPatchldx ] (132)
r¢fPatchLoDScaleX = TilePatchLoDScaleX] tileID ][ refPatchldx | (133)
r¢fPatchLoDScaleY = TilePatchLoDScaleY| tileIDy[ refPatchldx ] (134)

If asgs_plr_enabled_flag is equal to 1, the following applies:

bllockCnt = BlockCnt( TilePatch2dSizeX] tilelD ][ refPatchldx ],
TilePatch2dSizeY] tilelD ][ refPatchldx ] )
for( m = 0; m < asps_map_countiminusl + 1; m++ ) {
if( plri_map_present_flagfim ] ==1){
refPatchPlrdLevel[\m | = TilePatchPlrdLevel] tileID ][ refPatchldx ][ m ]
if( refPatchPlrdLevel[ m ] ==0) {
for(j = &< blockCnt; j++) {
réfPatchPlrdPresentBlockFlag[ m ][j] =
TilePatchPlrdPresentBlockFlag| tileID ][ refPatchldx [[ m ][]
if( refPatchPlrdPresentBlockFlag[ m][j]==1)
refPatchPlrdBlockModeMinus1l[ m][j] =
TilePatchPlrdBlockModeMinus1][ tileID ][ refPatchldx ][ m ][ ]

}
}else {
refPatchPIrdPresentrlag] m | = TilePatchPIrdPresentFlag[ tilelD || refPatchldx ][ m |
if( refPatchPlrdPresentFlagfm]==1)
refPlrdModeMinus1[ m | = TilePatchPlrdModeMinus1] tileID ][ refPatchldx ][ m ]

}

where TilePatch3dOffsetU, TilePatch3dOffsetV, TilePatch3dOffsetD, TilePatch3dRangeD,
TilePatchProjectionID TilePatchOrientationIndex, TilePatchLoDScaleX, TilePatchLoDScaleY,
TilePatch2dSizeX, TilePatch2dSizeY, TilePatchPlrdLevel, TilePatchPlrdPresentBlockFlag,
TilePatchPlrdBlockModeMinus1, TilePatchPlrdPresentFlag, and TilePatchPlrdModeMinusl are the
associated tile patch parameters from the patch with index refPatchldx in the tile ID equal to tilelD of
the refldx-th entry of the reference atlas frame list struct, RefAtlasFrmList.
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Reference patches in RAW mode

Inputs to this process are the atlas frame reference index, refldx, the patch reference index, refPatchldx,

and the curr

ent tile ID, tilelD.

Outputs to this process are the variables refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
and refPatchRawPoints.

First, the patch, refPatch, that has an index equal to refPatchldx in the tile with tile ID equal to tileID of
the refldx-th entry of the reference atlas frame list struct, RefAtlasFrmList is determined.

Then, the ou

refPatch

refPatch

refPatch

refPatch

where TileP
associated t
the refldx-th

9.2.5.5.2.4

Inputs to thi
and the curr

Outputs to
refPatchAss

First, the pat
the (refldx -

Then, the oy
refPatch
for(i=0

refP

refPa

tputs of this process are derived as follows:

BdOffsetU = TilePatch3dOffsetU] tileID ][ refPatchldx ]

BdOffsetV = TilePatch3dOffsetV] tileID ][ refPatchldx ]

BdOffsetD = TilePatch3dOffsetD] tileID ][ refPatchldx ]

RawPoints = TilePatchRawPoints] tileID ][ refPatchldx ]

htch3dOffsetU, TilePatch3dOffsetV, TilePatch3dOffsetD, and TilePatchRawPoints an
le patch parameters from the patch with index refPatchldx in the tile ID equal to tilg
entry of the reference atlas frame list struct, RefAtlasFrmList.

Reference patches in EOM mode

5 process are the atlas frame reference inde€x, refldx, the patch reference index, refPatc
ent tile ID, tilelD.

this process are the variable
bciatedPatchIndex and refPatchEomPoints.

ch, refPatch, that has an index equal to refPatchldx in the tile with tile ID equal to til
- 1)-th entry of the refefence atlas frame list struct, RefAtlasFrmList is determined.

Eputs of this processiare derived as follows:
EomPatchCourt = TilePatchEomPatchCount] tileID ][ refPatchldx ]
i < refPatchEomPatchCount; i++ ) {

htch AssociatedPatchlndex| i ]
= TilePatchAssociatedPatchIndex| tileID ][ refPatchldx ][ i ]

(135)

(136)

(137)

(138)

e the
b[D of

hldx,

refPatchEomPatchCount and the 1D afrrays

bID of

(139)

(140)

tchEomPoints[ i ] = TilePatchEomPoints][ tileID ][ refPatchldx ][ i]

(141)

where TilePatchEomPatchCount, TilePatchAssociatedPatchindex, and TilePatchEomPoints are the
associated tile patch parameters from the patch with index refPatchldx in the tile ID equal to tileID of
the refldx-th entry of the reference atlas frame list struct, RefAtlasFrmList.

9.2.5.6 Decoding process for patch data units coded in RAW mode

Inputs to thi
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s process are the current patch index, p, and the current tile ID, tilelD.
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The following patch related variables are first assigned given the parsed elements in the patch data unit:

TilePatchType[ tileID ][ p ] = RAW (142)
TilePatchInAuxVideo| tileID ][ p ] = rpdu_patch_in_auxiliary_video_flag[ tileID ][ p ] (143)
TilePatch2dPosX] tileID ][ p ] = rpdu_2d_pos_x] tileID ][ p ] * PatchPackingBlockSize (144)
TilePatch2dPosY[ tileID ][ p ] = rpdu_2d_pos_y| tileID ][ p ] * PatchPackingBlockSize (145)
Then| the variables TilePatch2dSizeX[ tileID ][ p ], TilePatch2dSizeY[ tileIDy }} p ], and
TilePptchRawPoints] tileID ][ p ] are derived as follows:
TilePatch2dSizeX[ tileID ][ p ] =
(rpdu_2d_size_x_minus1][ tileID ][ p ] + 1) * PatchSizeXQuantizer (146)
TilePatch2dSizeY[ tileID ][ p ] =
(rpdu_2d_size_y_minus1] tileID ][ p ] + 1) * PatchSizeYQuantizer (147)
TjlePatchRawPoints] tileID ][ p ] = rpdu_points_minus1[ titelD ][p]+ 1 (148)

Then| the 3D patch variables TilePatch3dOffsetU] tileID“][ p ], TilePatch3dOffsetV] tileID ][ p ], and

TilePptch3dOffsetD] tileID ][ p ] are derived and set as/ottput of this process as follows:
TilePatchRawPoints| tilelD ][ refPatchldx | =*tpdu_points[ tileID ][ p ] (149)
TilePatch3dOffsetU[ tileID ][ p | = rpdus3d_offset_u] tileID ][ p ] << RawShift (150)
TilePatch3dOffsetV[ tileID ][ p £ rpdu_3d_offset_v][ tileID ][ p ] << RawShift (151)
TilePatch3dOffsetD] tilelD || p ] = rpdu_3d_offset_d] tileID ][ p ] << RawShift (152)

9.2.5|7 Decoding process for patch data units coded in EOM mode

Inpufs to this prdcess are the current patch index, p, and the current tile ID, tilelD.

The fpllowing-patch related variables are assigned given the parsed elements in the patch gata unit:
TjlePatchType][ tileID ][ p ] = EOM (153)
TilePatchInAuxVideo[ tileID ][ p ] = epdu_patch_in_auxiliary_video_flag[ tileID ][ p ] (154)
TilePatch2dPosX] tileID ][ p ] = epdu_2d_pos_x][ tileID ][ p ] * PatchPackingBlockSize (155)
TilePatch2dPosY]| tileID ][ p ] = epdu_2d_pos_y]| tileID ][ p ] * PatchPackingBlockSize (156)
TilePatch2dSizeX][ tileID ][ p] =

(epdu_2d_size_x_minus1] tileID ][ p ] + 1) * PatchSizeXQuantizer (157)
TilePatch2dSizeY|[ tileID [[p ] =

(epdu_2d_size_y_minusl][ tileID ][ p ] + 1) * PatchSizeYQuantizer (158)
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TilePatch

for(i=0;i< TilePatchEomPatchCount] tileID ][
TilePatchAssociatedPatchIndex] tileID ][ p

EomPatchCount][ tileID ][ p ] =

( epdu_patch_count_minus][ tileID ][p]+ 1)

plii++){

I[i]=
epdu_associated_patch_idx] tileID ][ p ]

TilePatchEomPoints[ tileID ][ p ][ i] = epdu_points] tileID ][ p ]

}

9.2.6 Dec
Input to this

Then the va

the two-dim

offset =

TileBloc}

TileBloc}

All elements
for(y=

for(

Then the Til

for(p=
patg
if(p

(159)

(160)

(161)

bding process of the block to patch map
process is the current tile ID, tilelD.

iables TileBlockToPatchMapWidth]| tileID ] and TileBlockToPatchMapHeight[ tileID
ensional array TileBlockToPatchMap| tileID ] are computed as follows:

PatchPackingBlockSize - 1

xToPatchMapWidth][ tileID | =
( Tilewidth[ TileIDTolndex] tileID ] ] + offset ) / PatchPackingBlockSize

kToPatchMapHeight[ tilelD ]

( TileHeight[ TileIDTolndex] tileID ] | + offset ) #PdtchPackingBlockSize

of TileBlockToPatchMap are first initialized to -1 as follows:

; y < TileBlockToPatchMapHeight] tilelD |; y++)
= 0; x < TileBlockToPatchMapWidth| tileID ]; x++)
[ileBlockToPatchMap] tileID ][ y.][x ] = -

bBlockToPatchMap array isaipdated as follows:

; p < AtduTotalNumPatehes[ tileID ]; p++ ) {
hType = TilePatchType[ tileID ][ p ]
htchType == PROJECTED ) {
x0rg = TilePatch2dPosX] tileID ][ p ] / PatchPackingBlockSize
yOrg = TilePatch2dPosY]| tileID ][ p ] / PatchPackingBlockSize
tilePatchWidthBlk = ( TilePatch2dSizeX] tileID ][ p ] + offset ) / PatchPackingBloc
tilePatchHeightBlk = ( TilePatch2dSizeY] tileID ][ p ] + offset ) / PatchPackingBlod
for(y = 0; y < tilePatchHeightBlk ; y++)
for(x=0;x< t11ePatchW1dthBlk x++ ) {

, and

(162)

(163)

kSize
kSize

1 £L L A | £1
llLL clleD lJClLL,ll Pl CLCL[CIILC UI'UT1T uas == VU ) II

( TileBlockToPatchMap] tileID J[yOrg +y ][ xOrg +x]==-1))
TileBlockToPatchMap| tileID ][ yOrg +y ][ xOrg +x] =p

}

else

x0rg = TilePatch2dPosX] tilelD ][
yOrg = TilePatch2dPosY][ tilelD ][
tilePatchWidthBIk = ( TilePatch2dSizeX] tileID ][

if(TilePatchInAuxVideo] tileID ][p]==0) {
p ]/ PatchPackingBlockSize

p ]/ PatchPackingBlockSize

p ] + offset ) / PatchPackingBlockSize

tilePatchHeightBlk = ( TilePatch2dSizeY[ tileID ][ p ] + offset ) / PatchPackingBlockSize
for(y = 0; y < tilePatchHeightBlk ; y++)

110

for( x = 0; x < tilePatchWidthBIk; x++ )
TileBlockToPatchMap| tileID ][ yOrg + y ][ xOrg + x| =p
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}

9.2.7 Conversion of tile level patch information to atlas level patch information

9.2.7.1 General

In some implementations it is possible that the reconstruction process may be performed using tile
information directly, i.e. the reconstruction process is tile based. In other implementations the
reconstruction process may be performed using all tile information, i.e. is atlas based. In that particular
case, a conversion of tile level patch information to atlas level patch information may be necessary. This
convgrsion is performed in this subclause.

9.2.7|12 Conversion of tile level blockToPatch information to atlas level blockToPatch
inforimation

In this subclause, the block to patch maps from each tile are combined into a single two{dimensional
array, AtlasBlockToPatchMap. This array and the variables AtlasBlockToPatchMapWidth, and
AtlasBlockToPatchMapHeight are computed as follows:

offfset = PatchPackingBlockSize - 1
AklasBlockToPatchMapWidth = (asps_frame_width + offset\)”/ PatchPackingBlockSize (164)

AflasBlockToPatchMapHeight = (asps_frame_height + offset ) / PatchPackingBlockSize (165)

All elements of AtlasBlockToPatchMap are first initialized to -1 as follows:

=

r(y = 0; y < AtlasBlockToPatchMapHeight; y++ )
for( x = 0; x < AtlasBlockToPatchMapWidth; x++ )
AtlasBlockToPatchMap[ y J[x] = -1

Then|the AtlasBlockToPatchMap array is updated as follows:

ffsetPatch = 0
r(t=0;t <= afti_num. tiles_in_atlas_frame_minus1; t++) {
tileID = TileIndexToIDJ[ t ]
tileOffsetX = TileOffsetX][ t ]
tileOffsetY =TileOffsetY[ t ]
for( blkYs=0; blkY < TileBlockToPatchMapHeight][ tileID ]; blkY++) {
forblkX = 0; blkX < TileBlockToPatchMapWidth][ tileID ]; blkX++ ) {
y = tileOffsetY / PatchPackingBlockSize + blkY
x = tileOffsetX / PatchPackingBlockSize + blkX
offset = ( TileBlockToPatchMap] tileID ][ blkY ][ blkX ] ==-1)? 0 : offsetPatch
AtlasBlockToPatchMap[ v J[ X ] = TileBlockToPatchMap][ tilelD ][ BIKY J[ bIKX ] + offset

= O

}

offsetPatch += AtduTotalNumPatches] tileID]

AtlasTotalNumPatches = offsetPatch
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9.2.7.3 Conversion of tile level patch information to atlas level patch information

9.2.7.3.1 General

In this subclause tile level patch information is converted to atlas level patch information, using also the
processes CommonTilePatchParamsToAtlas(tileID, p) and ApplicationTilePatchParamsToAtlas(tileID, p)

defined in subclauses 9.2.7.3.2 and 9.2.7.3.3, respectively, as follows:

NumRawPoints = 0
NumEomPoints = 0
AtlasTotalNumPatches = 0

AtlasTotptNumProjPatchies =0
AtlasTotpINumEomPatches = 0
AtlasTotplNumRawPatches = 0
atlasPatthldx =0

offsetPafch =0

for(t=(; t <= afti_num_tiles_in_atlas_frame_minus1; t++) {

tileID = TileIndexTolID[ t ]

tileQffsetX = TilePatchInAuxVideo| tileID [[p ] 7 0 : TileOffsetX] t ]

tileQffsetY = TilePatchInAuxVideo| tileID ][ p ] ? AuxTileOffset[ t ].; TileOffsetY[ t ]

for(jp = 0; p < AtduTotalNumPatches] tileID ]; p++) {
CommonTilePatchParamsToAtlas( atlasPatchldx, tileID,p)
ApplicationTilePatchParamsToAtlas( atlasPatchldx, til€ID, p, offsetPatch )
htlasPatchldx += 1

}
offs¢tPatch += AtduTotalNumPatches] tilelD]

}
AtlasTothINumPatches = atlasPatchldx

9.2.7.3.2

rocess of copying common patchparameters from a tile to an atlas representati
The process|CommonTilePatchParamsToAtlas( atlasPatchldx, tilelD, p ) is defined as follows:

CommonTildPatchParamsToAtlas( atlasPatchldx, tileID, p ) {
AtlasPatichInAuxVideo[ atlasPatchldx ] = TilePatchInAuxVideo] tileID ][ p ]
AtlasPatichType[ atlasPatchldx '} = TilePatchType[ tileID ][ p ]
AtlasPatich2dSizeX[ atlasPatchldx | = TilePatch2dSizeX[ tileID J[ p ]
AtlasPatich2dSizeY[ atlasPatchldx | = TilePatch2dSizeY] tileID ][ p ]
AtlasPatich2dPosX] atlasPatchldx | = TilePatch2dPosX] tileID ][ p ] + tileOffsetX
AtlasPatich2dPosY[ atlasPatchldx | = TilePatch2dPosY]| tileID ][ p ] + tileOffsetY
AtlasPatich3dOffsetU[ atlasPatchldx | = TilePatch3dOffsetU] tileID ][ p ]
AtlasPatich3dOffsetV][ atlasPatchldx | = TilePatch3dOffsetV][ tileID ][ p ]
AtlasPatich3dOffsetD[ atlasPatchIdx 1= TllePatcthOffsetD[ t11eID ][ p ]

AtlasPatch3dRa
AtlasPatchPrOJectlonlD[ atlasPatchIdX ]= TllePatChPI'O]eCtIOHID[ tlleID 1lp]
AtlasPatchOrientationIndex[ atlasPatchldx | = TilePatchOrientationIndex| tileID ][ p ]
AtlasPatchLoDScaleX[ atlasPatchldx | = TilePatchLoDScaleX] tileID ][ p ]
AtlasPatchLoDScaleY[ atlasPatchldx | = TilePatchLoDScaleY] tileID ][ p ]
AtlasPatchRawPoints[ atlasPatchldx | = TilePatchRawPoints] tileID ][ p ]
AtlasPatchEomPatchCount[ atlasPatchldx | = TilePatchEomPatchCount[ tileID ][ p ]

}

9.2.7.3.3 Process of copying application specific patch parameters from a tile to an atlas
representation

The process ApplicationTilePatchParamsToAtlas( atlasPatchldx, tileID, p, offsetPatch ) is defined as

follows:
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ApplicationTilePatchParamsToAtlas( atlasPatchldx, tilelD, p, offsetPatch ) {
if( AtlasPatchType[ atlasPatchldx ] == PROJECTED ) {
AtlasTotalNumProjPatches += 1
blockCnt = BlockCnt( TilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY[ tileID ][ p ] )
for( m = 0; m < asps_map_count_minusl + 1; m++ ) {
if( plri_map_present_flagf m ] ==1) {
AtlasPlrdLevel| atlasPatchldx ][ m | = TilePatchPIrdLevel] tileID [[ p ][ m ]
if( AtlasPlrdLevel| atlasPatchldx ][m]==0) {
for(j = 0;j <blockCnt; j++ ) {
AtlasPlrdPresentBlockFlag[ atlasPatchldx [[ m ][] =
TilePatchPlrdPresentBlockFlag][ tileID [[p ][ m ][] ]
1I( AtlasPIrdPresentblockklag| atlasPatchldx [[m [[] ] =
AtlasPlrdBlockModeMinus1[ atlasPatchldx [[ m ][]
TilePatchPlrdBlockModeMinus]] tileID ][ p

=_ )
1[mfy]

}
}else{
AtlasPlrdPresentFlag[ atlasPatchldx ][ m ] =
TilePatchPlrdPresentFlag[ tileID ][ p ][ m ]
if( AtlasPlrdPresentFlag[ atlasPatchldx ][ m | == 19
AtlasPlrdModeMinus1][ atlasPatchldx ][ m ] £
TilePatchPlrdModeMinus1][ tileID ][ p<]['m ]

}

if( AtlasPatchType[ atlasPatchldx ] == EOM ) {
AtlasTotalNumEomPatches +=1
for(i=0;i< AtlasPatchEomPatchCount[‘atlasPatchldx ]; i++) {
NumEomPoints += TilePatchEomPReints| tileID [[ p ][ i ]
AtlasPatchEomPoints[ atlasPatchldx ][ i ] = TilePatchEomPoints] tileID ][ p ][ i]]
AtlasPatchAssociatedPatchlndex| atlasPatchldx J[i] =
TilePatchAssociatedPatchIndex| tileID ][ p ][ i] + offsetPatch

—

}

f( AtlasPatchType[ atlasRPatchldx ] == RAW ) {
AtlasTotalNumRawPatches += 1
NumRawPoints += TilePatchRawPoints| tileID ][ p ]

—

}

9.3 |Occuparicy video decoding process

The flecading process of an occupancy video component associated with the atlas, with atlas ID
DecAtlaslb, is performed as follows.

For the occupancy video component, the codec is first determined using either the profiles defined
in Annex A or the value of oi_occupancy_codec_id[ DecAtlasID ] and a component codec mapping SEI
message specified in subclause F.2.11, if present. Then, the occupancy video decoding process, according
to the corresponding coding specification, is invoked using the occupancy video sub-bitstreams present
in the V3C bitstream as the input.

Outputs of this process are:
— NumDecOccFrames, indicating the number of decoded occupancy video frames,

— a4D array DecOccFrames, the decoded occupancy video frames, where the dimensions correspond
to the decoded occupancy video frame index, the component index, the row index, and the column
index, respectively, and
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the following 1D arrays:
— DecOccBitDepth, indicating the occupancy video bit depth,
DecOccHeight, indicating the occupancy video height,
DecOccWidth, indicating the occupancy video width,
DecOccChromaFormat, indicating the attribute chroma format,

DecOccChromaSamplingPosition, indicating, if present, the video chroma sampling position as
specified in ISO/IEC 23091-2,

— DecPccFullRange, indicating, if present, the video full range code point as specified in
ISO/IEC 23091-2,
— DecPccColourPrimaries, indicating, if present, the chromaticity coordinates“of the spurce
primaries as specified in ISO/IEC 23091-2,
— DecPccTransferCharacteristics, indicating, if present, the transfer characteristics as spefified
in I§0/1IEC 23091-2,
— DecPccMatrixCoeffs,indicating,ifpresent,thematrix coefficientsasspecifiedinISO/IEC23(091-2,
— DecPccOutOrdldx, indicating the occupancy video output ordérindex, and
— DecPccCompTime, indicating the occupancy video composition time.
where the dimension corresponds to the decoded occupancywrideo frame index.
If the array DecOccFullRange is missing, all of its elements’shall be set to 1.
If any of the elements of the array DecOccTransferCharacteristics are missing or are set to a valug of 2,
i.e. unspecified, those elements shall be set to 8, i.e>linear.
If the array PecOccChromaSamplingPosition is'missing, all of its elements shall be set to 0.
If the array PecOccColourPrimaries is missing, all of its elements shall be set to 2.
If the array DecOccMatrixCoeffs is missing, all of its elements shall be set to 2.
The value§ of the arrays® DecOccChromaSamplingPosition, DecOccColourPrimaries, | and
DecOccMatr|xCoeffs, shall notbe used for any further processing of the decoded occupancy frames.
These valueg shall be interpreted according to their corresponding coding points in ISO/IEC 2309]1-2.
NOTE Anly existing-video coding specification such as ISO/IEC 14496-10 or ISO/IEC 23008-2 or any future
defined video|coding'specification can be used if included in oi_occupancy_codec_id.

9.4 Geometry video decoding process

The decoding process of a geometry video component associated with the atlas, with atlas ID DecAtlasID,
is performed as follows.

For a geometry video component associated with syntax elements vuh_map_index, and vuh_
auxiliary_video_flag, the codec is first determined using either the profiles defined in Annex A or
the value of gi_geometry_codec_id[ DecAtlasID ] and gi_geometry_auxiliary_codec_id[ DecAtlasID ],
if vuh_auxiliary_video_flag is equal to 0 or 1, respectively, and the component codec mapping SEI
specified in subclause F.2.11, if present. Then, the geometry video decoding process, according to the
corresponding coding specification, is invoked using the geometry video sub-bitstreams present in
the V3C bitstream as the input.
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If the geometry video sub-bitstream is not an auxiliary geometry video, either identified by vuh_
auxiliary_video_flag equal to 0 or determined through external means if the V3C unit header is
unavailable, the outputs of this process are:

— the 1D array NumDecGeoFrames, indicating the number of decoded geometry video frames, where
the dimension corresponds to vuh_map_index,

— the 5D array DecGeoFrames, the decoded geometry video frames, where the dimensions correspond
to vuh_map_index, the decoded geometry video frame index, the component index, the row index,
and the column index, respectively,

— the following 2D arrays:

—+ DecGeoBitDepth, indicating the geometry video bit depth,

—+ DecGeoHeight, indicating the geometry video height,

—+ DecGeoWidth, indicating the geometry video width,

—+ DecGeoChromaFormat, indicating the attribute chroma format,

—+ DecGeoChromaSamplingPosition, indicating, if present, tie geometry chroma |sampling as
specified in ISO/IEC 23091-2,

—+ DecGeoFullRange, indicating, if present, the video“full range code point as |specified in
ISO/IEC 23091-2,

—+ DecGeoColourPrimaries, indicating, if present,)the chromaticity coordinates of the source
primaries as specified in ISO/IEC 23091-2,

—+ DecGeoTransferCharacteristics, indicating, if present, the transfer characteristicg as specified
in ISO/IEC 23091-2,

—+ DecGeoMatrixCoeffs,indicating,ifpresent,thematrixcoefficientsasspecifiedinISOIEC23091-2,
—+ DecGeoOutOrdldx, indicatingthe geometry video output order index, and
—+ DecGeoCompTime, indi¢ating the geometry video composition time,

wherp the dimensions correspond to vuh_map_index and the decoded geometry video frame index,
respgctively.

If thelarray DecGeoFullRange is missing, all of its elements shall be set to 1.

If any of the eleéments of the array DecGeoTransferCharacteristics are missing or are set tg a value of 2,
i.e. uspecified, those elements shall be set to 8, i.e. linear.

If the|artay’DecGeoChromaSamplingPosition is missing, all of its elements shall be set to 0

If the array DecGeoColourPrimaries is missing, all of its elements shall be set to 2.
If the array DecGeoMatrixCoeffs is missing, all of its elements shall be set to 2.

The values of the arrays DecGeoChromaSamplingPosition, DecGeoColourPrimaries, and
DecGeoMatrixCoeffs, shall not be used for any further processing of the decoded geometry frames.

These values shall be interpreted according to their corresponding coding points in ISO/IEC 23091-2.

Otherwise, if the geometry video sub-bitstream is an auxiliary geometry video either identified by
vuh_auxiliary video_flag equal to 1 or determined through external means if the V3C unit header is
unavailable, the outputs of this process are:

— NumDecGeoAuxFrames, indicating the number of decoded auxiliary geometry video frames,
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— the 4D array DecGeoAuxFrames, the decoded auxiliary geometry video frames, where the
dimensions correspond to the decoded auxiliary geometry video frame index, the component index,
the row index, and the column index, respectively, and

— the following 1D arrays:
— DecGeoAuxBitDepth, indicating the auxiliary geometry video bit depth,
— DecGeoAuxHeight, indicating the auxiliary geometry video height,

— DecGeoAuxWidth, indicating the auxiliary geometry video width,

— DecfevAuxtChromatformmat; imdicating the attribute chroma formmat;

— DecfzeoAuxChromaSamplingPosition, indicating, if present, the geometry chroma sampling as
spegified in ISO/IEC 23091-2,

— DecfzeoAuxFullRange, indicating, if present, the video full range code pointias specified in
ISO/IEC 23091-2,

— DecfzeoAuxColourPrimaries, indicating, if present, the chromaticity coordinates of the spurce
primaries as specified in ISO/IEC 23091-2,

— DecfzeoAuxTransferCharacteristics, indicating, if present, the’/transfer characteristits as
spe¢ified in ISO/IEC 23091-2,

— DecfzeoAuxMatrixCoeffs, indicating, if present, the{matrix coefficients as specifigd in
ISO/JIEC 23091-2,

— DecfzeoAuxOutOrdldx, indicating the auxiliary geometry video output order index, and

— DecfreoAuxCompTime, indicating the auxiliary-geometry video composition time,

where the dimension corresponds to the decoded-auxiliary geometry video frame index.
If the array PecGeoAuxFullRange is missingyall of its elements shall be set to 1.

If any of the[elements of the array DecGeoAuxTransferCharacteristics are missing or are set to a jvalue
of 2, i.e. unspecified, those elements(Shall be set to 8, i.e. linear.

If the array PecGeoAuxChromaSamplingPosition is missing, all of its elements shall be set to 0.
If the array DecGeoAuxColougPrimaries is missing, all of its elements shall be set to 2.
If the array DecGeoAuxMatrixCoeffs is missing, all of its elements shall be set to 2.

The values|of thesarrays DecGeoAuxChromaSamplingPosition, DecGeoAuxColourPrimaries| and
DecGeoAuxNlatrixCoeffs, shall not be used for any further processing of the decoded auxiliary
geometry frames.

These values shall be interpreted according to their corresponding coding points in ISO/IEC 23091-2.

NOTE Any existing video coding specification such as ISO/IEC 14496-10 or ISO/IEC 23008-2 or any future
defined video coding specification can be used if included in gi_geometry_codec_id.

9.5 Attribute video decoding process

The decoding process of an attribute video component associated with the atlas with atlas ID
DecAtlaslD, is performed as follows:

— If ai_attribute_count[ DecAtlasID ] is equal to 0, no attribute video frames are decoded and no
attribute information is associated with the final, reconstructed volumetric frame.
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Otherwise (if ai_attribute_count[ DecAtlasID ] is not equal to 0), and for each attribute with index
attrldx, for the attribute video component associated with the syntax elements vuh_map_index,
vuh_attribute_index equal to attrldx, vuh_attribute_partition_index, and vuh_auxiliary_video_flag,
the codecis first determined using either the profiles defined in Annex A or the value of ai_attribute_
codec_id[ DecAtlasID ][ attrldx ] or ai_attribute_auxiliary_codec_id[ DecAtlasID ][ attrldx ], if
vuh_auxiliary_video_flag is equal to 0 or 1, respectively and the component codec mapping SEI
specified in subclause F.2.11, if present. Then, the attribute video decoding process, according to
the corresponding coding specification, is invoked using the attribute video sub-bitstreams present
in the V3C bitstream as the input.

Ifthe attribute video sub-bitstream is not an auxiliary attribute video, either identified by vuh_auxiliary_

vide
outp

—

=+

—

1ts of this process are:

the 1D array DecAttrType, indicating the attribute type, where the dimension ¢erres
attribute index,

he 3D array NumDecAttrFrames, indicating the number of decoded attribute video f1
he dimensions correspond to the attribute index, the attribute partition‘index, and vuh

he 7D array DecAttrFrames, the decoded attribute video frames;where the dimension
b the attribute index, the attribute partition index, vuh_map)\index, the decoded atf]
frame index, the component index, the row index, and the colmn index, respectively, 4

he following 4D arrays:

DecAttrBitDepth, indicating the attribute bit,depth,
DecAttrHeight, indicating the attribute height,

DecAttrWidth, indicating the attributeswidth,

DecAttrNumComp, indicating theattribute number of components,
DecAttrChromaFormat, indieating the attribute chroma format,

DecAttrChromaSamplingPosition, indicating, if present, the attribute chroma
specified in ISO/IEC23091-2,

DecAttrFullRange;. indicating, if present, the video full range code point as
ISO/IEC 23091-2,

DecAttrColourPrimaries, indicating, if present, the chromaticity coordinates o
primaries-as specified in ISO/IEC 23091-2,

DecAttrTransferCharacteristics, indicating, if present, the transfer characteristics
inISO/IEC 23091-2,

ivailable, the
ponds to the
ames, where

_map_index,

5 correspond
ribute video
ind

sampling as

specified in

f the source

as specified

DecAttrMatrixCoeffs,
ISO/IEC 23091-2,

indicating, if present,

DecAttrOutOrdldx, indicating the attribute output order index, and

DecAttrCompTime, indicating the attribute composition time,

the matrix coefficients as specified

in

where the dimensions correspond to the attribute index, the attribute partition index, vuh_map_index,
and the decoded attribute frame index, respectively.

If the array DecAttrChromaSamplingPosition, is missing, all of its elements shall be set to 0.

If the array DecAttrFullRange, is missing, all of its elements shall be set to 1.

If the array DecAttrColourPrimaries, is missing, all of its elements shall be set to 1.
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If the array DecAttrTransferCharacteristics, is missing, all of its elements shall be set to 1.
If the array DecAttrMatrixCoeffs, is missing, all of its elements shall be set to 1.
These values shall be interpreted according to their corresponding coding points in ISO/IEC 23091-2.

Otherwise, if the attribute video sub-bitstream is an auxiliary attribute video, either identified by
vuh_auxiliary_video_flag equal to 1 or determined through external means if the V3C unit header is
unavailable, the outputs of this process are:

— the 1D array DecAttrAuxType, indicating the attribute type, where the dimension corresponds to
the attribute index,

— the 2D qrray NumDecAttrAuxFrames, indicating the number of decoded auxiliary attribute yideo
frames, where the dimensions correspond to the attribute index and the attribute partition index,

— the6Dafgray DecAttrAuxFrames, the decoded auxiliary attribute video frames, where the dimerjsions
corresp¢nd to the attribute index, the attribute partition index, the decoded attribute video frame
index, the component index, the row index and the column index, respectively,and

— the following 3D arrays:
— DecAttrAuxBitDepth, indicating the auxiliary attribute bit depth;
— DecAttrAuxHeight, indicating the auxiliary attribute height,
— DecAttrAuxWidth, indicating the auxiliary attribute width,
— DecAttrAuxNumComp, indicating the attribute number of components,
— DecAttrAuxChromaFormat, indicating the auxiliary attribute chroma format,

— DecAttrAuxChromaSamplingPosition, indicating, if present, the attribute chroma sampling as
spe¢ified in ISO/IEC 23091-2,

— DecAttrAuxFullRange, indicating, if present, the video full range code point as specified in
ISO/IEC 23091-2,

— DecAttrAuxColourPrimaries; indicating, if present, the chromaticity coordinates of the spurce
primaries as specified in ISO/IEC 23091-2,

— DecAttrAuxTransferCharacteristics, indicating, if present, the transfer characteristifs as
spegified in ISO/IE€.23091-2,

— DecAttrAuxMatrixCoeffs, indicating, if present, the matrix coefficients as specifigd in
ISO/IEC 23091-2,

— DecAttrAuxOutOrdldx, indicating the auxiliary attribute output order index, and

— DecAttrAuxCompTime, indicating the auxiliary attribute composition time,

where the dimensions correspond to the attribute index, the attribute partition index and the decoded
attribute frame index, respectively.

If the array DecAttrAuxChromaSamplingPosition, is missing, all of its elements shall be set to 0.
If the array DecAttrAuxFullRange, is missing, all of its elements shall be set to 1.

If the array DecAttrAuxColourPrimaries, is missing, all of its elements shall be set to 1.

If the array DecAttrAuxTransferCharacteristics, is missing, all of its elements shall be set to 1.

If the array DecAttrAuxMatrixCoeffs, is missing, all of its elements shall be set to 1.
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These values shall be interpreted according to their corresponding coding points in ISO/IEC 23091-2.

NOTE
defined video coding specification can be used if included in ai_attribute_codec_id.

Any existing video coding specification such as ISO/IEC 14496-10 or ISO/IEC 23008-2

9.6 Sub-bitstream extraction process

9.6.1 General

or any future

In order to perform the decoding processes identified in subclauses 9.2, 9.3, 9.4 and 9.5, it may be
necessary to extract the appropriate V3C units, e.g. atlas or occupancy data, from the V3C bitstream, or

ACL 3
extra

9.6.2

Input
in Annex C, a target atlas identifier, targetAtlasld, and a set of parameterns,specifying the c
comp

First
of thg
using
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= o< =

I
B

nd non-ACL NAL units of specific type from an atlas sub-bitstream. Subclause 9.6.2 d
ction of V3C units. Subclause 9.6.3 describes the extraction of NAL units.

V3C unit extraction

s to this process are a V3C bitstream, such as a bitstream in the V3C sample stream fo

onents to be extracted.

the locations of the V3C unit boundaries in a V3C bitstream are identified. For example
V3C sample stream format specified in Annex C, the locatien of each boundary can
the syntax element ssvu_v3c_unit_size.

the extraction process for each V3C unit is perfornied as follows:

1_unit_type in the V3C unit headers is equal.to{V3C_AVD, V3C_GVD, V3C_OVD, or )
uh_atlas_id is equal to targetAtlasld, then the following applies based on the inpt

f extraction of atlas sub-bitstreams is\indicated, then if vuh_unit_type is equal to V:
urrent V3C unit, then the V3C unit payload is extracted as an output.

Fextraction of occupancy sub-bitstreams is indicated, then if vuh_unit_type is equal to
he current V3C unit, then thelV3C unit payload is extracted as an output.

5 equal to V3C_GVD,yuh_map_index is equal to mapldx, and vuh_auxiliary_video_flag
h the current V3Cunit, then the V3C unit payload is extracted as an output.

F extraction of auxiliary geometry sub-bitstreams is indicated, then if vuh_unit_typ
3C_GVD, and*vuh_auxiliary_video_flag is equal to 1 in the current V3C unit, then
ayload is'extracted as an output.

f extraction of attribute sub-bitstreams with attribute index attrldx, map index
artition index partldx, is indicated, then if vuh_unit_type is equal to V3C_AVD, vu

escribes the

‘mat defined
bmponent or

, for the case

be identified

Y3C_AD, and

It extraction

C_AD in the

V3C_OVDin

Fextraction of geometryisub-bitstreams with map index mapldx is indicated, then if vih_unit_type

isequalto 0

e is equal to
he V3C unit

mapldx, and
h_attribute_

i

ndex 1s equal To attrldX, vuh_map_indeXx1s equal to mapldx, vuh_attribute_partition_1

ndex is equal

to partldx, and vuh_auxiliary_video_flag is equal to 0 in the current V3C unit, then the V3C unit
payload is extracted as an output.

If extraction of auxiliary attribute sub-bitstreams with attribute index attrldx and partition index
partldx, is indicated, then if vuh_unit_type is equal to V3C_AVD, vuh_attribute_index is equal to
attrldx, vuh_attribute_partition_index is equal to partldx, and vuh_auxiliary_video_flag is equal to
1 in the current V3C unit, then the V3C unit payload is extracted as an output.

It is a requirement of bitstream conformance for the input bitstream that any output sub-bitstream
that is the output of the process specified in this clause shall be a conforming bitstream according
to the codec specification identified by either the CodecGroup profile component or, if present, the
corresponding codec indicated by the component codec mapping SEI message.
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9.6.3 NAL unit extraction process

Inputs to this process are an atlas sub-bitstream, such as a bitstream in the NAL sample stream format
defined in Annex D, and a set of parameters specifying whether it is an ACL or non-ACL NAL unit and
when it is an ACL NAL unit, optionally, the tile ID to be extracted.

First the locations of the NAL unit boundaries in a NAL bitstream are identified. For example, for the
case of the NAL sample stream format specified in Annex D, the location of each boundary can be
identified using the syntax element ssnu_nal_unit_size.

Then, the extraction process for each NAL unit is performed as follows:

If extrad with

ath_id e

tion of ACL NAL units with a specific tile ID, tilelD, is indicated, then all ACL NAL units
jual to tileID and their associated non-ACL NAL units are extracted.

If extrag NAL

units an|

tion of ACL NAL units is indicated without specifying a specific tile ID, then: all ACL
d their associated non-ACL NAL units are extracted.

tion of a non-ACL NAL unit of a specific NAL type, nalType, is indicated;-then all NAL|units

| unit_type equal to nalType, and their associated non-ACL NAL units|are extracted.

If extrad
with nal

10 Pre-reronstruction process

The pre-recgnstruction process depends on the profiles defined in Annex A.

ptions within the scope of this document define~explicit pre-reconstruction proce
ver, some other applications may not, in which ‘ease the pre-reconstruction proc
cope of this document. For example, in the context of the video-based point cloud dec
as defined in Annex H, and the associated<profiles, a pre-reconstruction process, \
Cupancy synthesis operations, is specified‘in Clause H.6.
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11 Reconstruction process

The reconstruction process depends on the'profiles defined in Annex A.

Some applic
However, sd
the scope o
applications

htions within the scope-ofithis document define explicit reconstruction processing
me other applications may not, in which case the reconstruction process is oy
F this document. Fortexample, in the context of the video-based point cloud dec
as defined in Afinex H, and the associated profiles, a nominal reconstruction proc

bteps.
tside
bding
eSS is

specified in Llause H.7.

12 Post-r¢construction process

The post-redonstruction process depends on the profiles defined in Annex A.

Some applications within the scope of this document define explicit post-reconstruction processing
steps. However, some other applications may not, in which case the post-reconstruction process is
outside the scope of this document. For example, in the context of the video-based point cloud decoding
applications, as defined in Annex H, and the associated profiles, a post-reconstruction process, which
performs a number of smoothing operations on the reconstructed point cloud data, is specified in
Clause H.8.

13 Adaptation process

The adaptation process depends on the profiles defined in Annex A

Some applications within the scope of this document define explicit adaptation process steps. However,
some other applications may not, in which case the adaptation process is outside the scope of this
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document. For example, in the context of the video-based point cloud decoding applications, as defined
nex H, and the associated profiles, an adaptation process is specified in Clause H.9.

in An

14 Parsing process

14.1

General

Inputs to this process are bits from the bitstream

Outputs of this process are syntax element values.
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Table

brocess is invoked when the descriptor of a syntax element in the syntax tables is equ
(see subclause 14.2).

Parsing process for 0-th order Exp-Golomb codes

1 General

brocess is invoked when the descriptor of a syntax element ind{he’syntax tables is e

V).
s to this process are bits from the bitstream.
1ts of this process are syntax element values.

x elements coded as ue(v) or se(v) are Exp-Golemb-coded. The parsing process for

al to ue(v) or

ual to ue(v)

these syntax

bnts begins with reading the bits starting at'the current location in the bitstream up to and

ling the first non-zero bit and counting the number of leading bits that are equal to 0.
cified as follows:

ngZeroBits = -1
= 0; |b; leadingZeroBits++ ) (166)

I = read_bits( 1)

ariable codeNum is themrassigned as follows:

pdeNum = 2leadingZereBits _ 1 + read_bits( leadingZeroBits )

e the value returned from read_bits( leadingZeroBits ) is interpreted as a binary repr
signed integer with the most significant bit written first.

"suffi

12 illustrates the structure of the Exp-Golomb code by separating the bit string into
x" bits. The "prefix" bits are those bits that are parsed as specified above for the co

leadi

This process

(167)

bsentation of

"prefix" and
mputation of

hgZetroBits and are shown as either 0 or 1 in the bit string column of Table 12. The "su

ffix" bits are

those bits that are parsed in the computation of codeNum and are shown as X; in Table 12, with i in the
range of 0 to leadingZeroBits - 1, inclusive. Each x; is equal to either 0 or 1.

Table 12 — Bit strings with "prefix" and "suffix" bits and assignment to codeNum ranges

Bit string form Range of codeNum
1 0
01x, 1.2
001xqxg 3.6
0001x,xq%g 7.14
00001x3x,%;Xg 15..30
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Table 12 (continued)

Bit string form Range of codeNum
000001 x4x3X;5X1Xg 31..62

Table 13 illustrates explicitly the assignment of bit strings to codeNum values.

Table 13 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v)

Bit string codeNum
1
010
011
00100
00101
00110
00111
0001000
0001001
0001010

O 0[NV | WwWIN|R|[O

Depending on the descriptor, the value of a syntax element:.is‘derived as follows:
— Ifthe syptax element is coded as ue(v), the value of.the syntax element is equal to codeNum.

— Otherwise (the syntax element is coded as se(V)), the value of the syntax element is derived by
invoking the mapping process for signed Exp*Golomb codes as specified in subclause 14.2.2) with
codeNu as input.

14.2.2 Mapping process for signed Exp-Golomb codes
Input to this|process is codeNum as specified in subclause 14.1.
Output of this process is a value'of a syntax element coded as se(v).

The syntax glement is assigned to the codeNum by ordering the syntax element by its absolute vajue in
increasing order and representing the positive value for a given absolute value with the lower codegNum.
Table 14 proyides thé assignment rule.

Table 14 — Assignment of syntax element to codeNum

codeNum syntax element value
0 0
1 1
2 -1
3 2
4 -2
5 3
6 -3
k ((k+1)/2)*(=Dk+!
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s between individual decoder implementations.
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The term “decode” in this context can‘include the reconstruction in 3D space, i.e. “decod

pam, or it can include further reconstruetion into 3D space. The respective steps included in t
ecified for each profile.
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itstream and\the temporal ID of an atlas sub-bitstream, respectively, shall be equa
n ofthe document.

hch operation point identified by HtidOP, the profile, tier and level information are
hbination of syntax elements, including ptl_profile_codec_group_idc and ptl_profile

capabilities
broperability

all decoders

ax elements

s document. The same set of tier and level definitions is uséd with all profiles, buit individual

h supported
r processing

terms of the
bnstraints of
hpabilities of
expressed.

” can refer to

ecoding the 2D video sub-bitstreams (i:€;*geometry, occupancy, attribute(s)) and the associated atlas sub-

he “decoding”

he operation
Cess unitn in

tstream of the operationipoint”, where "the operation point" is the operation point with which the

t in an atlas
| to O in this

indicated by
_toolset_idc,

that

available, or

re found in or derived from the prnfi]p tier ]pvn]() cynf::v structure in the \IDQ, if

determined through external means.

A.2

Profile, tier and level structure

V3C profiles follow a structured and flexible definition to allow for clearly identifying two distinct
conformance points. These conformance points are illustrated in the decoding block diagram shown in

Figure A.1.
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Figure A.1 — V3C decoding block diagram with decoding conformance points A and B

The first conformance point, point A, covers the decoded video sub-bitstreams and atlas sub-bitstream.
It also covers the derived block to patch map information. It does not, however, cover the reconstruction
process.

The second conformance point, point B, covers the reconstruction process.

A V3C profile decoding capability is defined by a combination of syntax elements ptl_profile_codec_
group_idc and ptl_profile_toolset_idc that are present in the VPS or obtained through external means
if the VPS is unavailable. A V3C profile reconstruction capability is optionally defined by ptl_profile_
reconstruction_idc, as shown in Figure A.2.
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The first two profile components together describe conformance point A. More specifically, they
describe the supported:

— video decoding specifications and their profiles (e.g., Progressive High as specified in
ISO/IEC 14496-10:2020, Annex A, Main or Main 10 as specified in ISO/IEC 23008-2:2020, Annex A),
referred to as the CodecGroup profile component, and

— V3C specific tools (e.g., use of EOM and PLR etc), referred to as the Toolset profile component. The
Toolset profile component describes the bitstream syntax structure.

The third profile component describes conformance point B, specifying the pre-reconstruction,
reconstruction, post-reconstruction, and adaptation tools supported or recommended to achieve
confgrmance in terms of 3D reconstruction. This is referred to as the Reconstrudtion profile
component.

Together, these profile components form a V3C profile, which follows the~naming convention
CodecGroup Toolset Reconstruction. For example, taking the first blocks of Figure A.2, the resulting
V3C profile is named as AVC V-PCC Basic RecO.

Conformance Point A Conformance Point B

Tier Level

Figure A.2 — V3C profile,tier and level structure

Confgrmance can be specified for a single V3C' bitstream, as defined in Annex C, or for a|collection of
V3C qub-bitstreams that are associated with each other and provide information for the regonstruction
of a sequence of volumetric frames.

A V3( bitstream may consist of one“or' more atlas sub-bitstreams, and each atlas may inclugle additional
sub-Hitstreams, such as an occupaticy sub-bitstream, 0 or more geometry map sub-bitstregms, and 0 or
more|attributes of different type.

Any V3C bitstream, collection of V3C sub-bitstreams, or V3C decoder can claim support of both
confgrmance point A and‘conformance point B. However, indicating conformance point A i$ mandatory,
whilg conformance point B is optional. For example:

— AVC V-PCE€/Basic, is a valid profile that clearly indicates its CodecGroup and Toplset profile
domponents while providing no indication of a Reconstruction profile component.

— AVE V-PCC Basic RecO0, is a valid profile that clearly indicates its CodecGroup and Tqolset profile
domponents while also indicating support of a Reconstruction profile component thatfprovides for
elementary 3D reconstruction.

— AVCRec0, is NOT a valid profile as the Toolset information is missing.
— V-PCC Basic Rec0, is NOT a valid profile as the CodecGroup information is missing.

To indicate profile conformance of a bitstream or decoder at conformance point A, it is only needed
to consider the CodecGroup and Toolset profile components. Decoders conforming to a V3C profile
at conformance point A (identified by syntax elements ptl_profile_codec_group_idc and ptl_profile_
toolset_idc) at a specific level (identified by a specific value of syntax element ptl_level_idc) of a specific
tier (identified by a specific value of syntax element ptl_tier_flag) shall be capable of decoding all V3C
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bitstreams or collection of V3C sub-bitstreams, according to Clause 9, for which all of the following

conditions apply:

— The V3Cbitstream or the collection of V3C sub-bitstreams are indicated to conform to the supported
CodecGroup and Toolset profile components, as indicated in Clauses A.3 (CodecGroup) and A.4

(Toolset).

— The V3C bitstream or the collection of V3C sub-bitstreams are indicated to conform to a level that is

lower than or equal to the specified level, as indicated in Clause A.6.

— The V3C bitstream or the collection of V3C sub-bitstreams are indicated to conform to a tier thatis

lower than or equal to the specified tier, as indicated in Clause A.6.

A decoder njay support and may be able to conform to multiple reconstruction profiles as(spefified
in Clause A.%. However, the reconstruction profile a decoder selects to operate in, is outside-the scope
of this docuiment. When a decoder claims to be operating at a particular conformance geint B, it| shall
be capable ¢f reconstructing a volumetric frame according to the reconstruction regommenddtions

specified by [that profile.

A.3 CodegrGroup profile components

Table A.1 prgvides a list of defined CodecGroup profile components for V3Cand respectively the allowed
values for sylntax element ptl_profile_codec_group_idc.

Table A.1 — Available CodecGroup profile components

CodecGroup ptl_profile_codec_group_idc 4CC code
AVC Prpgressive High 0 'avc3’
HEVC Main10 1 'hevl'
HEVC444 2 'hev1'
V{C Main10 3 'vvcl'
Reserved 4.126 -
MP4RA 127 provided by component codgc

P

mapping SEI message (F.2.11

Table A.2 provides a list of the supported codec functionalities for each CodecGroup profile compgnent.

Table A.2 — CodecGroup profile component supported functionality

ARY Plr{(’igfless“’e HEVC Main10 HEVC444 VVC Main 10 MP4RA
> > > > >
2|l g |glEle|le|lE|le|l B & |g5]¢8
= ] cé = < cé = < g = < Q = < wE__ E
=l T = T— = T— =l = T— = —
5 | 8|s| E|8|s|E|8|s|&| 38 || B |85 ¢
& S|lo| & |8l |<|&8|o|<| & |o < |8|lo| <
gdr"u Mono v v v v v v _ _
S E 420 | v | v | v v v v v v v v [ v v |-l -] -
= O
She 4:4:4 v - - -
v v | v v v v v ivIiv] v |v v |-l -] _
< 8 bit
&
= vivivi]iv]v]|v] v |v v [-]-T -
m 10 bit
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Ave Plr{"igﬁess“’e HEVC Main10 |  HEVC444 VVC Main 10 MP4RA
= © ) = © ) = © [5) = 5 ) = | O =
< Q. g =2 Q g = Q. g = =% g Pl ol g =
2. 21 8| 5138l gl s8] 8]¢g]| 5 g S 5 |8/g| 5
8 S|o| X || |2 |S|o| <] & | = |o|o| =

o As defined
5 1SO/IEC 23090-3 | by a compo-
g2 name | ISO/IEC 14496-10 ISO/IEC 23008-2 ] nent codec
2z (Under preparation)| mapping SEI
=g (F.2.11)
ELE Main 10

3 Progressive High am Y as Main 4:4:4 10 as VVC Main 10 as

S . P specified in e o NP

= profile as specified in 1SO/IEC 23008- specified in specified in -

= ISO/IEC 14496-10 > ISO/IEC 23008-2| ISOAEC 23090-3

A tick mark in Table A.2 indicates that a particular feature is suppoited by the defingd profile. A
symbol, i.e. "-", indicates that support of a particular feature\is“specified by means|outside this

ment.

All video sub-bitstreams of a V3C bitstream or a collection of ¥.3C sub-bitstreams conform tjo the stream
format indicated in the component codec mapping SEI (E2.11).

For pfl_profile_codec_group_idc equal to 0, all video sub*bitstreams shall conform to the stiream format
identjfied by 4CC code equal to 'avc3'. The codecids associated with all video sub-bitstfeams in the
active VPS are inferred to be mapped to 'avc3'. The component codec mapping SEI mesdage (F.2.11),
whern present, shall also indicate the value of<avc3’ for all instances j of ccm_codec_4cc[ | ] present in
this JEI message.

For pitl_profile_codec_group_idc equal.to 1 or 2, all video sub-bitstreams shall conform tp the stream
format identified by 4CC code equal £o 'hev1'. The codec ids associated with all video sub-hitstreams in
the a¢tive VPS are inferred to be mapped to 'hev1'. The component codec mapping SEI message (F.2.11),
when] present, shall also indicate‘the value of ‘hev1' for all instances j of ccm_codec_4cc| | ] present in
this §EI message.

For pfl_profile_codec_group_idc equal to 3, all video sub-bitstreams shall conform to the stiream format
identjfied by 4CC cqde-equal to 'vvcl'. The codec ids associated with all video sub-bitstfeams in the
active VPS are inferred to be mapped to 'vvcl'. The component codec mapping SEI mesdage (F.2.11),
wher present, shall also indicate the value of ‘vvcl' for all instances j of ccm_codec_4cc[ | ] present in
this §EI message.

For ptl_profile_codec_group_idc equal to 127, a video sub-bitstream of an atlas with atlag ID equal to
atlas]DtHat is associated with a particular codec id codeclID, where codecID may correspond to the
value of oi_occupancy_codec_id[ atlasID ], gi_geometry_codec_id[ atlasID ], gi_auxiliary_geometry_
codec_id[ atlasID ], ai_attribute_codec_id[ atlasID ][ i ], and ai_auxiliary_attribute_codec_id[ atlasID ][ i]
depending on the type of the video, i.e. occupancy, geometry, auxiliary geometry, attribute with index
i, or auxiliary attribute with index i, shall conform to the stream format indicated by the value of ccm_
codec_4cc| codeclD ] as defined in the component codec mapping SEI message (F.2.11).

When stream format is identified by a 4CC code defined in ISO/IEC 14496-15, the number of bytes that
indicate the NAL unit length, NALUnitLength, defined in ISO/IEC 14496-15 as being equal to the field
LengthSizeMinusOne + 1, shall be equal to 4.

The use of the MP4RA CodecGroup profile component is not meant as an interoperability point.
Conformance to this profile can be specified by means outside this document.
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A.4 Toolset profile components

Table A.3 provides a list of defined toolset profile components for V3C and their corresponding
identifying syntax element values, e.g. ptl_profile_toolset_idc and ptc_one_v3c_frame_only flag, that
are defined for use by this document. The syntax element ptl_profile_toolset_idc provides the primary
definition of a toolset profile. However, additional syntax elements, such as ptc_one_v3c_frame_only_

flag, can indicate additional characteristics or restrictions of a defined profile. In the case of ptc_one_

v3c_frame_only_flag, this syntax element indicates that such a profile can only support a single V3C
frame. Reserved values of ptl_profile_toolset_idc are reserved for future use by I[SO/IEC and shall not be
present in V3C bitstreams conforming to this edition of this document. The defined profiles in Table A.3
are also characterized as either dynamic or static, depending on whether they are targeting dynamic or
static, i.e. siffgle, volumetric frame applications.

Table A.3 — Available toolset profile components

ptl_profild_toolset_idc | ptc_one_v3c_frame_only_flag | Toolset profile component Type
0 V-PCC Basic Dyvnandic
0 /* Specified in AnnexH%/ y
1 V-PCC Basic Stil] Statid
/* Specified in Arinex H*/
0 V-PCC Extended Dvnandic
1 /* Specifiediin Annex H*/ y
1 V-PCEExtended Still Statid
/* Specified in Annex H*/
2.1255 - Reserved -

A.5 Reconstruction profile components

Table A.4 provides a list of defined reconstructionyprofile components for V3C and of the allowed values
for syntax e;Lment ptl_profile_reconstruction_ide. Values of ptl_profile_reconstruction_idc in the range
of 0 to 254, inclusive, may be specified by a V3C application and may depend on the value of ptl_prjofile_
toolset_idc. For example, for the case of ptliprofile_toolset_idc equal to 0 or 1, which indicates a Y-PCC
application, subclause H.11.5 specifies reconstruction profiles appropriate for that application.

For the Rec [Unconstrained reconstruction profile, the reconstruction process is outside the scqpe of
this documept.

Table A.4 — Defined reconstruction profile components

ptléprofile_reconstruction_idc Reconstruction
profile component
0..254 Application dependent
255 Rec Unconstrained

A.6 Tiers and levels

A.6.1 General tier and level limits

For purposes of comparison of tier capabilities, the tier with ptl_tier_flag equal to 0 is considered to be
a lower tier than the tier with ptl_tier_flag equal to 1.

For purposes of comparison of level capabilities, a particular level of a specific tier is considered to be
a lower level than some other level of the same tier when the value of the ptl_level_idc of the particular
level is less than that of the other level.
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The following is specified for expressing the constraints in this annex:

— Let atlas coded access unit n be the n-th access unit in decoding order, with the first access unit
being access unit 0 (i.e., the 0-th access unit).

Let atlas n be the coded atlas or the corresponding decoded atlas of access unit n.

When a specified level is not level 8.5, V3C bitstreams conforming to all profiles specified in this
document at a specified tier and level shall obey the following constraints for each atlas sub-bitstream
conformance test as specified in Annex E:

a) AspsFrameSize shall be less than or equal to MaxAtlasSize, where MaxAtlasSize is specified in
able A.6.

b) Vps_map_count_minusl + 1 shall be less than or equal to LevelMapCount, where'LevelMapCount is
specified in Table A.5.

c) di_attribute_count shall be less than or equal to MaxNumAttributeColint, where
axNumAttributeCount is specified in Table A.5.

d) di_attribute_dimension_minusl + 1 shall be less than or equal t¢ MaxNumAttributePims, where
axNumAttributeDims is specified in Table A.5.

e) afti_num_tiles_in_atlas_frame_minus1 + 1 shall be less than-MaxNumTiles is specified|in Table A.6.

f)  When the current atlas frame is an IDR coded atlas ath @tlas_frm_order_cnt_lsb shall e equal to 0.

A.6.2 Profile specific level limits for the V3C dynamic profiles

A tiey and level to which V3C bitstream conformsrare indicated by the syntax elements|ptl_tier_flag
and ptl_level_idc. ptl_level_idc shall be set equal to a value of 30 times the level number| specified in
Tablg A.5.
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Max # of attribute dimensions

Table A.5 — General V3C or VPS related level limits

Nt |n|o
MaxNumAttributeDims
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—|n || |2
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. olo|o|ol|8
MaxNumRawPoints HEIREIEIELRS
Q| ¥ || S
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. o|lo|O| O
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ol O|O
. . S| /3Y8
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olo|lo|a/8|8
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— |~ o | 8D
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D |IO | O
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Table A.5 specifies the general V3C and VPS related limits for each level of each tier.

-5:2021(E)

Let the variable t0 denote the time instance in milliseconds at which the first bit of the coded atlas
access unit 0 begins to enter the CAB.

For any time t1 greater than or equal to t0, the variables NumProjPointsPerSec, NumRawPointsPerSec,
and NumEomPointsPerSec, are defined and set equal to the total number of NumProjPoints,
NumRawPoints, and NumEomPoints, respectively, of the volumetric frames that are output for all
values of t, with t1 <=t <t1 + 1 000. NumRawPoints and NumEomPoints are specified in subclause 9.2.7,
and NumProjPoints is specified in subclause B.2.2.

For any time tl1 greater than or equal to tO, the variables AtlasTotalNumProjPa

tchesPerSec,

Atlas
set ¢
Atlas
of t,
Atlas

V3C 1
const

— N
— N

[otalNumRawPatchesPerSec, and AtlasTotalNumEomPatchesPerSec, are )dg
bqual to the total number of AtlasTotalNumProjPatches, AtlasTotalNumRawP
[otalNumEomPatches, respectively, of the atlas frames that are decoded” for
with t1 <= t < t1 + 1 000. AtlasTotalNumProjPatches, AtlasTotalNomRawH
[otaNumEomPatches are specified in subclause 9.2.7.

pitstreams conforming to dynamic profiles at a specified tier and devel shall obey t
raints for each atlas bitstream conformance test as specified in AnneX E.

umProjPoints shall be less than or equal to MaxNumProjPoints,

umRawPoints shall be less than or equal to MaxNumRawZRoints,

umEomPoints shall be less than or equal to MaxNumEomPoints,
umProjPointsPerSec shall be less than or equalto MaxNumProjPointsPerSec,
umRawPointsPerSec shall be less than or equal to MaxNumRawPointsPerSec, and
umEomPointsPerSec shall be less than«0r'equal to MaxNumEomPointsPerSec

e MaxNumProjPoints, MaxNumRawPoints, MaxNumEomPoints, MaxNumProjH
lumRawPointsPerSec and MaxNumEomPointsPerSec are specified in Table A.5.

fined and
atches, and
all values
atches, and

he following

ointsPerSec,
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Table A.6 — General atlas ASPS and tile related level limits

|| o|o|R
Max # of EOM patches per second NMNEEE ©
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NN o|R| 8]
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QIR o|ald|S
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Table A.6 specifies the atlas ASPS and tile related level limits.

The specified limits apply to all atlas tiles forming the V3C bitstream.

wher
MaxHK

AtlasTotalNumProjPatches shall be less than or equal to MaxNumProjPatches,

AtlasTotalNumRawPatches shall be less than or equal to MaxNumRawPatches,

AtlasTotalNumEomPatches shall be less than or equal to MaxNumEomPatches,

-5:2021(E)

AtlasTotalNumProjPatchesPerSec shall be less than or equal to MaxProjPatchesPerSec,

P

A

tlasTotalNumEomPatchesPerSec shall be less than or equal to MaxEomPatchesPernSe

afti_num_tiles_in_atlas_frame_minus1 + 1 shall be less than or equal to MaxNumTiles,

HasTolalNumBawPalchesPorSec shall be less thanorequalto- MasdRawPatchesPerseg,

t, and

e MaxNumProjPatches, MaxNumRawPatches, MaxNumEomPatches;-)MaxProjPatchesPerSec,

awPatchesPerSec, MaxEomPatchesPerSec and MaxNumTiles are speCified in Table AJ6.
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Max aggregate # 1000 bits/s

MaxAggregateBitRate

Max # 1000 bits/s per video stream

MaxBitRatePerStream

Max aggregate luma sample rate MaxAggregateLumaSr

Maxl luma_ picture size in MaxPictureSize (samples)
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Table A.7 specifies the general video bitstream level limits.

For example, when ptl_profile_codec_group_idc is equal to 0, the maximum sample rate of a single video
sub-bitstream is specified in ISO/IEC 14496-10:2020, Table A.1 as MaxMBPS * MaxFS. When ptl_profile_
codec_group_idc is equal to 1 or equal to 2, the maximum sample rate of a single video sub-bitstream is
specified as MaxLumaSr in ISO/IEC 23008-2:2020, Table A.7. When ptl_profile_codec_group_idc is equal
to 127, the definition of the maximum sample rate of a single video sub-bitstream is outside the scope
of this document.

Let the variable t0 to denote the time instance in milliseconds when the first bit across all V3C video
sub-bitstreams is encountered.

For ay time t1 greater than or equal to t0, the bit rate for each individual V3C video sub-bitstream,
V3CVideoBitRate, is defined and set equal to the total number of decoded bits for thelinglividual V3C
vided sub-bitstream for all values of t, with t1 <=t<t1 + 1 000.

It is
MaxH

a requirement of V3C bitstream conformance that V3CVideoBitrate i§“less than|or equal to

UT

itRatePerStream, as specified in Table A.7, for all individual V3C video sub-bitstream

For any time t1 greater than or equal to t0, the aggregate sample rate; AggregateLum

aggre

equa
specified in ISO/IEC 23008-2:2020, Annex A. When ptl_profile_codec_group_idc is equa
derivption of the maximum coded picture buffer size is outside the scope of this document

gate bit rate, AggregateBitRate, are defined and set equal to the-total number of d
les and the total number of decoded bits, respectively, across.allvideo components for

picture buffer size, as specified by the corresponding video codec specification. |
ptl_profile_codec_group_idc is equal tg0; the maximum coded picture buffer size is
able MaxCPB specified in ISO/IEC 14496-10:2014, Table A.1. When ptl_profile_codec|
to 1 or equal to 2, the maximum edded picture buffer size is also identified by a vari

The fpllowing variables are specified:

I{et the variable fR beiset equal to 1 + 1 000.

Ilet the variable- MaxPatchSize, which represents the maximum total number of |
expected to be.associated with all decoded elements in a patch, be equal to 40 bytes.

Ilet the variable aR = AspsFrameSize + MaxAggregateLumaSr.

Ifet aCcess unit n be the n-th access unit in decoding order, with the first access unit

o

aSr, and the
bcoded luma
all values of

pBitRate are
specified in

For example,
identified by
| group_idc is
hble MaxCPB
| to 127, the

ytes that is

being access

nit{0 (i.e., the 0-th access unit).

Let atlas n be the coded atlas or the corresponding decoded atlas of access unit n.

Let the variable MaxNumSubLayersMinus1 be equal to 0.

Then the following constraints apply:

a)
b)

The value of asps_max_dec_atlas_frame_buffering_minusl + 1 shall be less than or equal to 16.

For the ACL HRD parameters, CabSize[ 1 ][ HtidOP ][ i ] shall be less than or equal to

MaxCABSize

for at least one value of i in the range of 0 to hrd_cab_cnt_minus1[ HtidOP ], inclusive, where
CabSize[ 1 ][ HtidOP ][ i ] is specified in subclause G.3.3 based on parameters selected as specified

in Clause E.1 and MaxCABSize is specified in Table A.5 in bits.
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f)

g)

h)

where
MaxPatchRTe are specified in Table A.6.

The sum of the NumBytesInNalUnit variables.for coded atlas access unit 0 shall be less than or equal

i)

For the NAL HRD parameters, CabSize[ 0 ][ HtidOP ][ i ] shall be less than or equal to MaxCABSize
for at least one value of i in the range of 0 to hrd_cab_cnt_minus1[ HtidOP ], inclusive, where
CabSize[ 0 ][ HtidOP ][ i ] is specified in subclause G.3.3 based on parameters selected as specified
in Clause E.1 and MaxCABSize is specified in Table A.1 in bits.

The nominal removal time of a coded atlas access unit n (with n greater than 0)
from the CAB, as specified in subclause E.2.3, shall satisfy the constraint that
AuNominalRemovalTime[ n ] - AuCabRemovalTime[ n - 1] is greater than or equal to Max( aR, fR).

The difference between consecutive output times of atlases from the DAB, as specified in
subclause E.3.3, shall satisfy the constraint that DabOutputInterval[ n ] is greater than or equal to
Max( aR, i at atlasisno astatlas of the atlas bitstream thatis output

For the ACL HRD parameters, BitRate[ 1 ][ HtidOP ][ i ] shall be less than or equal to MaxAtlasBR for
atleast ¢ne value of i in the range of 0 to hrd_cab_cnt_minus1[ HtidOP ], inclusive, wheré BitRate[ 1 ]
[ HtidOH ][ i] is specified in subclause G.3.3 based on parameters selected as specifiédin Clause E.1

and MaxAtlasBR is specified in Table A.6.

For the NAL HRD parameters, BitRate[ 0 ][ HtidOP ][ i ] shall be less than or equal to MaxAtlasER for
atleast ¢ne value of i in the range of 0 to hrd_cab_cnt_minus1[ HtidOP ], inelusive, where BitRate[ O ]
[ HtidOH ][ i] is specified in subclause G.3.3 based on parameters selectéd as specified in Clauge E.1
and MaxAtlasBR is specified in Table A.7.

For coddd atlas access unit 0, let the variables maxNumPatches, makPatchBytes and nB be dgfined
as followys:

max[NumPatches = MaxNumProjPatches + MaxNumRawPatches + MaxNumEomPatches
maxlPatchBytes = MaxPatchRate * MaxPatchSize

nB § Max( maxNumPatches, fR * MaxPatchRate¢.%

maxPatchBytes * ( AuCabRemovalTime[ 0j,— AuNominalRemovalTime[ 0 ] )

the| values MaxNumRawPatches, MaxNumEomPatches| and

of MaxNumProjPatches,

ro nB.

For cod¢d atlas access unit n, with-h greater than 0, let the variables maxPatchBytes and pB be
defined ps follows:

maxPatdhBytes = MaxPatchRate * MaxPatchSize

nB = maxPafchBytes * ( AuGabRemovalTime[ n | - AuCabRemovalTime[n-11])
where MaxPptchRate is,Specified in Table A.6.

The sum of the NumBytesInNalUnit variables for access unit n shall be less than or equal to nB.
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Post-decoding conversion to nominal video formats

General

The video frames provided by the decoder may require additional processing steps beforeh
the r¢construction process. Such processing steps may include conversion of the decoded Y
to a jominal format (e.g. a nominal resolution, bit depth, chroma format, etc.) or a.conversi

(e.g1
prov
procg
The ¢
confd
The d

The processes described in Annex B are invoked for decoded ideo components associa

same|
throu

This

ap extraction, multi-dimensional attribute packing, etc.), as described inCGlause B.2

es methods of how to perform such processing steps. These may be-substituted b
sses, which are outside of the scope of this document, that may produce similar vi
efinition of similar visual quality is outside the scope of this document. However, for
rmance to point B and as an example, a post-decoding operation-flow is presented i
rder of processing steps may not necessarily be the same as presented in Figure B.1.

atlas ID, identified by variable ConvAtlasID, which is\set equal to vuh_atlas_id or
gh external means if the V3C unit header is unavailable.

‘lause takes as inputs the syntax elements and Upper-case variables from Clauses 8 a1

eing input to
yideo frames
On operation
. This clause
7 alternative
sual quality.
purposes of
h Figure B.1.

ted with the
determined

nd 9.
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V3C bitstream

V3C unit extraction (Subclause 9.6.2)

Pre-reconstruction
(Section 10)

v

Reconstruction
(Section 11)

v

Post-reconstruction
(Section 12)

v

Adaptation
(Section 13)
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Figure B.1 — Post-processing conversion for a V3C bitstream with a single atlas
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B.2 Nominal format conversion

B.2.1 General

The nominal format refers collectively to the nominal bit depth, resolution, chroma
composition time index that the decoded videos should be converted to.

Each video sub-bitstream is associated with a nominal bit depth, which is the target bit d

5:2021(E)

format and

epth that all

operations for reconstruction are expected to be performed in. The nominal bit depth for the occupancy

component, OccBitDepthNF, is set equal to oi_occupancy_2d_bit_depth_minus1[ ConvAtlas

ID]+ 1. The

nominal bit depth for each geometry Vldeo component GeoBltDepthNF is set equal to g1 geometry_2d_

bit_deptt 3
with attrlbute 1ndex attrIdX AttrBltDepthNF[ attrIdx ], is set equal to ai_attribute_2
minufl[ ConvAtlasID ][ attrldx ] +

The pominal frame resolution for non-auxiliary video components is defined.by’the no
VideqWidthNF, set equal to asps_frame_width, and the nominal height, VideoHeightN
to asps_frame_height. The nominal frame resolution for auxiliary video-edmponents i
the nominal width and height specified by the variables AuxVideoWidthNF and AuxVid
respdctively.

The nominal chroma format is defined to be 4:4:4.

The pominal composition time is defined based on the timing‘information of the atlas s
and specified by the decoded atlas composition time, DecAtlasCompTime. The timing infor
atlas[sub-bitstream may be provided either in the bitstream or by external means not spe
document. For example, for V3C bitstreams encapsulated in the ISO media file format, the
time for the atlas sub-bitstream is indicated accordinhg to ISO/IEC DIS 23090-10.

The d
fi

onversion processes to the nominal formatiare defined as follows:

br the occupancy video component subclause B.2.2 is invoked,

-

br the geometry video componentsubclause B.2.3 is invoked,

the auxiliary geometry video component is present, for the auxiliary geometry vide
ubclause B.2.4 is invoked,and

(%)

o <

han zero or detegmined through external means if the VPS is not available, then:

- for each attribute video component subclause B.2.5 is invoked and

- if auxiliary attribute video component is present, for each auxiliary attribute vided
subelause B.2.6 is invoked.

NOTH For checking conformance point B it is expected to follow the order of processes as de{

Fhen the number of attributes is greater than zero, i.e. ai_attribute_count[ ConvAtlasID

Ep component
d_bit_depth_

minal width,
F, set equal
5 defined by
eoHeightNF,

\nt?-bitstream

ation of the
cified in this
composition

b component

] is greater

component,

cribed in this

subclause, aithougit tite output of this process cam atso be achieved by a different combination o
variations of the processes described in this subclause.

B.2.2 Occupancy nominal format conversion

processes or

This process converts the decoded occupancy frames, DecOccFrames, to the nominal format.

Let the variables occNumComp, occMSBAlignFlag and occThreshold be set as follows:

occNumComp =1
occMSBAlignFlag = oi_occupancy_MSB_align_flag[ ConvAtlasID ]
occThreshold = oi_lossy_occupancy_compression_threshold[ ConvAtlasiD ]

© ISO/IEC 2021 - All rights reserved
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Output of this process is:

To c

the 4D array OccFramesNF, indicating the decoded occupancy frames in the nominal format, where
the dimensions correspond to the occupancy video frame index, the component index, the row index
and the column index, respectively.

onvert the decoded occupancy video to the nominal format, several processing steps may need to

be performed depending on the original format of the decoded video. In particular:

NOT

occupancy is ppscaled to the nominal resolution.

Given OccFramesNF, the variable NumProjPaints is derived as follows:

140

To convert the bit depth of the decoded occupancy video frames to the required nominal bit depth,
subclause B.3.2 isinvoked for each frame index frameldx, with variables DecOccBitDepth[ frameldx],
DecOccHeight[ frameldx ], DecOccWidth[ frameldx ], OccBitDepthNF, and occMSBAlignFlag, and
array DgcOccFrames| frameldx ][ 0 ] as inputs. The output of this process is the decoded occu
frame af the nominal bit depth, decOccFramesNBD][ frameldx ][ O ].

To convert the occupancy frames to the nominal frame resolution, subclause B.3.3{is invoked for
each frgme index frameldx, with variables DecOccHeight[ frameldx ], DecOccWidth[ frameldx ],
VideoHdightNF, and VideoWidthNF, and array decOccFramesNBD[ frameldx<}{ 0 ] as inputs.
The oufput of this process is the decoded occupancy frame at the, hominal resolfition,
decOccHramesNR[ frameldx ][ O ].

To identlify missing frames in the sequence and re-order the input, ‘subclause B.3.4.1 is inyoked
with variables NumDecOccFrames, occNumComp, VideoHeightNE;:-and VideoWidthNF, and alrrays
decOccHramesNR, DecOccOutOrdldx, and DecOccCompTime as inputs. The outputs of this prpcess
are the [number of frames being output, numOutOrdOccFranies, the decoded occupancy frjames
orderedjaccordingto the output order index, decOccFramesONF,a 1D array, framePresent, indidating
the presgence of a frame, and a 1D array, decOccCompTimeONF, indicating the composition time of
each frane ordered according to the output order index.

Toalignthe compositiontimes ofthe decoded occupancy framesin outputorderand the decoded atlas
frames, subclause B.3.4.2 is invoked with variables NumDecAtlasFrames, numOutOrdOccFrames,
occNum[fComp, VideoHeightNF, and VideoWidthNF, and arrays DecAtlasOutOydldx,
DecAtlagCompTime, decOccFramesONF, de€OccCompTimeONF, and framePresent as inputd. The
outputs|of this process are the number, of frames being output, rangeCompTimeldx, the output
composition time of each frame, occCompTime, and a sequence of frames in the nominal f¢grmat
aligned ith the decoded atlas composition time, OccFramesNF.

If asps_om_patch_enabled_flag”is equal to 0, to convert the sample values in the de¢oded
occupancy frames to binaxyvalues, subclause B.3.9 is invoked for each frame index franjeldx,
with vgriables occThreshold, OccBitDepthNF, VideoHeightNF, and VideoWidthNF, and prray
OccFranpesNF[ frameldx[ 0 ] as inputs. The output of this process is the updated occupancy frame,
OccFramesNF[ frameldx ][ 0 ], containing binary values only.

E In|an alternative implementation, a decoder can perform the thresholding process befoie the

NumProjPoints = 0
for (y = 0; y < asps_frame_height; y++)
for( x = 0; x < asps_frame_width; x++)
if( OccFramesNF[ compTimeldx ][0 ][y ][x]!=0)
NumProjPoints++

projectedPointsScale = asps_map_count_minus1 + 1

for (i=0; i< asps_map_count_minus1+1; i++) {
addPoints = ( asps_map_pixel_deinterleaving_flag[i]!=0) || ( plri_map_present_flag[i]!=0)
projectedPointsScale += addPoints

}

NumProjPoints = NumProjPoints * projectedPointsScale
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B.2.3 Geometry nominal format conversion

5:2021(E)

This process converts the decoded geometry frames, DecGeoFrames, to the nominal format.

Let the variables geoNumComp, geoMultipleMapsPresentFlag, geoMapCount and geoMSBAlignFlag, be
set as follows:

Let the 1D array geoMapAbsCodingFlag be set as follows:

Outp

NOTE
maps
decoding.

To co|
perf

© ISO/IEC 2021 - All rights reserved

geoNumComp =1

geoMultipleMapsPresentFlag = vps_multiple_map_streams_present_flag[ ConvAtlasID
geoMapCount = vps_map_count_minus1[ ConvAtlasID | + 1

geoMSBAlignFlag = gi_geometry_MSB_align_flag[ ConvAtlasID ]

]

for( c = 0; c < geoMapCount; c++ ) {
geoMapAbsCodingFlag|[ c ] = vps_map_absolute_coding_enabled_flag[ ConvAtlasID
}

1t of this process is:

he 5D array GeoFramesNF, the decoded geometry frames in the nominal formaf

olumn index and the row index of the frames.

The order of processes or variations of the processeskdéescribed in this annex is a sul
are first separated and then converted. The conversion can-happen before the map separati

vert the decoded geometry video to the nominal format, several processing steps m4
med depending on the original format of the.decoded video. In particular:

o convert the bit depth of the geometky frame to the required nominal bit dept
ubclause B.3.2 isinvoked for each mapindex, mapldx, and each frame index, frameldx, w
ecGeoBitDepth[ mapldx ][ frameldxd, DecGeoHeight[ mapldx ][ frameldx ], DecGeoWic
frameldx ], GeoBitDepthNF, andgeoMSBAlignFlag, and array DecGeoFrames[ mapldx
0 ] as inputs. Output of this process is the decoded geometry frame at the nomin|
ecGeoFramesNBD[ mapldx(f frameldx ][ O ].

Qr———wn

To convert the frame resolution of the geometry frame to the required nominal fram|
sjubclause B.3.3 is invoked for each map index, mapldx, and each frame index, frq
variables DecGeoHeight[ mapldx ][ frameldx ], DecGeoWidth[ mapldx ][ frameldx ], Vid
and VideoWidthNF, and array decGeoFramesNBD[ mapldx ][ frameldx ][ 0 ] as inpu
this process.is-the decoded geometry frame at the nominal resolution, decGeoFrames]|

[—

—
(@}

[a—

, where the

t
dimensions correspond to the map index, the geometry video.frame index, the components, the
g

ggestion. The
bn, right after

iy need to be

h resolution,
ithvariables
Ith[ mapldx |
[ frameldx |
al bit depth,

e resolution,
meldx, with
eoHeightNF,
rs. Qutput of
NR[ mapldx |

PresentFlag,
"GeoFrames

e 3 S process are
the number of frames bemg output rangeOutOrdIdx the decoded nommal resolution geometry
frames ordered according to the output order index, decGeoFramesONF, a 1D array, framePresent,
indicating if a frame is present, and a 1D array, decGeoCompTime, indicating the composition time
of each frame ordered according to the output order index.

To align the composition times of the decoded geometry and the decoded atlas frames,
subclause B.3.4.2 is invoked for each map index, mapldx, with variables NumDecAtlasFrames,
rangeOutOrdldx[ mapldx ], geoNumComp, VideoHeightNF, and VideoWidthNF, and
arrays DecAtlasOutOrdldx, DecAtlasCompTime, decGeoFramesONF] mapldx 1,
decGeoCompTimeONF[ mapldx ], and framePresent] mapldx | as inputs. The outputs of this process
are the number of frames being output, rangeCompTimeldx, the output composition time of each
frame, geoCompTime[ mapldx ], and a sequence of frames in the nominal format aligned with the
decoded atlas composition time, GeoFramesNF[ mapldx ].
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To synthesize the maps of the geometry, subclause B.3.7 is invoked with variables
geoMultipleMapsPresentFlag, geoMapCount, rangeCompTimeldx, GeoBitDepthNF, geoNumComp,
VideoHeightNF, and VideoWidthNF, and arrays GeoFramesNF and geoMapAbsCodingFlag as
inputs. The output of this process is the updated decoded geometry frame in the nominal format,

GeoFramesNF, containing synthesized geometry values.

B.2.4 Auxiliary geometry nominal format conversion

This process converts the decoded auxiliary geometry frames, DecGeoAuxFrames, to the nominal format.

Let the variables geoAuxNumComp and geoMSBAlignFlag, be set as follows:

geoAux)
geoMSB|

Output of th

the 4D ¢
dimensi
the row

NOTE Th
of the process

To convert t
need to be p

lumComp =1
AlignFlag = gi_geometry_MSB_align_flag[ ConvAtlasiD ]

S process is:

rray GeoAuxFramesNF, the decoded geometry frames in the nominakformat, wher
bns correspond to the geometry video frame index, the components,the column inde
index of the frames.

e output of this process can also be achieved by a different combinatien of processes or vari
es described in this annex. The specification and order described.in this annex is a suggestio

he decoded auxiliary geometry video to the nominal forimat, several processing step
erformed depending on the original format of the decoded video. In particular:

e the
X and

htions
.

5 may

To convert the bit depth of the auxiliary geometyy“to the required nominal bit ¢epth
resolutipn, subclause B.3.2 is invoked for each Mrame index frameldx, with varjables
DecGeopuxBitDepth[ frameldx ], DecGeoAuxHeight[ frameldx ], DecGeoAuxWidth[ frame|dx ],
GeoBitDepthNF, and geoMSBAlignFlag, and array’DecGeoAuxFrames[ frameldx ][ 0 ] as igputs.
The output of this process is the decoded auxiliary geometry frame at the nominal bit depth,
decGeoAuxFramesNBD[ frameldx ][ O ].

To convért the frame resolution of the auxiliary geometry to the required nominal frame resolyition,
subclaugeB.3.3isinvokedforeachframeindexframeldx, withvariablesDecGeoAuxHeight[frameldx],
DecGeopuxWidth[ frameldx _J~’AuxVideoWidthNF, and AuxVideoHeightNF, and prray
decGeoAuxFramesNBD|[ frameldx’][ 0 ] as inputs. The output of this process is the decoded auxjliary

geometily frame at the nominal resolution, decGeoAuxFramesNR|[ frameldx ][ O ].

ert the auxiliary-geometry frame order defined by frameldx, to the required output
B.3.4.1 hmes,
geoAuxllumCompyAuxVideoHeightNF, and AuxVideoWidthNF, and arrays decGeoAuxFramgesNR,
DecGeopuxOutQrdldx, and DecGeoAuxCompTime as inputs. The outputs of this process aie the
ames
ordered|agcording to the output order index, decGeoAuxFramesONF a 1D array, framePresent,
g the

composmon time of each frame ordered accordlng to the output order index.

To align the composition times of the decoded auxiliary geometry frames in output order and
the decoded atlas frames, subclause B.3.4.2 is invoked with variables NumDecAtlasFrames,
numOutOrdGeoAuxFrames, geoAuxNumComp, AuxVideoHeightNF, and AuxVideoWidthNF, and
arrays DecAtlasOutOrdldx, DecAtlasCompTime, decGeoAuxFramesONF, decGeoAuxCompTimeONF,
andframePresentasinputs. The outputsofthisprocessarethenumberofframes,rangeCompTimeldx,
the output composition time of each frame, auxGeoCompTime, and a sequence of frames in the
nominal format aligned with the decoded atlas composition time, GeoAuxFramesNF.

B.2.5 Attribute nominal format conversion

This process converts the decoded attribute frames DecAttrFrames to the nominal format.
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The processes described below are invoked for decoded attribute frames associated with the same
attribute index, identified by variable attrldx, which is set equal to vuh_attribute_index or determined
through external means if the V3C unit header is unavailable.

Let the variables, attrMultipleMapsPresentFlag, attrMapCount, attrMSBAlignFlag, attrDim, and
attrNumPart be set as follows:

attrMultipleMapsPresentFlag = vps_multiple_map_streams_present_flag[ ConvAtlasiD ]
attrMapCount = vps_map_count_minus1[ ConvAtlasID | + 1

attrMSBAlignFlag = ai_attribute_MSB_align_flag[ ConvAtlasID ][ attrldx ]

attrDim = ai_ attrlbute dlmensmn mlnusl[ConvAtlasID][attrIdx] +

Let the 1D array attrPartChannelsMinusl, of size attrNumPart, be set as follows:

for( c = 0; c < attrNumPart; c++) {
attrPartChannelsMinusl1|[ c] =
ai_attribute_partition_channels_minus1[ ConvAtlasID ][ attridxd{< ]

Let the 1D array attrMapAbsCodingFlag, of size attrMapCount, be set asfollows:

for( c = 0; c < attrMapCount; c++ ) {
attrMapAbsCodingFlag[ c] =
AttributeMapAbsoluteCodingEnabledFlag[ ConyAtlasID ][ attrldx ][ c ]

Outpfit of this process is:

the 7D array AttrAuxFramesNF, the decoded attribute frames in the nominal format, where the
dimensions correspond to the attributednidex, the attribute partition index, the mdp index, the
decoded attribute video frame index, the'component index, the row index and the c¢lumn index,
respectively.

NOTH The order of processes or yayiations of the processes described in this annex is a sulggestion. The
mapsfare first separated and then converted. The conversion can happen before the map separatipn, right after
decoding.

vert the decoded attribute video to the nominal format, several processing steps mdy need to be

o convert the ‘bit depth of the attribute frame to the required nominal bit depth resolution,

frameindex;frameldx,and each componentindex, compldx, with variables DecAttrBitDejpth[ attridx]
partldx-[ mapldx ][ frameldx ], DecAttrHeight[ attrldx ][ partldx ][ mapldx ][ frameldx ],
ecAttrWidth[ attrldx ][ partldx ][ mapldx ][ frameldx ], AttrBitDepthNF[ at{rldx ], and
trMSBAhgnFlag, and array DecAttrFrames| attrldx ][ partldx ][ mapldx ][ frameldx|][ compldx ]
1 bit depth,

Q

deCAttrFramesNBD[ attrldx ][ partldx ][ mapldx ][ frameldx ][ compldx ].

— To convert the chroma format of the attribute frame with attributes type DecAttrType[ attrldx ]
equal to ATTR_TEXTURE, to the required nominal chroma format, subclause B.3.6 is invoked for
each attribute partition index, partldx, each map index, mapldx, and each frame index, frameldx,
with variables DecAttrHeight[ attrldx ][ partldx ][ mapldx ][ frameldx ], DecAttrWidth|[ attrldx |
[ partldx ][ mapldx ][ frameldx ], AttrBitDepthNF[ attrldx ], DecAttrChromaFormat[ attrldx ]
[ partldx ][ mapldx ][ frameldx ], and DecAttrChromaSamplingPosition[ attrldx ][ partldx ]
[ mapldx ][ frameldx |, and array decAttrFramesNBD] attrldx ][ partldx ][ mapldx ][ frameldx ]
as inputs. The output of this process is the decoded attribute frame with a 4:4:4 colour format,
decAttrFramesNCF[ attrldx ][ mapldx ][ frameldx ]
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To convert the frame resolution of the attribute frame to the required nominal frame resolution,
subclause B.3.3 is invoked for each attribute partition index, partldx, each map index, mapldx, each
frame index frameldx, and each component index, compldx, with variables DecAttrHeight[ attrldx ]
[ partldx ][ mapldx ][ frameldx ], DecAttrWidth[ attrldx ][ partldx ][ mapldx ][ frameldx ],
VideoHeightNF, and VideoWidthNF, and array decAttrFramesNCF[ attrldx ][ partldx ][ mapldx ]
[ frameldx ][ compldx | as inputs. Output of this process is the decoded attribute frame with nominal
resolution, decAttrFramesNR[ attrldx ][ partldx ][ mapldx ][ frameldx ][ compldx ].

To extract the maps, subclause B.3.1 is invoked for each attribute partition index, partldx,
with variables attrMultipleMapsPresentFlag, attrMapCount, DecAttrNumComp|[ attrldx ]
[ partldx ], VideoHeightNF, and VideoWidthNF, and arrays NumDecAttrFrames[ attrldx ]
[ partldgtdecAttrFramesNRfattridxtpartidx T BecAttrOutSrdertdxtattridxitpartidx, and
DecAttrCompTime[ attrldx ][ partldx ] as inputs. Qutputs of this process are the number pf fijames
being oytput, rangeOutOrdldx[ attrldx ][ partldx ], the decoded attribute frames ordered according
to the oytput order index, decAttrFramesONF[ attrldx ][ partldx ], a 1D array, framePresent[at{ridx]
[ partldk ], indicating if a frame is present, and a 1D array, decAttrCompTime| attrldx ][ partldx ],
indicatiIg the composition time of each frame ordered according to the output order index.

To aligm the composition times of the decoded attributes and the décoded atlas frames,
subclauge B.3.4.2 is invoked for each attribute partition index, partldx) and each map index,
mapldx,| with variables NumDecAtlasFrames, rangeOutOrdldx[ attrldx’ ][ partldx ][ map|dx ],
DecAttrNumComp[ attrldx ][ partldx ][ mapldx ], VideoHeightNF, and VideoWidthNF, and arrays
DecAtlagOutOrdldx, DecAtlasCompTime, decAttrFramesONF[ attrldx ][ partldx ][ mapldx ],
decAttrCompTimeONF|[ attrldx ][ partldx ][ mapldx ], and framePresent| attrldx ][ partldx ]
[ mapldx ] as inputs. The outputs of this process are ¢he number of frames being output,
rangeCj{xpTimeIdx[ attrldx ], the output composition tinie of each frame, attrCompTime[ attfldx ]
]

[ partldx ][ mapldx ], and a sequence of frames in the neminal format aligned with the decoded atlas
composition time, decAttrFramesANF[ attrldx ][ partldx ][ mapldx ].

Toperfofm dimension packingofattributes, subclause B.3.5.1isinvoked, with variablesattrNumPart,
attrMaplCount, rangeCompTimeldx[ attrldx "], (attrDim-(attrNumPart-1)), VideoHeightNF,
VideoW1dthNF, and attrDim, and arrays decAttrFramesANF[ attrldx ], and attrPartChannelsMjinus1
as input| The output of this process is a sequence of attribute frames with merged partitions fat the
nominall format, AttrFramesNF[ attrldx:}.

To synthesize the maps of-the attribute, subclause B.3.8 is invoked with varjables
attrMultipleMapsPresentFlag, attrMapCount, rangeCompTimeldx| attrldx 1,
AttrBitDepthNF[ attrldx ], ‘attrDim[ attrldx ], VideoHeightNF, and VideoWidthNF, and afrrays
AttrFramesNF] attrldx | and AttributeMapAbsoluteCodingEnabledFlag[ ConvAtlasID ][ attrldix | as
inputs. The output of this process is the updated decoded attribute frame in the nominal format,
AttrFramesNF[ attrldx ], containing synthesized attribute values.

B.2.6 Auxj

This process

liary attribute nominal format conversion

conyerts the decoded auxiliary attribute frames DecAttrAuxFrames to the nominal fofmat.

The processes described below are invoked for decoded auxiliary attribute frames associated with
the same attribute index, identified by variable attrldx, which is set equal to vuh_attribute_index or
determined through external means if the V3C unit header is unavailable.

Let the variable attrMSBAlignFlag, attrDim and attrNumPart be set as follows:

attrMSBAlignFlag = ai_attribute_MSB_align_flag[ ConvAtlasID ][ attrldx ]
attrDim = ai_attribute_dimension_minus1[ ConvAtlasID ][ attrldx ] +1
attrNumPart = ai_attribute_dimension_partitions_minus1[ ConvAtlasID ][ attrldx ] +1

Letthe 1D ar
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ray attrPartChannelsMinus], of size attrNumPart, be set as follows:
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for( c=0; c < attrNumPart; c++ ) {
attrPartChannelsMinus1[ c] =
ai_attribute_partition_channels_minus1[ ConvAtlasID ][ attrldx ][ c ]

}

Output of this process is:

— the 6D array AttrAuxFramesNF, the decoded auxiliary attribute frames in the nominal format,
where the dimensions correspond to the attribute index, the attribute partition index, the decoded
attribute video frame index, the component index, the row index and the column index, respectively.

NOTE 1 _ The output of this process can also be achieved by a different combination of processes or variations
of the|processes described in this annex. The specification and order described in this annex is a;s

|1ggestion.
vert the decoded auxiliary attribute video to the nominal format, several precessing steps may
need to be performed depending on the original format of the decoded video. In patticular

o convert the bit depth of the decoded auxiliary attribute video frames téthe required nominal bit

epth, subclause B.3.2 is invoked for each partition index partldx, each-frame index fi
ach component index compldx, with variables DecAttrAuxBitDepth[attridx ][ partldx
ecAttrAuxHeight[ attrldx ][ partldx ][ frameldx ], DecAttrAuxWidth[ attridx ][ partldx
ttrBitDepthNF[ attrldx |, and attrMSBAlignFlag, and array DecAttrAuxFrames][ attrld
frameldx ][ compldx ] as inputs. The output of this process,isthe decoded auxiliary att
the nominal bit depth, decAttrAuxFrameNBD] attrldx |[\partldx ][ frameldx ][ frame

o convert the chroma format of the auxilidry ™~ attribute frame with att
ecAttrAuxType[ attrldx | equal to ATTR_TEXTURE, to the required nominal chr

ith variables DecAttrAuxHeight[ attrldx ][ partldx ][ frameldx ], DecAttrAuxWid
partldx ][ frameldx ], AttrBitDepthNF[ attrldx ], DecAttrAuxChromaFormat[ attrldj
frameldx ], and DecAttrAuxChromaSamiplingPosition[ attrldx ][ partldx ][ frameldx
ecAttrAuxFrameNBD[ attrldx ][ partldx ][ frameldx ] as inputs. The output of this
ecoded auxiliary attribute frame‘“with 4:4:4 colour format, decAttrAuxFrameN(
mapldx ][ compTimeldx ].

o convert the frame wesolution of the auxiliary attribute to the required nominal fram
sjubclause B.3.3 isginvoked for each partition index, partldx, each frame index, framel
mponent indéx, compldx with variables DecAttrAuxHeight[ attrldx ][ partldx ]]
ecAttrAuxWidth[ attrldx ][ partldx ][ frameldx ], AuxVideoHeightNF, and AuxVi
nd array<decAttrAuxFrameNCF[ attrldx ][ partldx ][ frameldx ][ compldx ] as
utput of this process is the decoded auxiliary attribute frame at the nomina
ecAtttAuxFrameNR][ attrldx ][ partldx ][ frameldx ][ compldx ].

o identify missing frames in the sequence and re-order the input, subclause B.3.4

ameldx, and
[frameldx],
|[ frameldx],
x ][ partldx ]
ribute frame
[dx].

ribute type
oma format,
bx, frameldx,
th[ attrldx |
¢ ][ partldx |
], and array
process is a
F[ attrldx ]

When asps_pixel_deinterleaving_enabled_flag is equal to 1, it is possible that the chroma format
convelrsion process described in-subclause B.3.6 will not work as intended or produce the desired v

isual quality.

e resolution,
idx, and each
frameldx ],
HeoWidthNF,
inputs. The
| resolution,

1 is invoked

for each partition index partldx, with variables NumDecAttrAuxFrames[ attrldx ][ partldx ],
DecAttrAuxNumComp[ attrldx ][ partldx ], AuxVideoWidthNF, and AuxVideoHeightNF,
and arrays decAttrAuxFrameNR, DecAttrAuxOutOrdldx[ attrldx ][ partldx ], and
DecAttrAuxCompTime[ attrldx ][ partldx ] as inputs. The outputs of this process are the number
of frames being output, numOutOrdAttrAuxFrames| attrldx ][ partldx ], the decoded auxiliary
attribute frames ordered according to the output order index, decAttrAuxFrameONF|[ attrldx |
[ partldx ], a 1D array, framePresent[ attrldx ][ partldx ], indicating the presence of a frame, and a
1D array, decAttrAuxCompTimeONF[ attrldx ][ partldx ], indicating the composition times of each
frame ordered according to the output order index.

To align the composition times of the decoded auxiliary attribute and the decoded atlas frames,
subclause B.3.4.2 is invoked for each partition index partldx with variables NumDecAtlasFrames,
numOutOrdAttrAuxFrames|[ attrldx ][ partldx ], AuxVideoHeightNF, and AuxVideoWidthNF,
and arrays DecAtlasOutOrdldx, DecAtlasCompTime, decAttrAuxFrameONF[ attrldx ][ partldx ],
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B.3 Conversion operations

B.3.1 Map Extraction

Inputs to thik process are:

where numlhputFrames is the maximum value of the numFrames array.

Outputs of this process are:

decAttrAuxCompTimeONF] attrldx ][ partldx ], and framePresent[ attrldx ][ partldx ] as inputs.
The outputs of this process are the number of frames being output, rangeCompTimeldx[ attrldx ],
the output composition time of each frame, auxAttrCompTime[ attrldx ][ partldx ], and a
sequence of frames in the nominal format aligned with the decoded atlas composition time,
decAttrAuxFrameANF[ attrldx ][ partldx ].

To perform dimension packing of auxiliary attributes, subclause B.3.5.2 is invoked with variables
attrNumPart, rangeCompTimeldx[ attrldx ], (attrDim-(attrNumPart-1)), VideoHeightNF,
VideoWidthNF, and attrDim, and arrays decAttrAuxFrameANF[ attrldx | and attrPartChannels as
input. The output of this process is a decoded auxiliary attribute frame with merged partitions,
AttrAuxFramesNF[ attrldx ].

a variabje multipleMapStreamsPresentFlag, indicating the presence of multiple streams,

a variabJe mapCount, indicating the number of maps

a variabJe iNumComp, indicating the number of components for.each frame,

a variable iHeight, indicating the height of each frame,

a variabje iWidth, indicating the width of each frame,

a 1D arrpy numFrames, of size mapCount, indicating'the number of input frames,

a 5D arrpy inputFrame of size mapCount x numtaputFrames x iNumComp x iHeight x iWidth,

a 2D arfay iOutputOrderldx, of size map€ount x numlnputFrames, indicating the output prder
index, and

a 2D arrpy iCompTime, of size mapCGaunt x numInputFrames, indicating the composition timg,

a 1D arrpy rangeOrdIdx; of size mapCount, indicating the number of frames of each map,
a 5D arrpy outputSamples, of size mapCount x numOutputFrames x iNumComp x iHeight x iWidth,

a 2D arrpy frlamePresent, of size mapCount x numOutputFrames, indicating the presence of a ffame,

a ZD arra-eutp HlCaoamnTiman f cign pnanC gt nuraOutnutEramne i dicqting +ha compoesition
u_y S tPH SOt pHRe —o—SHe+1ha oottt tHout pHteraHesS s—Hreteatt £te—€0611 PoS

time of each frame,

where numOutputFrames is the maximum value of the array rangeOrdldx.

The map extraction process is performed as follows:

146

for(i=0;i<mapCount;i++)
rangeOrdldx[i] =0
if(mapCount-1==0){

for(f=0; f < numFrames[ 0 ]; f++) {
g =i0utputOrderldx[ 0 ][ f]
for(i=rangeOrdldx[ 0 ];i<g;i++)
framePresent[ 0 ][i]=0
framePresent[ 0 ][g] =1
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rangeOrdldx[ 0] =g+ 1
outputCompTime[ 0 ][ g ] = inputCompTime[ 0 ][ f]
for( c=0; c <iNumComp; c++)
for(y = 0; y <iHeight; y++)
for( x = 0; x < iWidth; x++)
outputSamples[ 0 ][ g][c][v ][ x] =inputSamples[ 0 ][ f][c ][y ][ x]
}
}else{
if( multipleMapStreamsPresentFlag == 0 ) {
for(f=0; f <numFrames[ 0 |; f++ ) {
g = i0utputOrderldx[ 0 ][ f] / ( vps_map_count_minus1[ ConvAtlasID | + 1)
m = 10utputOrderldx[ 0 J[T] % ( vps_map_count_minus1] ConvAtlasID [+l )
for(i=rangeOrdldx[m ];i<g; i++)
framePresent[ m][i]=0
framePresent m[g] =1
rangeOrdldx[m]=g+1
outputCompTime[ m ][ g ] = iCompTime[ 0 ][ f]
for( c=0; c <iNumComp; c++)
for(y = 0; y < iHeight; y++)
for( x = 0; x <iWidth; x++)
outputSamples[m ][ g][c][y][x] =
inputSamples[O][ f][ c ][ yd>]

}
}else{
for( m = 0; m <= vps_map_count_minus1[ CetivAtlasID |; m++) {
for( f=0; f <numFrames[ m ]; f++) {
g = inputOrderldx[ m ][ f]
for(i=rangeOrdldx[ m |; i <"gyi++)
framePresent][ m ][ i.}=<0
framePresent[ m ][ g] =t
rangeOrdldx[ m | = gi+1
outputCompTimefm ][ g] = iCompTime[i][ f]
for( c = 0; c < iNG@mComp; c++ )
for(y = 04y < iHeight; y++)
for(x = 0; x < iWidth; x++)
outputSamples[m ][ g][c][y][x]
inputSamples[ m ][ f

| S—

—
(@]

| —

—

<

| —

—
>

| —

}

B.3.2 Bitdepth conversion

In utiste thic nracnce Nvrn.
puts—tetHSprocessare:

— avariable inputBitDepth, indicating the bit depth of inputSamples,
— avariable inputHeight, indicating the height of inputSamples,

— avariable inputWidth, indicating the width of inputSamples,

— avariable nominalBitDepth, indicating the nominal bit depth,

— avariable alignmentFlag, indicating the MSB alignment, and

— a 2D array inputSamples, of size inputHeight x inputWidth.
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Output of this process is:

— a 2D array outputSamples of size inputWidth x inputHeight.
The variable bitDepthDifference is derived as follows:

— bitDepthDifference = inputBitDepth - nominalBitDepth

Then the array outputSamples is generated in the following manner:

if( ( bitDepthDifference > 0 ) && (alignmentFlag==1)) {
for( y=0; y < inputHeight; y++)
or{ x=0; x < mputWidtl; <+

outputSamples[ y ][ x] = (inputSamples| y ][ x ] >> bitDepthDifference)

}
else if( (|bitDepthDifference > 0) ) {
for(y=0; y < inputHeight; y++)
for( x=0; x < inputWidth; x++)
outputSamples[ y ][ x ] = Min( inputSamples[y ][ x ], (1 << nomina@lBitDepth ) - 1
} else if(JalignmentFlag == 1) {
for(ly=0; y < inputHeight; y++)
For( x=0; x < inputWidth; x++)
outputSamples[ y ][ x] = (inputSamples[ y ][ x ] << (-bitDepthDifference) )
}else{
for(ly=0; y < inputHeight; y++ )
for( x=0; x < inputWidth; x++)
outputSamples[ y ][ x ] = inputSamples[y ][ x)]
}

B.3.3 Res¢lution conversion

Inputs to thik process are:

— avariable inputHeight, indicating the height of inputSamples
— avariable inputWidth, indicating the'width of inputSamples
— avariable nominalHeight, indicating the nominal height, and
— avariable nominalWidth indicating the nominal width,

— a 2D arrpy inputSamples; of size inputHeight x inputWidth.
Output of th{s process-is:

— a 2D arrpy oatputSamples of size nominalHeight x nominalWidth.

The variablesscaleY and scaleX are derived as follows:

scaleY = inputHeight + nominalHeight
scaleX = inputWidth + nominalWidth

Then the array outputSamples is generated as follows:

for( y=0; y < nominalHeight; y++)
for( x=0; x < nominalWidth; x++)
outputSamples[ y ][ x ] = inputSamples[ Floor(y * scaleY ) ][ Floor( x * scaleX) ]

NOTE In the above process pixel replication is used. A more sophisticated resampling process can be used.

For example, the upsampling process using the filters specified in ISO/IEC 23008-2:2020, H.8.1.4.2.2. Other filters
such as Lanczos can also be used.
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B.3.4 Output composition time conversion

B.3.4.1 Output order conversion

Inputs to this process are:

Outpfits of this process are:

This [process copies the input frames to an output structure according to their output
and gssigns to them a composition time. It als@ generates a list identifying any missing
following applies:

a variable numInputFrames, indicating the number of input frames,
a variable iNumComp, indicating the number of components for each frame,

a variable iHeight, indicating the height of each frame,

-5:2021(E)

d variable iWidth, indicating the width of each frame,
d 4D array inputFrames, of size numInputFrames x iNumComp x iHeight x iWidth
a 1D array outOrdldx, of size numInputFrames, indicating the output orderdndex of ead

d 1D array iCompTime, of size numInputFrames, indicating the composition time of ea

d variable rangeOrdldx, indicating the number of output frames,
a 4D array outputFrames, of size rangeOrdIldx x iNumComp~ iHeight x iWidth
d 1D array framePresent, of size rangeOrdldx, indicating the presence of a frame, and

d 1D array outputCompTime, of size rangeOrdldxyindicating the composition time of e

rpngeOrdldx = 0
r( f=0; f < numFrames; f++ ) {
ordldx = outOrdIdx[ 0 ][ £]

=

for(i=rangeOrdldx i< ordldx; i++)
framePresent[i{=0

framePresent|ordldx] =1
outputCompTime[ ordldx ] = iCompTime[ f]
for( c=0;~¢'< iNumComp; c++ ) {
for( y=0; y < iHeight; y++) {
for( x=0; x <iWidth; x++ ) {
outputFrames[ ordldx ][ c ][y ][ x ] = inputFrames[f][c][y ][ x]

h frame, and

th frame.

ach frame.

order index
frames. The

1
J

}

rangeOrdldx = ordldx + 1

}

B.3.4.2 Atlas composition time alignment

Inputs to this process are:

a variable numAtlFrm, indicating the number of atlas frames,

a variable numInFrames, indicating the number of input frames,
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— avariable iNumComp, indicating the number of components for each frame,

— avariable iHeight, indicating the height of each frame,

— avariable iWidth, indicating the width of each frame,

— a 1D array atlasOutOrdldx, of size numAtlFrm, indicating the atlas output order index,
— a 1D array atlasCompTime, of size numAtlFrm, indicating the atlas composition time,

— a4D array inputFrames, of size numInFrames x iNumComp x iHeight x iWidth,

J— AaviComnTimae aofcizo numInEramoc indicatinatho camnacition timoe afoach framaoe 2
a 1D arrpyiCompTime of size numnkrames indicating the composition time of each frameand

— a 1D arrpy framePresent, of size numInFrames, indicating the presence of a frame.

Outputs of this process are:

— avariable rangeCompTimeldx, indicating the number of output frames the number of frames,
— a4D arrpy outputFrames, of size rangeCompTimeldx x iNumComp x iHeight xiWidth,

— a 1D arfray outputCompTime, of size rangeCompTimeldx, indicating the composition tifne of
each frame.

This proces$ copies the input frames to an output structure according to the relationship of|their
composition|time to that of the atlas. It then re-assigns to them the composition time of the atlps. In
particular, the following applies:

rangeCompTimeldx = 0

inputOrdlldx =0

for(i=0;[i < numAtlFrm; i++) {
compTimeldx = atlasOutOrdldx][ i |
compTime = atlasCompTime[ i ]

fourldCompositionTime = 0

while( (inputOrdldx <numInFrames ) && ( foundCompositionTime ==0) ) {
skipFrames =0

while( ((inputOrdldx+'skipFrames + 1) < numInFrames ) &&

( framePresent[4nputOrdldx + skipFrames ] ==0) )

skipFrames zskipFrames + 1

nputOrdldx s.inputOrdldx + skipFrames

f( iCompTime[ inputOrdldx ] == compTime ) {
fould€CompositionTime = 1
savedInputOrdldx = inputOrdldx

b else{

if(iCompTime[ inputOrdidx ] > compTime )
foundCompositionTime = 1

else {
savedInputOrdldx = inputOrdldx
inputOrdldx = inputOrdldx +1

}

for(i=rangeCompTimeldx; i <= compTimeldx; i++ ) {
outputCompTime[ i ] = compTime
for( c=0; c <iNumComp; c++ ) {
for(y=0; y < iHeight; y++ ) {
for( x=0; x <iWidth; x++ ) {
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outputSamples[i][c][y][x]=

ISO/IEC 23090-5:2021(E)

inputSamples[ savedInputOrdldx [[c ][y ][ x ]

rangeCompTimeldx = compTimeldx + 1

Two examples of alignment of the composition times of the decoded video component are presented in

Figur
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Figure B.2 — Example of alignnient of the composition times of the decoded video gomponent
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Figure B.3 — Example of alignment of the composition times of the decoded video component
containing pixel interleaved maps and the decoded atlas frames

© ISO/IEC 2021 - All rights reserved

151


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

B.3.5 Attribute dimension packing

B.3.5.1 Attribute dimension packing process
Inputs to this process are:

— avariable iNumPart, indicating the number of dimension partitions in which an attribute has been
partitioned,

— avariable iNumMaps, indicating the number of maps,

— avariableiNumFErames indirn’ring the number of frames

— avariabJe iNumComp, indicating the number of components for each frame,
— avariable iHeight, indicating the height of each frame,

— avariable iWidth, indicating the width of each frame,

— avariable iAttrDim, indicating the dimensions of the attribute,

— a6D arrqy, iFrames, of size iNumPart x iNumMaps x iNumFrames x iNum€émp x iHeight x iWidth, and

— a 1D arrjay iNumPartChannelsMinus1, of size iNumPart, indicating:the number of channels uged in
each paftition.

Output of this process is:
— a 5D arrpy, oFrames, of size iNumMaps x iNumFrames-x fAttrDim x inputHeight x inputWidth|
The array oHjrames is generated as follows:

outComp =0
for( m =[0; m < iNumMap; m++) {
for(f = 0; f < iNumFrames; f++) {
bCompldx =0
for( p = 0; p <iNumPart; p++)}{
for( c = 0; c < iNumPa¥tChannelsMinus1[p ] + 1; c++ ) {
for( h =0; h < iHeight; h++) {
for(w=0; w < iWidth; w++) {
oFrames[ m ][ f][ oCompldx J[h][w] =
iFrames[ p [[m J[f][c][j][i]
}
}

oCompldx++

}

B.3.5.2 Attribute dimension packing process for an auxiliary attribute

Inputs to this process are:

— avariable iNumPart, indicating the number of dimension partitions in which an attribute has been
partitioned,

— avariable iNumFrames, indicating the number of frames,
— avariable iNumComp, indicating the number of components for each frame,

— avariable iHeight, indicating the height of each frame,
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— avariable iWidth, indicating the width of each frame,

— avariable iAttrDim, indicating the dimensions of the attribute,

-5:2021(E)

— abD array, iFrames, of size iNumPart x iNumFrames x iNumComp x iHeight x iWidth, and

— a 1D array iNumPartChannelsMinus1, of size iNumPart, indicating the number of channels used in
each partition.

Output of this process is:

— a4D array, oFrames, of size iNumFrames x iAttrDim x inputHeight x inputWidth.

The 9

= O

}
B.3.6
This

with
syste|
NOTH
TEXT
other
Input

— d

— 4

rray oFrames is generated as follows:

utComp = 0
br( f=0; f <iNumFrames; f++) {
oCompldx =0
for( p =0; p <iNumPart; p++) {
for( ¢ = 0; c <iNumPartChannelsMinus1[p ] + 1; c++ ) {
for( h =0; h <iHeight; h++) {
for(w = 0; w < iWidth; w++) {
oFrames[ f ][ oCompldx ][h][w] =
} iFrames[p |[f][c][j][1]

oCompldx++

}

Chroma up-sampling

brocess can be invoked when anattribute with identifier ATTR_TEXTURE has three
a chroma format indicated by:decAttrChromaFormat other than 4:4:4, and the re
Im has selected to perform chroma format conversion to a 4:4:4 chroma format.

1  This process can alse’be invoked for an individual partition of an attribute with ide
URE when that partitien has three components with a chroma format indicated by decAttrC
than 4:4:4.

s to this processare:

variable-ihputHeight, indicating the height of inputChromaSamples,

variable inputWidth, indicating the width of inputChromaSamples,

components
ronstruction

ntifier ATTR_
hromaFormat

— a

— a

— a

variable nnmina]Rifnnpfh, indirah'ng the chromabit dnpfh’

variable chromaFormat,
variable chromaSamplingPosition, and

3D array inputChromaSamples, of size iNumComp x inputHeight x inputWidth.

Output of this process is:

— a 3D array outputChromaSamples, of size iNumComp x inputHeight x inputWidth, of up-sampled

C

hroma values.

Assuming that the chromaFormat indicates the 4:2:0 chroma format and the chromaSamplingPosition
is equal to 0, an example chroma conversion process is specified as follows:

© ISO/IEC 2021 - All rights reserved

153


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

Table B.1 specifies the 4-tap filter coefficients f.[ p, x ] with p = 0..1 and x = 0..3 that is used for

up-sampling by a factor of 2. The same filter is applied both vertically and horizontally.

NOTE 2

T

Table B.1 — 4-phase chroma resampling filter

Interpolation coefficients

Phase p
fIp,0] | fIp, 1] | f[p, 2] | f[p,3]
0 16 0 0
-1 9 9 -1

isisessentiallyz 2 "l anczas 2" filter Higher-nrecision-and hicher-order filters could notentia
J O r

lly be

used, especia
The chroma

shift =8

offset =

for(c=1
for(

}

NOTE3 In
reconstructio

ly when up-sampling content of very high quality or with no compression.

values are up-sampled as follows:

| << (shift-1)
;c<3;c++){
y = 0; y < inputHeight ; y++ ) {
yRef = (y>>1)
yPhase =y % 2
for( x = 0; x < inputWidth ; x++ ) {
xRef=(x>>1)
xPhase =x % 2
usChromaSample = 0
for(n=0;n<4;n++) {
yPos = Clip3( 0, (inputHeight >> 2 ) -y yRef + n-1)
temp =0
for(m=0; m < 4; m++) {
xPos = Clip3( 0, (inputWidth>>2)-1,xRef+ m-1)
temp += fC[ xPhase, m [*inputChromaSample] c ][ yPos ][ xPos ]

usChromaSample += f¢[yPhase, 0 ] * temp
usChromaSample = (us€hromaSample + offset ) >> shift

outputChromaSample[c][y ][ x] =
Clip3( 0, ( 1 %< nominalBitDepth ) - 1, usChromaSample )

tead of (clipping the chroma output to the nominal bit depth for the attribute, a point
n systém*can choose to store the attribute in 4:4:4 chroma format at a higher bit depth.

cloud

For other ch

rema formats or chroma sampling positions different processes could be used th3

It are

outside the scope of this document.

B.3.7 Geometry map synthesis process

Inputs to this process are:

— avariable multipleMapStreamsPresentFlag, indicating the presence of multiple streams,

— avariable mapCount, indicating the number of maps

— avariable numInputFrames, indicating the number of input frames,

— avariable iBitDepth, indicating the decoded geometry frames bit depth,

— avariable iNumComp, indicating the number of components for each frame,
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a variable iHeight, indicating the height of each frame,

a variable iWidth, indicating the width of each frame,

a 5D array iFrames of size mapCount x numInputFrames x iNumComp x iHeight x iWidth, and

a 1D array mapAbsoluteCodingFlag, of size mapCount.

Output of this process is:

— a5D array oFrames, of size mapCount x numInputFrames x iNumComp x iHeight x iWidth.

The g

fi

}

r( f=0; f < numlnputFrames; f++) {
if( multipleMapStreamsPresentFlag == 0 ) {
for(i=0;i<mapCount;i++) {
for(c=0; c <iNumComp ; y++ ) {
for(y = 0; y <iHeight; y++){
for(x = 0; x <iWidth ; x++) {
oFrames[i][f][c][y][x]=iFrames[i][f]fc][y ][x]
}

}
}else{
geoMaxValue = ( 1 << iBitDepth ) -1
for(i=0;i<mapCount; i++) {
if( mapAbsoluteCodingFlag[ i] == 0J{
j = MapPredictorIndex[ i ]
for( c = 0; c < iNumComp\y++ ) {
for(y =0; y < iHeight;; y++ ) {
for(x = 0; x €iWidth ; x++ ) {
oFrames[i][f][c][y][x]=
€lip3( 0, geoMaxValue, iFrames[i][f][c][y ][ x]+
oFrames[j][f][c][y]lx])

}
}else{
for( c=0; c <iNumComp ; y++) {
for(y = 0; y <iHeight; y++) {
for(x=0; x <iWidth ; x++) {
oFrames[i][f][0][y][x]=iFrames[i][f][O0][y][x]
}

B.3.8 Attribute map synthesis process

Inputs to this process are:

— avariable multipleMapStreamsPresentFlag, indicating the presence of multiple streams,

— avariable mapCount, indicating the number of maps

© ISO/IEC 2021 - All rights reserved
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— avariable numInputFrames, indicating the number of input frames,

— avariable iBitDepth, indicating the decoded geometry frames bit depth,

— avariable iNumComp, indicating the number of components for each frame,
— avariable iHeight, indicating the height of each frame,

— avariable iWidth, indicating the width of each frame,

— ab5D array iFrames of size mapCount x numInputFrames x iNumComp x iHeight x iWidth, and

— alb arrrmaﬂbsd&@@ed&ag—ﬂag,—d—s@;naaﬁml.—
Outputs of this process are:

— a 5D arrpy oFrames, of size mapCount x numInputFrames x iNumComp x iHeight x iWidth.
The attributg video map synthesis process is performed as follows:

for( f=(; f < numInputFrames; f++) {
if( multipleMapStreamsPresentFlag == 0 ) {
for( m = 0; m < mapCount; m++ ) {
for(c=0; c<iNumComp ; c++ ) {
for(y = 0;y <iHeight; y++){
for(x = 0; x <iWidth ; x++ ) {
oFrames[m [ f][c][y ][x ] =iFrames[ m [ f][c][y ][ x]
}

}else {
httrMaxValue = ( 1 << iBitDepth ) - 1
httrOffset = 1 << (iBitDepth - 1)
for(i=0;1i<mapCount; i++){
if( mapAbsoluteCodingFlag{i]==0) {
j = MapPredictorlndex|[i ]
for( c = 0; c < iNupmComp; c++)
for(y = 0; 'y <iHeight; y++)
forfx'= 0; x <iWidth ; x++)
oFrames[i][f][c][y][x]=
Clip3( 0, attrMaxValue, - attrOffset +
iFrames[i][f][c][y][x]+
oFrames[j][f][c]ly][x])
}-else {

for( c=0; c <iNumComp; c++ ) {
for(y=0;yv<iHeight;y++){
for(x=0; x <iWidth ; x++) {
oFrames[i][f][c][y][x]=iFrames[i][f][c][y ][ x]
}
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B.3.9 Occupancy thresholding process

Inputs to this process are:

a variable inputThreshold, indicating the threshold value,

a variable inputBitDepth, indicating the bit depth of inputSamples,

a variable inputHeight, indicating the height of inputSamples,

a variable inputWidth, indicating the width of inputSamples, and

2N
=3 4

ISO/IEC 23090-5:2021(E)

3 £C ] £ a3 3 £llaials 3 £\AL: a1
dl 1a_y llllJblLsJCllll}]lCD, Ul SIZLT lllyuLllClsllL 1upuva IULII.

Outptit of this process is:

d 2D array outputSamples, of size inputHeight x inputWidth.

The dccupancy thresholding process is performed as follows:

[a—

ossyThreshold = inputThreshold << ( inputBitDepth - 8)

for( y=0; y < inputHeight; y++ )

for( x=0; x < inputWidth; x++)
if(inputSamples[ y ][ x ] <=1ossyThreshold )
outputSamples[y][x]=0
else
outputSamples[y J[x]=1
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Annex C
(normative)

V3C sample stream format

C.1 General

This annex gpecifies syntax and semantics of a sample stream format specified for use by applicgtions
that deliver fome or all of the V3C unit stream as an ordered stream of bytes or bits within.whidh the
locations of V3C unit boundaries need to be identifiable from patterns in the data, such as/Rec. [TU-T
H.222.0 | ISQ/IEC 13818-1 systems or Recommendation ITU-T H.320 systems. For bit-eriented deljvery,
the bit order{for the sample stream format is specified to start with the MSB of the fir'stbyte, procged to
the LSB of the first byte, followed by the MSB of the second byte, etc.

The sample stream format starts with a sample stream header and consist§_of a sequence of sgmple
stream V3C|unit syntax structures. Each sample stream V3C unit syntax structure containy one
element, named ssvu_v3c_unit_size, that specifies a size, followed by on€ v8c_unit( ssvu_v3c_unit _|size )
syntax strudture. This v3c_unit is essentially of size ssvu_v3c_unit:size. The number of bits uded to
encode the element ssvu_v3c_unit_size is specified in the sample stream header.

C.2 Sample stream V3C unit syntax and semantics

C.2.1 Sample stream V3C header syntax

sample_strdam_v3c_header( ) { Descriptor
ssvh_unit_size_precision_bytes_minusl u(3]
ssvh_r¢served_zero_5bits u(5]

}

C.2.2 Sample stream V3C unit.syntax

sample_strdam_v3c_unit( ){ Descriptor

ssvu_v3c_unit_size u(v}

v3c_unif(ssvu_v3¢iunit_size )

}

C.2.3 Sa pln stream V3C header semantics

The sample stream V3C header shall always be at the beginning of the sample stream V3C stream.

ssvh_unit_size_precision_bytes_minus1 plus 1 specifies the precision, in bytes, of the ssvu_v3c_unit_
size element in all sample stream V3C units. ssvh_unit_size_precision_bytes_minus1 shall be in the
range of 0 to 7.

ssvh_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this edition of this
document. Other values for sshv_reserved_zero_5bits are reserved for future use by ISO/IEC. Decoders
shall ignore the value of sshv_reserved_zero_5bits.
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C.2.4 Sample stream V3C unit semantics

The order of sample stream V3C units in the sample stream shall follow the decoding order of the V3C
units contained in the sample stream V3C units (see subclause 8.4.2.5.3).

ssvu_v3c_unit_size specifies the size, in bytes, of the subsequent v3c_unit. The number of bits used to
represent ssvu_v3c_unit_size is equal to ( ssvh_unit_size_precision_bytes_minusl + 1) * 8.
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Annex D
(normative)

NAL sample stream format

D.1 General

This annex gpecifies syntax and semantics of a sample stream format specified for use by applicgtions

that deliver $ome or all of the atlas NAL unit stream as an ordered stream of bytes or bits within ywhich

the locationg of atlas NAL unit boundaries need to be identifiable from patterns in the data, stch af Rec.

ITU-T H.222]0 | ISO/IEC 13818-1 systems or Recommendation ITU-T H.320 systems¢cFor bit-oriented

delivery, the|bit order for the sample stream format is specified to start with the MSB)of the first|byte,

proceed to the LSB of the first byte, followed by the MSB of the second byte, etc.

The sample stream format starts with a sample stream header and consist§_of a sequence of sgmple

stream NAL unit syntax structures. Each sample stream NAL unit syntax structure containf one

element, narhed ssnu_nal_unit_size, that specifies a size, followed by oné nal_unit( ssnu_nal_unit fsize )

syntax strudture. This nal_unit is essentially of size ssnu_nal_unit_size. The number of bits used to

encode the element ssnu_nal_unit_size is specified in the sample stream header.

D.2 Sample stream NAL unit syntax and semantics

D.2.1 Sample stream NAL header syntax

sample_strdam_nal_header( ) { Descriptor
ssnh_unit_size_precision_bytes_minus1 u(3]
ssnh_r¢served_zero_5bits u(5]

}

D.2.2 Sample stream NAL unit syntax

sample_strdam_nal_unit( ) Descriptor
ssnu_nal_unit_size u(v}
nal_unif(ssnu_nakunit_size )

}

D.2.3 Sa pln stream NAL header semantics

The sample stream NAL header shall always be at the beginning of the NAL stream.

ssnh_unit_size_precision_bytes_minus1 plus 1 specifies the precision, in bytes, of the ssnu_nal_unit_
size element in all sample stream NAL units. ssnh_unit_size_precision_bytes_minus1 shall be in the

range of 0 to

7.

ssnh_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this edition of this
document. Other values for ssnh_reserved_zero_5bits are reserved for future use by ISO/IEC. Decoders
shall ignore the value of ssnh_reserved_zero_5bits.
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D.2.4 Sample stream NAL unit semantics

The order of sample stream NAL units in the sample stream shall follow the decoding order of the NAL
units contained in the sample stream NAL units (see subclause 8.4.5.3). The content of each sample
stream NAL unit is associated with the same coded atlas access unit as the NAL unit contained in the
sample stream NAL unit (see subclause 8.4.5.3).

ssnu_nal_unit_size specifies the size, in bytes, of the subsequent NAL_unit. The number of bits used to
represent ssnu_nal_unit_size is equal to ( ssnh_unit_size_precision_bytes_minusl + 1) * 8.
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Annex E
(normative)

Atlas hypothetical reference decoder

E.1 General

This annex specifies the hypothetical reference decoder (HRD) and its use to check atlas sub-bitstream
and decoder|conformance. In this section, a bitstream refers to an atlas sub-bitstream unless.otherwise
indicated.

Two types ¢f bitstreams or bitstream subsets are subject to HRD conformanceCehecking for this
document. The first type, called a Type I bitstream, is a NAL unit stream containing-the ACL NAL[units
and non-ACI} NAL units with nal_unit_type equal to NAL_FD (filler data NAL uhits) for all coded|atlas
access unitsfin the atlas sub-bitstream. The second type, called a Type Il bitstream, is a NAL unit stream
contains, in pddition to the ACL NAL units and and filler data NAL units forall coded atlas access|units
in the atlas qub-bitstream, at least one of the following:

— additional non-ACL NAL units other than filler data NAL units,
— the sample stream nal header structure syntax elements, ssith_unit_size_precision_bytes_mifus1

and ssnh_reserved_zero_5bits, and all ssnu_nal_unit_sizé\syntax elements that form a NAL sample
stream from| the NAL unit stream (as specified in AnnexD):

Figure E.1 shows the types of bitstream conformaneg.points checked by the atlas sub-bitstream HRD.

ACL NAL Units Non-ACL NAL Units
Filler data other than
NAL Units filler data NAL Units
v \4
Type Il HRD
Type | HRD conformance point
conformance point when using sample
stream format

Figure E.1 — Structure of atlas NAL unit streams for HRD conformance checks

The syntax elements of non-ACL NAL units and their default values, when applicable, required for the
HRD, are specified in Clause 8, Annex F and Annex G.

Two types of HRD parameter sets (NAL HRD parameters and non-ACL HRD parameters) are used. The
HRD parameter sets are signalled through the hrd_parameters( ) syntax structure, which is part of the
VUI syntax structure specified in Annex G and the buffering period SEI message specified in subclauses
F.2.13 and F.3.13. The first set, named as the entireBitstreamTestSet, is to test conformance of the
entire bitstream. The second set, named as ACLTestSet, is to test conformance of the bitstream without
including non-ACL units since they may not impact the decoding process or may be provided through
external means.
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Multiple tests may be needed for checking the conformance of an atlas sub-bitstream,
AtlasBitstreamToDecode, which is referred to as the bitstream under test. For each test, the following
steps apply in the order listed:

a)

d)

f)

g)

© ISO/IEC 2021 - All rights reserved

An operation point under test, denoted as TargetOp, is set by selecting a target highest TemporallD
value OpTid. The value of OpTid is in the range of 0 to bp_max_sub_layers_minus1, inclusive. The
value of OpTid is such that the sub-bitstream BitstreamToDecode satisfy both of the following

conditions:

1) There is atleast one ACL NAL unit in BitstreamToDecode with nal_layer_id equal to 0.

There is at least one ACL NAL unit with Temporalld equal to OpTid in BitstreamTo

he value of Htid is set equal to opTid of TargetOp.

ternal means not specified in this document) that applies to TargetOp is selected.

ithin the selected hrd_parameters( ) syntax structure, if AtlasBitstreamToDecods¢
itstream, the hrd_sub_layer_parameters( 1, Htid ) syntax structure that immediatel
ndition "if( hrd_acl_parameters_present_flag )" is selected and\the variable NalHrq
set equal to 0.

therwise (AtlasBitstreamToDecode is a Type Il bitstréam), when using the ACI
ariable NalHrdModeFlag is first set to 0. Then theXparameters corresponding
sjub_layer_parameters( 1, Htid ) syntax structure ‘that immediately follows tH
f( hrd_acl_parameters_present_flag )" are selécted and used. Otherwise, whe
tireBitstreamTestSet, the variable NalHrdModeFlag is set equal to 1 and the
rresponding to the hrd_sub_layer_parameters( 0, Htid ) syntax structure that
fbllows the condition "if( hrd_nal_parameters: present_flag )" are selected and used.

hen AtlasBitstreamToDecode is a Type Il bitstream and NalHrdModeFlag is eq
on-ACL NAL units except filler data;NAL units and all the syntax elements that fo
skream from the NAL unit stream, as specified in Annex D, when present, are dis
tlasBitstreamToDecode and thé remaining atlas bitstream is assigned to AtlasBitstre3

coded atlas access unit associated with a buffering period SEI message,
tlasBitstreamToDecode.dr available through external means not specified in thi
plicable to TargetOp, is selected as the HRD initialization point and referred to as th
ccess unit 0.

or each coded.atlas access unit in AtlasBitstreamToDecode starting from coded
nit 0, thesbuffering period SEI message and the atlas frame timing SEI message
tlasBitstreamToDecode or available through external means not specified in this do
re associated with the coded atlas access unit and applies to TargetOp, are selected.

valte of SchedSelldx is selected. The selected value of SchedSelldx shall be in the 1

Decode.

he hrd_parameters( ) syntax structure in the VUI of the active ASPS (or provided through some

e is a Type |
7 follows the
ModeFlag is

TestSet, the
to the hrd_
e condition
h using the
parameters
immediately

nal to 0, all
rm a sample
rarded from
mToDecode.

present in
s document,
b coded atlas

atlas access
, present in
cument, that

range of 0 to

hrd_cab_cnt_minus1[ Htid |, inclusive, where hrd_cab_cnt_minus1| Htid | is found in the buffering
period SEI syntax structure, as specified in F.2.13.

When the coded atlas frame in access unit 0 has nal_unit_type equal to NAL_CRA, NAL_GCRA, NAL_
BLA_W_LP, or NAL_GBLA_W_LP, and bp_irap_cab_params_present_flag in the selected buffering
period SEI message is equal to 1, either of the following applies for the selection of the initial CAB
removal delay and delay offset:

1) If NalHrdModeFlag is equal to 1, the default initial CAB removal delay and the delay offset
represented by bp_nal_initial_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_nal_initial_cab_
removal_offset| Htid ][ SchedSelldx ], respectively, in the selected buffering period SEI message
are selected. Otherwise, the default initial CAB removal delay and delay offset represented
by bp_acl_initial_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_acl_initial_cab_removal_
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offset[ Htid ][ SchedSelldx ], respectively, in the selected buffering period SEI message are
selected. The variable DefaultlnitCabParamsFlag is set equal to 1.

2) If NalHrdModeFlag is equal to 1, the alternative initial CAB removal delay and delay offset
represented by bp_nal_initial_alt_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_nal_initial_
alt_cab_removal_offset[ Htid ][ SchedSelldx ], respectively, in the selected buffering period SEI
message are selected. Otherwise, the alternative initial CAB removal delay and delay offset
represented by bp_acl_initial_alt_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_acl_initial _
alt_cab_removal_offset[ Htid ][ SchedSelldx ], respectively, in the selected buffering period SEI
message are selected. The variable DefaultlnitCabParamsFlag is set equal to 0, and the RASL
coded atlas access units associated with the coded atlas access unit 0 are discarded from
AtlasB1 frri i i i ' code.

Each conforinance test consists of a combination of one option in each of the above steps. When [there
is more tham one option for a step, for any conformance test, only one option is chosen. Al pogsible
combinationfs of all the steps form the entire set of conformance tests. For each operatign point {inder
test, the number of bitstream conformance tests to be performed is equal to n0 * n1 *((n2 * 2 + n3 | * n4,
where the v3lues of n0, n1, n2, n3 and n4 are specified as follows:

— n0 is defrived as follows:

— If AtlasBitstreamToDecode is a Type I bitstream, n0 is equal to 1«

— Otherwise (AtlasBitstreamToDecode is a Type Il bitstream), nQ-is equal to 2.
— nlisequial to hrd_cab_cnt_minus1[ Htid ] + 1.

— n2isthgnumber of coded atlas access units in AtlasBitstreamToDecode that each is associated with

a buffer|ng period SEI message applicable to TargetQprand for each of which both of the follgwing
conditiopns are true:

— nal_Junit_type is equal to NAL_CRA, NAL_.BEA_W_LP, NAL_GCRA, or NAL_GBLA_W_LP faqr the
ACL|NAL units.

— Thelassociated buffering period SEI"'message applicable to TargetOp has bp_irap_cab_pattams_
pregent_flag equal to 1.

— n3 is the number of coded atlds access units in AtlasBitstreamToDecode that each is assodiated

with a bpffering period SEI message applicable to TargetOp and for each of which one or both pf the
followinjg conditions are triie:

— nal_Junit_type is notequal to NAL_CRA, NAL_BLA_W_LP, NAL_GCRA, or NAL_GBLA_W_LP, pr for
the ACL NAL units.

— Thelassocjated buffering period SEI message applicable to TargetOp has bp_irap_cab_pafams_
pregent(flag equal to 0.

— n4is eqialtet-

NOTE1 nO corresponds to conformance tests for Type I bitstream conformance and Type II bitstream
conformance. nl corresponds to conformance tests for each CAB delivery schedule. n2 corresponds to
conformance tests for bitstreams starting at each CRA coded atlas frames with associated RASL coded atlas
frames and alternative initial CAB removal delay and delay offset present. These test are carried twice: once for
bitstream keeping and once for bitstreams removing RASL coded atlas associated with the CRA. n3 corresponds
to conformance tests for bitstreams starting at each IRAP coded atlas that is not a CRA with associated RASL
coded atlas frames and alternative initial CAB removal delay and delay offset present. n4 corresponds to
conformance tests for access unit based conformance.

When AtlasBitstreamToDecode is a Type II patch bitstream, the following applies:

— Ifthe hrd_sub_layer_parameters( 1, Htid ) syntax structure that immediately follows the condition
"if(hrd_acl_parameters_present_flag )" is selected, the test is conducted at the Type I conformance
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point shown in Figure E.1, and only ACL and filler data NAL units are counted for the input bit rate

a

nd CAB storage.

Otherwise (the hrd_sub_layer_parameters( 0, Htid ) syntax structure that immediately follows the

condition "if( hrd_nal_parameters_present_flag )" is selected), the test is conducted at the Type II
conformance point shown in Figure E.1, and all bytes of the Type Il bitstream, which is a NAL unit
stream, are counted for the input bit rate and CAB storage.

NOTE

2

NAL HRD parameters established by a value of SchedSelldx for the Type Il conformance point shown in

Figure E.1 are sufficient to also establish ACL HRD conformance for the Type I conformance point shown in
Figure E.1 for the same values of InitCabRemovalDelay|[ Htid ][ SchedSelldx ], BitRate[ !NalHrdModeFlag ]
[ Htid ]| SchedSelldx ] and CabSize[ !NalHrdModeFlag ][ Htid ][ SchedSelldx ] for the variable bit rate (VBR) case

(hrd_
confo
the CJ
arrivg
specif

All A
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bitsti

In An

Cbr_flag[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] equal to 0). This is because the data flow i
'mance point is a subset of the data flow into the Type Il conformance point and because, for
\B is allowed to become empty and stay empty until the time a next atlas frame is gchedul
. For example, when decoding a CAS that is associated with a CVS conforming to one-0r“more
ied in Annex A using the decoding process specified in subclause 9.2.
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Decoded
atlas buffer
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A\ 4

Normative output
window

Output atlas data

Figure E.2 — Atlas frame HRD buffer model

For each atlgs bitstream conformance test, the CAB size (number of bits) is CabSize[ INalHrdModeFlag ]
[ Htid ][ Sch¢dSelldx | asspecified in subclause G.3.3, where SchedSelldx and the HRD parameteys are
specified in |this subeldause. The DAB size (number of atlas frames storage buffers) is asps_max| dec_
atlas_frame |buffering’ minus1 + 1.

The followir1g ig’specified for expressing the constraints in this annex:

— Each coded atlas access unitis referred to as coded atlas access unit n, where the number n identifies
the particular coded atlas access unit. Coded atlas access unit 0 is selected per step 4 as defined in
this subclause. The value of n is incremented by 1 for each subsequent coded atlas access unit in
decoding order.

— Atlas frame n refers to the coded atlas frame or the decoded atlas frame of coded atlas access unit n.
The HRD operates as follows:

— The HRD is initialized at decoding unit 0, with both the CAB and the DAB being set to be empty (the
DAB fullness is set equal to 0).

NOTES5  After initialization, the HRD is not initialized again by subsequent buffering period SEI messages.
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Data associated with decoding units that flow into the CAB according to a specified arrival schedule
are delivered by the hypothetical stream scheduler (HSS).

The data associated with each decoding unit are removed and decoded instantaneously by the
instantaneous decoding process at the CAB removal time of the decoding unit.

Each decoded atlas frame is placed in the DAB.

A decoded atlas frame is removed from the DAB when it becomes no longer needed for inter
prediction reference and no longer needed for output.

For each bitstream conformance test, the operation of the CAB is specified in Clause E.2, the
instahtaneous decoder operation is specified in Clauses 2 through 14, and the operation ¢f the DAB is
specified in Clause E.3.

HSS and HRD information concerning the number of enumerated delivery schedules:and thejir associated

bit
by t
deco
using
timi
deco

The 1
to ch

decodlers as specified in Clause E.5.

NOTE
to gen
each

r%es and buffer sizes is specified in subclauses G.2.2 and G.3.2. The HRD is-initialized
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8 is specified
hd E.3.14. All
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bck conformance of atlas sub-bitstreams as specified i Clause E.1 and to check cor

6  While conformance is guaranteed under the assumption that all “atlas frame”-rates ar
erate the atlas sub-bitstream match exactly the values signalled in the atlas sub-bitstream, in
f these can vary from the signalled or specified value.

1] time of the

HRD is used
formance of

d clocks used
areal system

All the arithmetic in this annex is performed'with real values, so that no rounding errors can propagate.

For 6
neces

The v
C

xample, the number of bits in a CAB just prior to or after removal of a decodin
sarily an integer.

ariable ClockTick is derived as‘follows and is called a clock tick:

ockTick = vui_num_unitsin_tick + vui_time_scale

b unit is not

(E.1)

E.2 [Operation of coded atlas frame buffer

E.2.1 General

The dpecifications in this subclause apply independently to each set of coded atlas frame puffer (CAB)
par Figure E.1.

ameters that is present and to both the Type I and Type II conformance points shown i
The L&L@A—B—pam%e#s—m—sek»e@edﬂs—speemed%k@mﬁe-EA—r

E.2.2 Timing of decoding unit arrival

The decoding unit is considered as a coded atlas access unit, for derivation of the initial and final CAB
arrival times for coded atlas access unit n.

The variables InitCabRemovalDelay[ Htid ][ SchedSelldx ] and InitCabRemovalDelayOffset] Htid ]
[ SchedSelldx | are derived as follows:

If one or more of the following conditions are true, InitCabRemovalDelay[ Htid ][ SchedSelldx ] and
InitCabRemovalDelayOffset[ Htid ][ SchedSelldx ] are set equal to the values of the buffering period
SEI message syntax elements bp_nal_initial_alt_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_
nal_initial_alt_cab_removal_offset| Htid ][ SchedSelldx ], respectively, when NalHrdModeFlag is
equal to 1 or bp_acl_initial_alt_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_acl_initial_alt_cab_
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removal_offset| Htid ][ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 0, where the
buffering period SEI message syntax elements are selected as specified in Clause E.1:

— Coded atlas access unit 0 is a BLA access unit, for which the coded atlas frame has nal_unit_type
equal to NAL_BLA_W_RADL, NAL_BLA_N_LP, NAL_GBLA_W_RADL, or NAL_GBLA_N_LP and
the value of bp_irap_cab_params_present_flag of the buffering period SEI message is equal to 1.

— Coded atlas access unit 0 is a BLA access unit, for which the coded picture has nal_unit_type
equal to NAL_BLA_W_LP or NAL_GBLA_W_LP, or is a CRA coded atlas access unit, and the value
of bp_irap_cab_params_present_flag of the buffering period SEI message is equal to 1 and one
or more of the following conditions are true:

— |UseAltCabParamsFlag for coded atlas access unit 0 is equal to 1.
— |DefaultInitCabParamsFlag is equal to 0.

Otherwise, InitCabRemovalDelay[ Htid ][ SchedSelldx ] and InitCabRemovalDelayOffset[ Htid ]
[ SchedSelldx ] are set equal to the values of the buffering period SEI message syntax elements bp_
nal_initial_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_nal_initial_cab_reinoval_offset[ Htid ]
[ Sched§elldx ], respectively, when NalHrdModeFlag is equal to 1, or bp.aclzinitial_cab_remnfoval_
delay[ Htid ][ SchedSelldx ] and bp_acl_initial_cab_removal_offset[ Htid |fSehedSelldx ], respectively,
when NglHrdModeFlag is equal to 0, where the buffering period SELmessage syntax elements are
selected|as specified in Clause E.1.

The time at which the first bit of decoding unit m begins to enterthe CAB is referred to as the initial

arrival timefinitArrivalTime[ m ].

The initial afrival time of decoding unit m is derived as follows:

168

If the defoding unit is decoding unit O (i.e., when m is’equal to 0), initArrivalTime[ 0 ] is set equd|l to 0.
Otherwise (the decoding unit is decoding unit mwith m > 0), the following applies:

If hrd_cbr_flag[ NalHrdModeFlag ][ Htid ][:SchedSelldx ] is equal to 1, the initial arrival tinpe for
decoding unit m is equal to the final arrival time (which is derived below) of decoding unitm -1, i.e.,

initArrivalTime[ m | = AuFinalArrivalTime[ m - 1 ] (E.2)
Otherwise (hrd_cbr_flag[ !NalHrdModeFlag ][ Htid ][ SchedSelldx ] is equal to 0), the initial afrival
time for|decoding unit m is\derived as follows:

inftArrivalTime[ m ] =

Max( AuFinalArrivalTime[ m — 1 ], initArrivalEarliestTime[ m ] ) (E.3)

where initAfrivalEarliestTime[ m ] is derived as follows:

Th Ao o N At 1D A Ay I A e Ao ac
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¢
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tmpNominalRemovalTime = AuNominalRemovalTime[ m ] (E.4)
where AuNominalRemovalTime[ m ] is the nominal CAB removal time of coded atlas access unit m
respectively, as specified in subclause E.2.3.

If decoding unit m is not the first decoding unit of a subsequent buffering period,
initArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m ] = tmpNominalRemovalTime -
( InitCabRemovalDelay[ Htid ][ SchedSelldx ] +
InitCabRemovalDelayOffset[ Htid ][ SchedSelldx ] ) + 90000 (E.5)
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initArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m | = tmpNominalRemovalTime -
( InitCabRemovalDelay[ Htid ][ SchedSelldx ] + 90000 )

The final arrival time for decoding unit m is derived as follows:

AuFinalArrivalTime[ m ]

initArrivalTime[ m ] + sizelnBits[ m ] + BitRate[ INalHrdModeFlag ][ Htid ][ Sched

-5:2021(E)

Otherwise (decoding unit m is the first decoding unit of a subsequent buffering period),

(E.6)

Selldx ] (E.7)
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atlas access unit.

e sizelnBits[ m ] is the size in bits of decoding unit m, counting the bits of the ACL'N
ler data NAL units for the Type I conformance point or all bits of the Type II bitstream
formance point, where the Type [ and Type Il conformance points are as shownlin Fig

values of SchedSelldx, BitRate[ INalHrdModeFlag ][ Htid }
ze[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] are constrained as follows:

F the content of the selected hrd_parameters( ) syntax structures fof the coded atla
ontaining decoding unit m and the previous coded atlas accessunit differ, the HSS se
chedSelldx1 of SchedSelldx from among the values of SchedSelldx provided in the 3
arameters( ) syntax structures for the coded atlas access-uhit containing decoding
esults in a BitRate[ INalHrdModeFlag |[ Htid ][ SchedSelldx1'] or CabSize[ INalHrdModée
SchedSelldx1]fortheaccessunitcontainingdecodingunitm.Thevalue of BitRate[NalH1
Htid ][ SchedSelldx1 | or CabSize[ !NalHrdModeElag.][ Htid ][ SchedSelldx1 | may di
alue of BitRate[ INalHrdModeFlag ][ Htid ][ SchedSelldx0 ] or CabSize[ !NalHrdMode
SchedSelldx0 ] for the value SchedSelldx0 of:SchedSelldx that was in use for the pr¢

therwise, the HSS continues to “eperate with the previous values of
itRate[ !'NalHrdModeFlag ][ Htid JfS'SchedSelldx ], and CabSize[ !NalHrdModeFl
SchedSelldx ].

INalHrdModeFlag ][ Htid ][ Scheds
ze[ INalHrdModeFlag |[ Htid/][ SchedSelldx | that differ from those of the previous ac
ving applies:

he variable«€CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] comes into effect as fo

If the.new value of CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] is greater tha
size, it comes into effect at the initial CAB arrival time of the current access unit.

SchedSelldx

|

AL units and
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lects a value
elected hrd_
unit m that
Flag ][ Htid ]
‘dModeFlag]
'fer from the
Flag ][ Htid ]
bvious coded

SchedSelldx,
hg |[ Htid |

belldx ] or
ress unit, the

he variable BitRate[\WalHrdModeFlag ][ Htid ][ SchedSelldx | comes into effect at the initial CAB
drrival time of the.ciirrent coded atlas access unit.

OWS:

the old CAB

- \Otherwise, the new value of CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] com

s into effect

at the CAB removal time of the current access unit.

E.2.3 Timing of decoding unit removal and decoding of decoding unit

The variables InitCabRemovalDelay[ Htid ][ SchedSelldx ], InitCabRemovalDelayOffset[ Htid ]
[ SchedSelldx ], CabDelayOffset, and DabDelayOffset are derived as follows:

If one or more of the following conditions are true, CabDelayOffset is set equal to the value of

the buffering period SEI message syntax element bp_cab_delay_offset, DabDelayOffset is set
equal to the value of the buffering period SEI message syntax element bp_dab_delay_offset, and
InitCabRemovalDelay[ Htid ][ SchedSelldx ] and InitCabRemovalDelayOffset[ Htid ][ SchedSelldx ]
are set equal to the values of the buffering period SEI message syntax elements bp_nal_initial_
alt_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_nal_initial_alt_cab_removal_offset[ Htid ]
[ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 1, or bp_acl_initial_alt_cab_removal_
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delay[ Htid ][ SchedSelldx ] and bp_acl_initial_alt_cab_removal_offset[ Htid ][ SchedSelldx ],
respectively, when NalHrdModeFlagis equal to 0, where the buffering period SEI message containing
the syntax elements is selected as specified in Clause E.1.

— Coded atlas access unit 0 is a BLA access unit for which the coded atlas has nal_unit_type is
equal to NAL_BLA_W_RADL, NAL_BLA_N_LP, NAL_GBLA_W_RADL, or NAL_GBLA_N_LP and
the value of bp_irap_cab_params_present_flag of the buffering period SEI message is equal to 1.

— Coded atlas access unit 0 is a BLA access unit for which the coded atlas access unit has nal_unit_
type equal to NAL_BLA_W_LP or NAL_GBLA_W_LP, or is a CRA coded atlas access unit and the
value of bp_irap_cab_params_present_flag of the buffering period SEI message is equal to 1, and

one ormoreofthe Fn”nuling conditions are true:

— [UseAltCabParamsFlag for coded atlas access unit 0 is equal to 1.
— [DefaultInitCabParamsFlag is equal to 0.

— Otherwise, InitCabRemovalDelay[ Htid ][ SchedSelldx ] and InitCabRemovalDelayOffset| Htid ]
[ SchedSelldx ] are set equal to the values of the buffering period SEI messagé’syntax elements bp_
nal_initial_cab_removal_delay[ Htid ][ SchedSelldx ]| and bp_nal_initial_cab_removal_offset[ Htid ]
[ Sched§elldx ], respectively, when NalHrdModeFlag is equal to 1, or bp-acl_initial_cab_removal_
delay[ Htid ][ SchedSelldx ] and bp_acl_initial_cab_removal_offset[ Htid\|SchedSelldx ], respectively,
when N3lHrdModeFlag is equal to 0, where the buffering period SEI'message containing the syntax
elementg is selected as specified in Clause E.1, and CabDelayOffset.and DabDelayOffset are both set
equal to|0.

The nominal removal time of the coded atlas access unit n from the CAB is specified as follows:

— If coded]|atlas access unit n is the access unit with n egual to 0 (the access unit that initializ¢s the
HRD), tHe nominal removal time of the access unitfrom the CAB is specified by:

AuNominalRemovalTime[ 0 ] = InitCabRemovalDelay[ Htid ][ SchedSelldx ] + 90000 (E.8)

— Otherwise, the following applies:

When coded atlas access unit n is the fitst coded atlas access unit of a buffering period that dogs not
initialize thg HRD, the following applies:

The nominal removal time of the'coded atlas access unit n from the CAB is specified by:

if( !cpncatenationFlag ) {
paseTime = AuNominalRemovalTime][ firstAtlasInPrevBuffPeriod ]
emovalD¢lay = AuCabRemovalDelayVal

Ceil( ( InitCabRemovalDelay[ Htid ][ SchedS'elldx] +90000 + offsetTime )
+ ClockTick ) )

(E.9)

}

AuNominalRemovalTime( n ) = ClockTick * ( removalDelay — CabDelayOffset ) + baseTime

where AuNominalRemovalTime[ firstAtlasinPrevBuffPeriod ] is the nominal
removal time of the first coded atlas access unit of the previous buffering period,
AuNominalRemovalTime[ PrevNonDiscardableAtlasFrame ] is the nominal removal time of the preceding
coded atlas access unit in decoding order with TemporallD equal to 0 that is not a RASL, RADL, or SLNR
atlas frame, AuCabRemovalDelayVal is the value of AuCabRemovalDelayVal derived according to aft_
au_cab_removal_delay minus1[ Htid ] in the atlas frame timing SEI message, selected as specified in
Clause E.1, associated with coded atlas access unit n, and concatenationFlag and auCabRemovalDelayDelta
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are equal to bp_concatenation_flag and ( bp_atlas_cab_removal_delay_delta_minusl + 1 ), respectively,
selected as specified in Clause E.1, and associated with coded atlas access unit n.

After the derivation of the nominal CAB removal time and before the derivation of the DAB output time
of coded atlas access unit n, the values of CabDelayOffset and DabDelayOffset are updated as follows:

— If one or more of the following conditions are true, CabDelayOffset is set equal to the value of the
buffering period SEI message syntax element bp_cab_delay_offset, and DabDelayOffset is set equal
to the value of the buffering period SEI message syntax element bp_dab_delay_offset, where the
buffering period SEI message containing the syntax elements is selected as specified in Clause E.1:

— Coded atlas access unit n is a BLA access unit for which the nal unit type is equal to NAL_
BLA_W_RADL, NAL_GBLA_W_RADL, NAL_BLA_N_LP, or NAL_GBLA_N_LP and the|value of bp_
irap_cab_params_present_flag of the buffering period SEI message is equal tp.1!

—+ Coded atlas access unit n is a BLA access unit for which the nal_unit_type€ is equal to NAL_
BLA_W_LP or NAL_GBLA_W_LP, or is a CRA access unit, and the value©fbp_irap_¢ab_params_
present_flag of the buffering period SEI message is equal to 1, and~UseAltCabParamsFlag for
access unit n is equal to 1.

— Qtherwise, CabDelayOffset and DabDelayOffset are both set equal‘te 0.

— When coded atlas access unit n is not the first coded atlas(adcess unit of a buffering period, the
rominal removal time of the coded atlas access unit n fromthe CAB is specified by:

AuNominalRemovalTime[ n ] =
AuNominalRemovalTime[ firstAtlasInCurrBuffPeriod | +
ClockTick * ( AuCabRemovalDelayVal - CabDelayOffset ) (E.10)

wherg AuNominalRemovalTime[ firstAtlasin€urrBuffPeriod ] is the nominal remoyal time of
the fjrst access unit of the current buffering period, and AuCabRemovalDelayVal is the value of
AuCapRemovalDelayVal derived according'to aft_au_cab_removal_delay_minus1[ Htid ]|in the atlas
timinlg SEI message, selected as specifiedin Clause E.1, and associated with access unit n.

E.3 |Operation of the decoded atlas frame buffer

E.3.1 General

The specifications inthis subclause apply independently to each set of decoded atlas frame puffer (DAB)
parameters selected as specified in Clause E.1.

The IDAB contains atlas frame storage buffers. Each of the atlas frame storage buffers mjay contain a
decodled atlas frame that is marked as "used for reference" or is held for future output. The processes
specified'insubclauses E.3.2 and E.3.3 are sequentially applied.

E.3.2 Removal of atlas frames from the DAB before decoding of the current atlas frame

The removal of atlas frames from the DAB before decoding of the current atlas frame (but after parsing
the tile header of the first tile of the current atlas frame) happens instantaneously at the CAB removal
time of the first decoding unit of coded atlas access unit n (containing the current atlas frame) and
proceeds as follows:

— The reference atlas list (RAFL) construction process, as specified in subclause 9.2.4.3, followed by
the reference atlas frame marking process, as specified in subclause 9.2.4.4, are invoked.
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— When the current atlas frame is an IRAP coded atlas frame with NoOutputBeforeRecoveryFlag
equal to 1 that is not atlas frame 0, the following ordered steps are applied:

— The variable NoOutputOfPriorAtlasFramesFlag is derived for the decoder under test as follows:

— If the current atlas frame is a CRA atlas frame, NoOutputOfPriorAtlasFramesFlag is set
equal to 1 (regardless of the value of ath_no_output_of_prior_atlas_frames_flag).

— Otherwise, if the value of asps_frame_width, asps_frame_height, or asps_max_dec_
atlas_frame_buffering_minusl derived for the current atlas frame is different from
the value of asps_frame_width, asps_frame_height, or asps_max_dec_atlas_frame_
buffering minusl, respectively, derived for the preceding atlas frame in decoding order,
NoOutputOfPriorAtlasFramesFlag may (but should not) be set equal to 1 by the defoder
under test, regardless of the value of ath_no_output_of prior_atlas_frames_flag qf the
current coded atlas access.

NOT[E Although setting NoOutputOfPriorAtlasFramesFlag equal to ath_nooutput_of Jprior_
atlag_frames_flag is preferred under these conditions, it is possible for the deceder under test|to set
NoOutputOfPriorAtlasFramesFlag to 1 in this case.

— [Otherwise, NoOutputOfPriorAtlasFramesFlag is set equal to ath. ho_output_of_prior_gtlas_
frames_flag.

— The valye of NoOutputOfPriorAtlasFramesFlag derived for the de¢oder under test is applied for the
HRD, sufh that when the value of NoOutputOfPriorAtlasFramesFlag is equal to 1, all atlas frame
storage puffers in the DAB are emptied without output of the‘atlas frames they contain, and th¢ DAB
fullnessiis set equal to 0.

— When bgth of the following conditions are true for any.atlas frame k in the DAB, all such atlas frifames
k in the DAB are removed from the DAB:

— atlap frame k is marked as "unused for reference".

— atlap frame k has AtlasFrameOutputFlag’equal to 0 or its DAB output time is less than or pqual
to the CAB removal time of the first.decoding unit (denoted as decoding unit m) of the cyrrent
atlap frame n; i.e., DabOutputTime[k ] is less than or equal to AuCabRemovalTime[ m ].

— For pach atlas frame that is fenioved from the DAB, the DAB fullness is decremented by one.

E.3.3 Atlas frame output

The procességs specified in this subclause happen instantaneously at the CAB removal time of the ¢oded
atlas access hinit n, AuCabRemovalTime[ n ].

When atlas frame_n.has AtlasFrameOutputFlag equal to 1, its DAB output time DabOutputTime| n ]is
derived as fdllows,where the variable firstAtlasFramelnBufferingPeriodFlag is equal to 1 if coded| atlas
access unit 1] iS¢he first access unit of a buffering period and 0 otherwise:

DabOutputTime[ n ] = AuCabRemovalTime[ n ] + ClockTick * atlasFrameDabOutputDelay
if( firstAtlasFramelnBufferingPeriodFlag ) (E.11)
DabOutputTime[ n ] —= ClockTick * DabDelayOffset

where atlasFrameDabOutputDelay is the value of aft_dab_output_delay[ Htid ] in the atlas frame timing
SEI message associated with coded atlas access unit n.
The output of the current atlas is specified as follows:

— Ifthe ath_atlas_output_flagis equal to 1 for at least one atlas tile with tile ID equal to tileID, then the
variable AtlasFrameOQOutputFlagis setto be equal to 1. Otherwise the variable AtlasFrameOutputFlag
is set to be equal to 0.
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— If AtlasFrameOutputFlag is equal to 1 and DabOutputTime[ n ]is equal to AuCabRemovalTime[ n ],
the current atlas frame is output.

— Otherwise, if AtlasFrameOutputFlag is equal to 0, the current atlas frame is not output, but will be
stored in the DAB as specified in subclause E.3.4

— Otherwise (AtlasFrameOutputFlag is equal to 1 and DabOutputTime[ n ]is greater than
AuCabRemovalTime[ n ]), the current atlas frame is output later and will be stored in the DAB (as
specified in subclause E.3.4) and is output at time DabOutputTime[ n Junless indicated not to be
output at a time that precedes DabOutputTime[ n ].

When atlas frame n is an atlas frame that is output and is not the last atlas frame of the bitstream thatis
outpllit, the value of the variable DabOutputinterval[ n ]is derived as follows:

DiabOutputinterval[ n ] =
DabOutputTime[ nextAtlasFramelnOutputOrder | - DabOutputTiméfn’] (E.12)

wherg nextAtlasFramelnOutputOrder is the atlas frame that follows atlasftrame n in output order and
has AtlasFrameOutputFlag equal to 1.

E.3.4 Current decoded atlas frame marking and storage

The durrent decoded atlas frame is stored in the DAB in an empty atlas frame storage byffer, and the
DAB fullness is incremented by one. When asps_long_term_ref, atlas_frames_flag is equal tp 1, this atlas
frame is marked as "used for long-term reference". Aftet all the tiles of the current atlag frame have
been|decoded, this atlas frame is marked as "used for short-term reference".

NOTH Unless more memory than required by the level limit is available for storage of decoded atlas frames,
it is ekpected that decoders start storing decoded parts of the current atlas frames into the DAB yhen the first
tile is|[decoded and continue storing more decoded-samples as the decoding process proceeds.

E.3.§ Removal of atlas frames from-the DAB after decoding of the current atlas frame

Immediately after decoding of the cufrent atlas frame, at the CAB removal time of the coded atlas access
unit i (containing the current atlds frame), the current decoded atlas frame is removed frjom the DAB,
and the DAB fullness is decremented by one.

E.4 |Bitstream conformance

A bitgtream of coded“data conforming to this document shall fulfil all requirements spetified in this
subclpuse.

The Qitstreanishall be constructed according to the syntax, semantics, and constraints specified in this
document outside this annex.

The firstcodedatlasaccessunitinabitstreamshattbean i RAPcodedatlas frame;+<ean IDR atlas
frame, a CRA atlas frame, or a BLA atlas frame.

The atlas sub-bitstream is tested by the HRD for conformance as specified in Clause E.1.

For each current atlas frame, let the variables maxAtlasFrameOrderCnt and minAtlasFrameOrderCnt
be set equal to the maximum and the minimum, respectively, of the AtlasFrmOrderCntVal values of the
following atlas frames:

— The current atlas frame.

— The previous atlas frame in decoding order that has Temporalld equal to 0 and that is not a RASL,
RADL, or SLNR atlas frame

— The short-term reference atlas frames in the reference atlas list (RAFL) of the current atlas frame.
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— All atlas frames n that have AtlasFrameOutputFlag equal to 1, AuCabRemovalTime[ n ] less
than AuCabRemovalTime[ currAtlasFrame ], and DabOutputTime[ n ] greater than or equal to
AuCabRemovalTime[ currAtlasFrame ], where currAtlasFrame is the current atlas frame.

All of the following conditions shall be fulfilled for each of the bitstream conformance tests:

a) For each coded atlas access unit n, with n greater than 0, associated with a buffering period SEI
message, let the variable deltaTime90k[ n ]be specified as follows:

deltaTime90k[ n ] =90 000 * ( AuNominalRemovalTime[ n ] — AuFinalArrivalTime[n-1]) (E.13)

£ LV S Y 11 L rr.- 11 o 1 1o 1.1 i B > 1 Vol & |
The Value (0)§ HIITULADREMOVAIDUCIAdy | TTUU [T SCHEUSTITUX |15 COIISUIdIIICU d5 10IIOWS.

1) Ifhrd_cbr_flag[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] is equal to 0, the following condition shall
be true:

InitCabRemovalDelay[ Htid ][ SchedSelldx | <= Ceil( deltaTime90k[ n ] ) E.14)

2) Otherwise ( hrd_cbr_flag[ NalHrdModeFlag ][ Htid ][ SchedSelldx ] is equalkto 1 ), the follgwing
conditiop shall be true:

Floor( d¢ltaTime90k[ n ]) <=
InitCabRemovalDelay[ Htid ][ SchedSelldx | <= Ceil( deltaTime90k[ n | ) (E.15)

NOTE 1 | The exact number of bits in the CAB at the remoyal‘time of each atlas frame can depend on
which byffering period SEI message is selected to initialize(the’ HRD. Encoders are expected to take this
into accdunt to ensure that all specified constraints are obeyed regardless of which buffering peri¢d SEI
message [is selected to initialize the HRD, as the HRD canfbe’initialized at any one of the buffering peripd SEI
messages.

b) A CAB oyerflow is specified as the condition in\which the total number of bits in the CAB is grjeater
than thg CAB size. The CAB shall never overflow.

c¢) When htd_low_delay_flag[ Htid ] is equal to 0, the CAB shall never underflow. A CAB underflow is
specifiedl as follows:

1) the |condition in which the-nominal CAB removal time of the coded atlas access uhit n,
AuNominalRemovalTime| 11 |, is less than the final CAB arrival time of the coded atlas dccess
unitfn, AuFinalArrivalTime[ n ], for at least one value of n.

d) The nonjinal removaltimes of atlas frames from the CAB (starting from the second atlas in decpding
order) shall satisf§’the constraints on AuNominalRemovalTime[ n ] and AuCabRemovalTimg[ n ]
expresse¢d in Annex A.

e) For each current atlas frame, after invocation of the process for removal of atlases from thg DAB
as specified’in subclause E.3.2, the number of decoded atlas frames in the DAB, including all| atlas
frames n that are marked as "used for reference", or that have AtlasFrameOutputFlag equal to 1 and
AuCabRemovalTime[ n ]Jless than AuCabRemovalTime[ currAtlasFrame ], where currAtlasFrame is
the current atlas frame, shall be less than or equal to asps_max_dec_atlas_frame_buffering_minus1.

f) Allreference atlas frames shall be present in the DAB when needed for prediction. Each atlas frame
that has AtlasFrameOutputFlag equal to 1 shall be present in the DAB at its DAB output time unless
it is removed from the DAB before its output time by one of the processes specified in Clause E.3

g) ForeachcurrentatlasframethatisnotanIRAP coded atlasframe with NoOutputBeforeRecoveryFlag
equal to 1, the value of maxAtlasFrameOrderCnt — minAtlasFrameOrderCnt shall be less than
MaxAtlasFrmOrderCntLsb / 2.

h) The value of DabOutputinterval[ n ] as given by Formula (E.12), which is the difference between the
output time of an atlas frame and that of the first atlas frame following it in output order and having
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AtlasFrameOutputFlag equal to 1, shall satisfy the constraint expressed in Annex A fo
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r the profile,

tier and level specified in the bitstream using the decoding process specified in subclause 9.2.

i) For any two atlas frames m and n in the same CAS, when DabOutputTime[ m ] is greater than
DabOutputTime[ n ], the AtlasFrmOrderCntVal of atlas frame m shall be greater than the
AtlasFrmOrderCntVal of atlas frame n.

NOTE 2  All atlas frames of an earlier CAS in decoding order that are output are output before any atlas

frames of a later CAS in decoding order. Within any particular CAS, the atlas frames that are output are output in

increasing AtlasFrmOrderCntVal order.

E.5 [Decoder conformance

E.5.1 General

A dedoder conforming to this document shall fulfil all requirements specified ifithis subcld

A dedoder claiming conformance to a specific profile, tier and level shall he-able to succesy
all atlas frame bitstreams that conform to the atlas frame bitstream//conformance r
specified in Clause E.4, in the manner specified in Annex A, provided, that all AAPSs, ASP§
referred to in the ACL NAL units and appropriate buffering period.and atlas frame timing §
are cpnveyed to the decoder, in a timely manner, either in the bitstream (by non-ACL NAL
exterjnal means not specified in this document.

When an atlas sub-bitstream contains syntax elements that have values that are specified
and if is specified that decoders shall ignore values of-the syntax elements or NAL units cq
syntdx elements having the reserved values, and thetatlas sub-bitstream is otherwise cc
this document, a conforming decoder shall decede'the atlas sub-bitstream in the same
wouldl decode a conforming atlas sub-bitstreanrand shall ignore the syntax elements or tl
contdining the syntax elements having the reserved values as specified.

Ther
confa

b are two types of conformance that can be claimed by an atlas frame decoder: o
rmance and output order conformance.

To check conformance of an atlasiframe decoder, test bitstreams conforming to the claime
and lgvel, as specified in Clause'E4 are delivered by a hypothetical atlas frame stream sch

use.

fully decode
pquirements
s and AFPSs
El messages
units), or by

as reserved
ntaining the
nforming to
manner as it
he NAL units

Litput timing

1 profile, tier
eduler (HSS)

both [to the HRD and to the atlas frame decoder under test (DUT). All decoded atlas framles output by
the HRD shall also be output by the DUT, each decoded atlas frame output by the DUT sha
fram¢ with AtlasFraméOutputFlag equal to 1, and, for each such decoded atlas frame outpu|
the ipformation associated with all atlas tiles and patches that are output shall be equij
information assoeiated with the atlas tiles and patches produced by the specified atlas fra

I be an atlas
[t by the DUT,
yalent to the
me decoding

, With delivery
CAB size are
ated" delivery

schedules as spec1fled below for Wthh the b1t rate and CAB size are restrlcted as spec1f1ed in Annex A.

The same delivery schedule is used for both the HRD and the DUT.

When the HRD parameters and the buffering period SEI messages are present with hrd_cab_cnt_
minusl[ Htid ] greater than 0, the atlas frame decoder shall be capable of decoding the atlas sub-

bitstream as delivered from the HSS operating using an "interpolated" delivery schedule
having peak bit rate r, CAB size c( r ), and initial CAB removal delay ( f(r) + r) as follows:

a = ( r - BitRate[ INalHrdModeFlag ][ Htid ][ SchedSelldx-11]) +
( BitRate[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] -
BitRate[ !NalHrdModeFlag ][ Htid ][ SchedSelldx-1])
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c(r) = a* CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] +
(1-a)* CabSize[ INal[HrdModeFlag ][ Htid ][ SchedSelldx - 1 ] (E.17)

f(r) = a* InitCabRemovalDelay[ Htid ][ SchedSelldx ] *
BitRate[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] +
(1-a) *InitCabRemovalDelay[ Htid ][ SchedSelldx -1 ] *
BitRate[ !NalHrdModeFlag ][ Htid ][ SchedSelldx - 1] (E.18)

for any SchedSelldx > 0 such that:

BitRate[f
<= BitRate[ INalHrdModeFlag |[ Htid ][

SchedSelldx |

such that r and c( r ) are within the limits as specified in Annex A for the maximum bit rate.and buffer
size for the gpecified profile, tier and level.

NOTE1 InjtCabRemovalDelay[ Htid ][ SchedSelldx ] can be different from one buffering‘period to anoth¢r and
has to be re-cplculated.

For output timing atlas frame decoder conformance, an HRD as described above is used and the timing
(relative to the delivery time of the first bit) of atlas frame output is the same for both the HRD arld the
DUT up to a fixed delay.

For output ofder atlas frame decoder conformance, the following applies:

— The HSY delivers the bitstream AtlasBitstreamToDecode‘to the DUT "by demand"” from the{DUT,
meaning that the HSS delivers bits (in decoding order) ‘only when the DUT requires more Hits to
proceed|with its processing.

NOTE 2 This means that for this test, the coded atlasuffer of the DUT could be as small as the size jof the
largest decodjng unit.

— A modif]led HRD, as described in subclausé E.5.2, is used, and the HSS delivers the bitstream to the
HRD by one of the schedules specified.ifythe atlas frame bitstream, AtlasBitstreamToDecode| such
thatthe pitrate and CAB size are restricted as specified in Annex A. The output order of atlas fifames
shall be [the same for both the HRD.ahd the DUT.

— The HRD CAB size is given by CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ], as specififed in
subclauge G.3.3, where SchedSelldx and the HRD parameters are selected as specified in Claude E.1.
The DAB size is given by asps_max_dec_atlas_frame_buffering_minus1 + 1. Removal time from the
CAB for the HRD is the.fihal bit arrival time and decoding is immediate. The operation of the DAB of
this HRI is as descpibed in subclauses E.5.2 through E.5.2.3.

E.5.2 Operation of the output order DAB

E.5.2.1 Gehetal

The decoded atlas frame buffer contains atlas frame storage buffers. Each of the atlas frame storage
buffers contains a decoded atlas frame that is marked as "used for reference" or is held for future output.
The process for output and removal of atlas frames from the DAB before decoding of the current atlas
frame as specified in subclause E.5.2.2 is invoked, the invocation of the process for current decoded
atlas frame marking and storage as specified in subclause E.3.4, further followed by the invocation of
the process for removal of the atlas frame from the DAB after decoding of the current atlas frame as
specified in subclause E.3.5, and finally followed by the invocation of the process for additional bumping
as specified in subclause E.5.2.3. The "bumping" process is specified in subclause E.5.2.4 and is invoked
as specified in subclauses E.5.2.2 and E.5.2.3.
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E.5.2.2 Output and removal of atlas frames from the DAB

The output and removal of atlas frames from the DAB before the decoding of the current atlas frame
(but after parsing the tile header of the first tile of the current atlas frame) happens instantaneously
when the first decoding unit of the access unit containing the current atlas frame is removed from the

CAB and proceeds as follows:

a)
b)

The decoding process for RAFL as specified in subclause 9.2.4.3, is invoked.

1 that is not atlas frame 0, the following ordered steps are applied:

If the current picture is an IRAP coded atlas frame with NoOutputOfPriorAtlasFramesFlag equal to

1

(
\

The variable NoOutputOfPriorAtlasFrameFlag is derived for the decoder under tes
i) Ifthe currentatlas frame is CRA atlas frame, NoOutputOfPriorAtlasFramesFla
to 1 (regardless of the value of ath_no_output_of_prior_atlas_frameslag).

ii) Otherwise, if the value of asps_frame_width, asps_frame_height, or as
atlas_frame_buffering_minusl derived for the current atlas-frame is dif
the value of asps_frame_width, asps_frame_height, or |asps_max_dec_
buffering_minusl, respectively, derived from the ASPS\active for the pre
NoOutputOfPriorAtlasFramesFlag may (but should net)\be set equal to 1 by
under test, regardless of the value of ath_no_output of prior_atlas_frame;
current atlas frame.
iii) Otherwise, NoOutputOfPriorAtlasFramesFlag is’set equal to ath_no_output_of]
frames_flag if the current coded atlas access)unit.

NOTE Although, under these conditions,.setting NoOutputOfPriorAtlasFramesFlag
no_output_of _prior_atlas_frames_flag of the’etirrent coded atlas frame is preferred, it is p
decoder under test to set, in this case, NoQutputOfPriorAtlasFramesFlag equal to 1.

The value of NoOutputOfPriorAtlasFramesFlag derived for the decoder under test
the HRD as follows:

i) If NoOutputOfPriorAtlasFramesFlag is equal to 1, all atlas frame storage b
DAB are emptied without output of the atlas frames they contain, and the DA
set equal to 0.

Otherwise «(NoOutputOfPriorAtlasFramesFlag is equal to 0), all atlas fr
buffers céntaining atlas frames that are marked as "not needed for output”

for referénce" are emptied (without output) and all non-empty atlas fr
buffers'in the DAB are emptied by repeatedly invoking the "bumping" proces;
subclause E.5.2.4 and the DAB fullness is set equal to 0.

therwise (the current atlas frame 1is not an IRAP coded atlas
oQutputBeforeRecoveryFlag equal to 1), all atlas frame storage buffers containing

frame

t as follows:

g is set equal
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ied (without

output). For each atlas frame storage buffer that is emptied, the DAB fullness is decremented by
one. The "bumping" process specified in subclause E.5.2.4 is invoked repeatedly for each additional
atlas frame storage buffer that is emptied, until the number of atlas frames in the DAB is less than
asps_max_dec_atlas_frame_buffering_minus1 + 1.

E.5.2.

3 Additional bumping

The processes specified in this subclause happen instantaneously when the last decoding unit of access
unit n containing the current atlas frame is removed from the CAB.

When the current atlas frame has AtlasFrameOutputFlag equal to 1, for each atlas frame in the DAB that
is marked as "needed for output" and follows the current atlas frame in output order, the associated
variable AtlasFrameLatencyCount is set equal to AtlasFrameLatencyCount + 1.
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The following applies:

— Ifthe current decoded atlas frame has AtlasFrameOutputFlag equal to 1, it is marked as "needed for
output” and its associated variable AtlasFrameLatencyCount is set equal to 0.

— Otherwise (the current decoded atlas frame has AtlasFrameOutputFlag equal to 0), it is marked as
"not needed for output”.

When the following condition is true, the "bumping" process specified in subclause E.5.2.4 is invoked
repeatedly until the following conditions is not true:

— The number of atlas frames in the DAB that are marked as "needed for output"” is greater than
asps_mdx_dec_atlas_frame_buffering_minusl + 1.

E.5.2.4 "Bumping" process
The "bumping" process consists of the following ordered steps:

a) The atlgs frame that is first for output is selected as the one having the-smallest value of
AtlasFrinOrderCntVal of all atlas frames in the DAB is marked as "needed forloutput".

b) The atlap frame is output, and the atlas frame is marked as "not needed.for output".

c) When tHe atlas frame storage buffer that included the atlas frame that was output contains an|atlas
frame mlarked as "unused for reference”, the atlas frame storage‘buffer is emptied.

NOTE Fof any two atlas frames atlasFrameA and atlasFrameB thafbelong to the same CAS and are output by
the "bumping|process”, when atlasFrameA is output earlier than atlasFrameB, the value of AtlasFrmOrder(ntVal
of atlasFrameA is less than the value of AtlasFrmOrderCntVal ofatlasFrameB.
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hinnex specifies syntax and semantics for SEI message payloads associated with ap-atl
hn atlas ID, SeiAtlasID, which is set equal to vuh_atlas_id or determined through.éxter
BC unit header is unavailable.

SEI njessages assist in processes related to decoding, reconstruction, displayyot other py
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k defines two types of SEI messages: essential and non-essential.
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pssential SEI messages are not required by the decoding process.,Conforming deco

required to process this information for output order conformanceto-this document (see|
the specification of conformance).

In supclause E.5.2 including its subclauses, specification for presence of non-essential §
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onformance purposes.

hs, identified
nal means if

rposes. This

ders are not
Annex A for

EI messages
rs (or to the
on-essential
innex. When
s other than
F required to

e same syntax specified in this annex. Fer‘the purpose of counting bits, only the appjropriate bits

red from the
mance point

information
e. Every V3C

ecoder conformingito point A should not discard any relevant Type-A essential SEI njessages and

ance.

h to conform
hny relevant
truction and

Table Fitiststheessential-amd mon=essential SEFmessages-inmtase of essentiat SEfmessa
is also specified.

Table F.1 — Essential and non-essential SEI messages

pes, the type

SEl message NAL Type Conformance Type
Filler payload SEI NAL_PSP}JEFFP!?X__I\II\ISSEQI/ NAL_ N/A
User data registered by Recommendation ITU-T T.35 NAL_PSRUEFFP!?X__I\II\ISSEEI/ NAL_ N/A
User data unregistered NAL_PSRUEFFP!?X__I\II\ISSEEII/ NAL_ N/A
Recovery point NAL_PREFIX_NSEI N/A
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Table F.1 (continued)

SEI message NAL Type Conformance Type
No reconstruction NAL_PREFIX_NSEI N/A
Reserved N/A N/A

SEI manifest

NAL_PREFIX_ESEI

Type-A, Type-B

SEI prefix indication

NAL_PREFIX_ESEI

Type-A, Type-B

Active sub-bitstreams NAL_PREFIX_ESEI Type-A
Component codec mapping NAL_PREFIX_ESEI Type-A
Scene ohject infaormation NAI._PREFIX NSEI N/A
Object label information NAL_PREFIX_NSEI N/A n'\
Patch information NAL_PREFIX_NSEI N/ALD"”
Volumetric rectangle information NAL_PREFIX_NSEI %AV
Atlas object association NAL_PREFIX_NSEI _OWN/A
Buffering period NAL_PREFIX_ESEI 03 Type-A
Atlas frame timing NAL_PREFIX_ESEI V' Type-a
Viewport camera parameters NAL_PREFIX_NSEI . ,\/ N/A
Viewport position NAL_PREFIX_NSEI )" N/A
Ddcoded atlas information hash NAL_SUFFIX_@S@ N/A
Time code NAL_PREEIXQ)?SEI N/A
Attripute transformation parameters NAL_P‘@X_NSEI Type-B
Occupancy synthesis NA&\%];FIX_ESEI Type-B
Geometry smoothing N@I’REFIX_ESEI Type-B
Attribute smoothing ‘\(\@lAL_PREFIX_ESEI Type-B
S
F.2 SEI payload syntax A’\Qﬁ
xO
F.2.1 Genpral SEI message synta!xejr
AN\
sei_payload[ payloadType, payload§i-z’é) { Descriptor
if(( nal_init_type == NAL_PREFIX_NSEI) || (nal_unit_type == NAL_PREFIX_ESEI)) {
if( payloadType ==(ﬂ}))
bufferingjpgkio‘a( payloadSize )
elsq if( paylpéﬁ'grpe ==1)
atla,s.j_ﬁ\r’ne_timing( payloadSize )
elsd i(@}yloadType ==2)

A
Tiller_payload[ payloadSize J

else if( payloadType == 3 )

user_data_registered_itu_t_t35( payloadSize )

else if( payloadType ==4)

user_data_unregistered( payloadSize )

else if( payloadType ==5)

recovery_point( payloadSize )

else if( payloadType == 6)

no_reconstruction( payloadSize )

else if( payloadType ==7)
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time_code( payloadSize )

else if( payloadType == 8)

sei_manifest( payloadSize )

else if( payloadType ==9)

sei_prefix_indication( payloadSize )

else if( payloadType == 10 )

active_sub_bitstreams( payloadSize )

else if( payloadType == 11)

. | . L 1 Vel hY
component_couact_NTappmgrpayroatsSIZe )

else if( payloadType ==12) A,
scene_object_information( payloadSize ) | q>)

else if( payloadType == 13 ) (\)Q
object_label_information( payloadSize ) ‘(\O.)V

else if( payloadType == 14) q‘/ -
patch_information( payloadSize ) //C) i

else if( payloadType == 15) ,\\\v
volumetric_rectangle_information( payloadSize LC_)V

else if( payloadType == 16) (-s\\\
atlas_object_association( payloadSize ) /\Q -

else if( payloadType == 17 ) X QV
viewport_camera_parameters( paykg@Size )

else if( payloadType == 18 ) & N

N

viewport_position( payloadSig\@\)\'

else if( payloadType == 64 ) ;\Q)“

attribute_transformatsi‘((g_\f)arams( payloadSize ) /* Specified in Annex H */

else if( payloadType ::,65.)\'

occupancy_synt(tréﬁg( payloadSize ) /* Specified in Annex H */

A

else if( payloadType == 66 )

geometrm(;othing( payloadSize ) /* Specified in Annex H */

else if( pa‘\(lgda'Type ==67)

at@iﬁl\te_smoothing( payloadSize ) /* Specified in Annex H */

else\o\

P C)\‘r.eserved_sei_message( payloadSize )

3

4

NS

else {
/*(nal_unit_type == NAL_SUFFIX_NSEI) || ( nal_unit_type == NAL_SUFFIX_ESEI )*/

if( payloadType ==2)

filler_payload( payloadSize )

else if( payloadType == 3)

user_data_registered_itu_t_t35( payloadSize )

else if( payloadType ==4)

user_data_unregistered( payloadSize )

else if( payloadType ==19)

decoded_atlas_information_hash( payloadSize )
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else

reserved_sei_message( payloadSize )

}

if( more_data_in_payload() ) {

if( payload_extension_present( ) )

sp_reserved_payload_extension_data u(v)
byte_alignment( )
}
} -
Y
F.2.2 Fillgr payload SEI message syntax q/Qq’
{A e
filler_paylogd( payloadSize ) { QY JDescriptor
for( k =10; k < payloadSize; k++) AS N>
ff_Hyte /* equal to OxFF */ Vv £(8)
} &
S
F.2.3 User data registered by Recommendation ITU-T T.35 {,E.Q'lessage syntax
&
user_data_rpgistered_itu_t_t35( payloadSize ) { P o Descriptor
itu_t_t35_country_code AQ\ b(8]
if(itu_t[t35_country_code != 0XFF) ‘\\‘(
i=1 N
else { ,{Q‘O
ituft_t3 5_country_code_extension_by_,tk\ b(8]
i= J
} O
do { <
ituJt_t35_payload_byte (@) b(8]
i++ A@ ’
} while(|i < payloadSizﬁp‘
} Q-
N
F.2.4 User date@'eglstered SEI message syntax
G
user_data_q@tered( payloadSize ) { Descriptor
uuid_iso_iec_11578 u(128)
for(i=16;i < payloadSize; i++)
user_data_payload_byte b(8)
}
F.2.5 Recovery point SEI message syntax
recovery_point( payloadSize ) { Descriptor
recovery_afoc_cnt se(v)
exact_match_flag u(1)
broken_link_flag u(1)
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B

F.2.6 No reconstruction SEI message syntax

no_reconstruction( payloadSize ) { Descriptor
}
F.2.7 Reserved SEI message syntax
reserved_sei_message( payloadSize ) { Descriptor
ﬂor( i=0; i< payloadSize; i++)
reserved_sei_message_payload_byte b(8)
}
F.2.8 SEI manifest SEI message syntax
sei_rhanifest( payloadSize ) { PDescriptor
manifest_num_sei_msg_types u(16)
ﬂor( i =0; i < manifest_num_sei_msg_types; i++ ) {
manifest_sei_payload_type[i] u(16)
manifest_sei_description]i | u(8)
}
}
F.2.9| SEI prefix indication SEI messagesyntax
sei_prefix_indication( payloadSize ) { Descriptor
prefix_sei_payload_type u(16)
*um_sei_prefix_indications_minus1 u(8)
ﬂor( i=0; i <=num_sei_prefix_indications_minus1; i++) {
num_bits_in_prefix_indication_minus1[i ] u(16)
for(j = 0; j <=mum_bits_in_prefix_indication_minusl[i [; j++)
sei_prefix_data_bit[i][j] u(1)
while(Abyte_aligned( ) )
byte_alignment_bit_equal_to_one /* equal to 1 */ f(1)
)
}
F.2.10 Active sub-bitstreams SEI message syntax
active_sub_bitstreams( payloadSize ) { Descriptor
asb_active_sub_bitstreams_cancel_flag u(1)
if( !lasb_active_sub_bitstreams_cancel_flag) {
asb_active_attributes_changes_flag u(1)
asb_active_maps_changes_flag u(1)
asb_auxiliary_sub_bitstreams_active_flag u(1)
if(asb_active_attributes_changes_flag ) {
asb_all_attributes_active_flag u(1)
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if( lasb_all_attributes_active_flag) {
asb_active_attribute_count_minus1 u(7)
for(i=0;i<=asb_active_attribute_count_minusl; i++)
asb_active_attribute_idx[i] u(7)
}
}
if( asb_active_maps_changes_flag ) {
asb_all_maps_active_flag u(1)
ifttasb—att-maps—active—flag3{
asb_active_map_count_minus1 £ '>E
for(i=0;i<=asb_active_map_count_minus1 ) ) q>)
asb_active_map_idx[i] (\)3 ‘ u(4]
} P
} 9>
} O
} A\
\J

F.2.11 Component codec mapping SEI message syntax «

)
y4
component Jcodec_mapping( payloadSize ) { .OY Descriptor
ccm_component_codec_cancel_flag \\Q N u(1]
if( !ccm] component_codec_cancel_flag) { \\}\‘
ccnp_codec_mappings_count_minus1 &(\6 u(8
for(i=0;i<= ccm_codec_mappings_cou\t\g?n"inusl; i++){
ccm_codec_id \’\\Q" u(8
ccm_codec_4cc[ ccm_codec_id) st(v
} .cE
} o
} AN
N

F.2.12 Volymetric annofation SEI message family syntax

F.2.12.1 Sc¢ne obi@ﬁformation SEI message syntax
T

scene_object_'kr}gi\mation( payloadSize ) { Descriptor
soi_persﬁ}énrn_fhg 11(1j
soi_reset_flag u(1)
soi_num_object_updates ue(v)
if( soi_num_object_updates > 0) {
soi_simple_objects_flag u(1)
if( soi_simple_objects_flag == 0) {
soi_object_label_present_flag u(1)
soi_priority_present_flag u(1)
soi_object_hidden_present_flag u(1)
soi_object_dependency_present_flag u(1)
soi_visibility_cones_present_flag u(1)
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soi_3d_bounding_box_present_flag u(1)
soi_collision_shape_present_flag u(1)
soi_point_style_present_flag u(1)
soi_material_id_present_flag u(1)
soi_extension_present_flag u(1)
}
else {
soi_object_label_present_flag =0
sot—priority-present—ftag="% -
soi_object_hidden_present_flag = 0 ),
soi_object_dependency_present_flag = 0 . q>)
soi_visibility_cones_present_flag = 0 (\p ’
soi_3d_bounding_box_present_flag =0 A(\O.)V
soi_collision_shape_present_flag = 0 q‘,bv
soi_point_style_present_flag =0 //C) i
soi_material_id_present_flag = 0 A\\V
soi_extension_present_flag = 0 \%\J
} S
if( soi_3d_bounding_box_present_flag) { /\Q
soi_3d_bounding_box_scale_log2 QV u(5)
} R
soi_log2_max_object_idx_updated. 1,{@'ﬁusl u(5)
if( soi_object_dependency_presen"cé}‘%\af;r )
soi_logZ_max_obiect_deg@%‘ency_idx u(5)
for(i=0;i< soi_num_objeg@“pdates; i++){
soi_object_idx[i] ,,\17\' u(v)
k= soi_object_i(txﬂ\f
soi_obiect_%hc\e,l_flag[ k] u(1)
ObjectTrth&[ k ] =!soi_object_cancel_flag[ k ]
if( !soi_bbject_cancel_flag[ k]) {
Oﬁ\soi_object_label_present_ﬂag) {
\O\ soi_object_label_update_flag[ k | u(1)
P C)\‘. if( soi_object_label_update_flag[ k] )
N\Z soi_object_label_idx[ k] ue(v)
}
if( soi_priority_present_flag ) {
soi_priority_update_flag[ k | u(1)
if( soi_priority_update_flag[ k] )
soi_priority_value[ k ] u(4)
}
if( soi_object_hidden_present_flag)
soi_object_hidden_flag[ k ] u(1)
if( soi_object_dependency_present_flag) {
soi_object_dependency_update_flag[ k | u(1)
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if( soi_object_dependency_update_flag[ k] ) {
soi_object_num_dependencies| k | u(4)
for(j = 0;j < soi_object_num_dependencies[ k |; j++)
soi_object_dependency_idx[ k][ j] u(v)
}
}
if( soi_visibility_cones_present_flag) {
soi_visibility_cones_update_flag[ k | u(1)
i{soi-vistbitity-comes—update—ftagt k13-
soi_direction_x[ k | L 16
soi_direction_y[ k] ) ,q/\f(16
soi_direction_z[ k | ~A° (16
soi_angle[ k| A(\O.)V u(16)
} 9>
} O
if( soi_3d_bounding_box_present_flag ) { A\\V
soi_3d_bounding_box_update_flag[ k ] \%\J u(1}
if( soi_3d_bounding_box_update_flag[k]) { &
soi_3d_bounding_box_x[ k| /\Q - ue(V
soi_3d_bounding box_y[k] Q" ue(v
soi_3d_bounding_box_z[ k] &\§\ ue(V
soi_3d_bounding_box_siz\g‘@{} ] ue(V
soi_3d_bounding_box_g%t}_‘y[ k] ue(V
soi_3d_bounding_bq{2}1‘ze_z[ K] ue(V
} O
} N
if( soi_collision_shqp&\'p’resent_flag) {
soi_collisi(\Q;sTllape_update_flag[ k] u(1}
if(soi_co@%‘n_shape_update_flag[ k1)
ioqgt;llision_shape_id[ k] u(16)
b o
if(@_\point_style_present_flag) {
/C)\‘. soi_point_style_update_flag[ k | u(1}
QO if( soi_point_style_update_flag[ k]) {
soi_point_shape_id[ k ] u(8)
soi_point_size[ k | u(16)
}
}
if( soi_material_id_present_flag) {
soi_material_id_update_flag[ k | u(1)
if( soi_material_id_update_flag[ k] )
soi_material_id[ k] u(16)
}
}

186 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

}

F.2.12.2 Objectlabel information SEI message syntax

object_label_information( payloadSize ) {

Descriptor

oli_cancel_flag

u(l1)

if( loli_cancel_flag) {

oli_label_language_present_flag | u(@)
if( oli_label_language_present_flag) { X
while( 'byte_aligned()) .
oli_bit_equal_to_zero /* equal to 0 */ A~ - f(1)
oli_label_language O\QVJ st(v)
} ~ v
oli_num_label_updates R /\) ue(v)
for(i=0;i<oli_num_label_updates;i++){ ‘O\V
oli_label_idx[ i ] N ue(v)
k = oli_label_idx[ ] , O
oli_label_cancel_flag[ k | R u(l)
LabelSetFlag[ k ] = loli_label_cancel_flag[k |
if( loli_label_cancel_flag[k]){  “
while( !byte_aligned( ) ) ,&\Q’
oli_bit_equal_to_zq@\ﬁ equal to 0 */ f(1)
oli_label[ k ] W st(v)
} O
} WO
oli_persistence_flaﬁ)\‘ u(1)
} N\
} CJO
F.2.12.3 Patc@rmation SEI message syntax
patc 1_infe‘ﬁ;tion( payloadSize ) { Descriptor
pi&p\i{sistence_ﬂag u(1)
f)i_i'eset_flag u(1)
pi_num_tile_updates ue(v)
if( pi_num_tile_updates >0 ) {
pi_log2_max_object_idx_tracked_minus1 u(5)
pi_log2_max_patch_idx_updated_minus1 u(4)
}
for(i=0;i<pi_num_tile_updates; i++ ) {
pi_tile_id[ i | ue(v)
j=pi_tile_id[i]
pi_tile_cancel_flag][ j | u(1)
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pi_num_patch_updates] j | ue(v)
for( k= 0; k < pi_num_patch_updates[j ]; k++ ) {
pi_patch_idx[j ][ k] u(v)
p = pi_patch_idx[j][ k]
pi_patch_cancel_flag[j][p] u(1)
if( 'pi_patch_cancel_flag[j][p]){
pi_patch_number_of_objects_minus1[j][p] ue(v)

m = pi_patch_number_of_objects_minus1[j][p]+1

£ L ral Y
1Orgm =y, 11 111, 11T )

pi_patch_object_idx[j][p][n] _a(v]
) JE
} o
} o
} O
O
F.2.12.4 Volumetric rectangle information SEI message syntax O\\Q/
volumetric_rectangle_information( payloadSize ) { c\(o Descriptor
vri_persistence_flag y o u(1]
vri_respt_flag ,\OX u(1}
vri_num_rectangles_updates \\Y i ue(V
if( vri_rlum_rectangles_updates > 0 ) { s\\)‘
vri} logZ_max_object_idx_tracked_minug{\@ u(5]
vri} logZ_max_rectangle_idx_update(jghi\flus1 u(4]
} N
for(k=10; k< vri_num_rectangles_upd@es; k++) {
vrijrectangle_idx[ k ] \.\(\}‘ u(v}
p = pri_rectangle_idx[ k ] C)\‘
vri[rectangle_cancel flag[p ] u(1}
if( !vri_rectangle_c,a@}_flag[ pl){
vri_boundi{tg_\.l{ox_update_flag[ pl u(1}
if( vri_bp\@a?ng_box_update_flag[ pl){
X@J’ounding_box_top[ pl u(v}
¢ 'vti_bounding_box_left[p | u(v)
L vri boundingbex—width{p] .
vri_bounding_box_height[ p ] u(v)
}
vri_rectangle_number_of_objects_minus1[ p ] ue(v)
m = vri_rectangle_number_of_objects_minusl[p]+1
for(n=0; n <m; n++)
vri_rectangle_object_idx[p ][ n ] u(v)
}
}
}
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F.2.12.5 Atlas object association SEI message syntax

atlas_object_association( payloadSize ) { Descriptor
aoa_persistence_flag u(1)
aoa_reset_flag u(1)
aoa_num_atlases_minus1 u(6)
aoa_num_updates ue(v)
if(aoa_num_updates >0 ) {
aoa_log2_max_object_idx_tracked_minus1 u(5)
for(j=0;j<aoa_num_atlases_minusl + 1; j++)
aoa_atlas_id[j ] u(6)
for(i=0;i<aoa_num_updates;i++) {
aoa_object_idx[i] u(v)

k = aoa_object_idx[i]

for(j=0;j<aoa_num_atlases_minusl + 1; j++)

aoa_object_in_atlas[ k ][ aoa_atlas_id[ j] ] u(1)
}
}
}
F.2.13 Buffering period SEI message syntax
buffe¢ring_period( payloadSize ) { Descriptor
bp_nal_hrd_params_present_flag u(1)
*p_acl_hrd_params_present_flag u(1)
*p_initial_cab_removal_delay_length_minus1 u(5)
*p_au_cab_removal_delay_length_minus1 u(5)
*p_dab_output_delay_length_minusl u(5)
*p_irap_cab_params_present_flag u(1)
i|f( bp_irap_cab_params_present_flag ) {
bp_cab_delay-offset u(v)
bp_dab:delay offset u(v)
}
bp_cencatenation_flag u(1)
*p_atlas_cab_removal_delay_delta_minus1 u(v)
l')p_max_sub_layers_mlnusl u(3)

for(i=0;i<=bp_max_sub_layers_minusl; i++ ) {
bp_hrd_cab_cnt_minus1[i] ue(v)

if( bp_nal_hrd_params_present_flag) {
for(j=0;j<bp_hrd_cab_cnt_minus1[i]+ 1;j++){

bp_nal_initial_cab_removal_delay[i][] ] u(v)

bp_nal_initial_cab_removal_offset[i][j ] u(v)

if( bp_irap_cab_params_present_flag) {
bp_nal_initial_alt_cab_removal_delay[i][j] u(v)
bp_nal_initial_alt_cab_removal_offset[i][] ] u(v)
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}
}
}
if( bp_acl_hrd_params_present_flag ) {
for(j=0;j<bp_hrd_cab_cnt_minus1[i] + 1;j++){
bp_acl_initial_cab_removal_delay[i][j ] u(v)
bp_acl_initial_cab_removal_offset[i][] ] u(v)
if( bp_irap_cab_params_present_flag ) {
bp—actinitial—alt—cab-removal—delaytiitii ttv
bp_acl_initial_alt_cab_removal_offset[i][] ] £ '}]
} i
} o
} R
} 9>
} O
. N
F.2.14 Atlas frame timing SEI message syntax %O
<\
atlas_frame| timing( payloadSize ) { P 6\ Descriptor
if( CababDelaysPresentFlag ) { .OY
for(li = 0; i <= bp_max_sub_layers_minus1; i++) { . N
aft_au_cab_removal_delay_minus1[i|] \\)\ ) u(v}
aft_dab_output_delay][ i ] R u(v)
} N
} K42
} xO
oF
F.2.15 Viewport SEI messages ftlj}ffy syntax
F.2.15.1 Vi¢wport camera pé@néters SEI messages syntax
7~
Viewport_cclmera_param\&s( payloadSize ) { Descriptor
vcp_calpera_idAQF u(10)
vcp_caﬂcel_f{&) u(1}
if(vep_ apq)g:a\_id > 0 && !vep_cancel_flag ) {
vcp:&\{cicfpnrp_flag u(l1}
vcp_camera_type u(3)
if( vep_camera_type == 0 ) { /* equirectangular */
vcp_erp_horizontal_fov u(32)
vcp_erp_vertical_fov u(32)
} else if( vep_camera_type == 1) { /* perspective */
vcp_perspective_aspect_ratio f1(32)
vcp_perspective_horizontal_fov u(32)
} else if( vep_camera_type == 2 ) { /* orthographic */
vcp_ortho_aspect_ratio f1(32)
vcp_ortho_horizontal_size f1(32)
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}
vep_clipping_near_plane f1(32)
vep_clipping_far_plane f1(32)
}
}
F.2.15.2 Viewport position SEI messages syntax
viewport_position( payloadSize ) { Descriptor
yp_viewport_id | ue(v)
yp_camera_parameters_present_flag u(1)
if( vp_camera_parameters_present_flag )
vp_vcp_camera_id u(10)
yp_cancel_flag O\QVJ u(1)
iif( ! vp_cancel_flag) { ~ 4V’
vp_persistence_flag R /\) u(1)
for(d=0;d<3; d++) e
vp_position[d] . \(O f1(32)
vp_rotation_gx y o i(16)
vp_rotation_qy AQK i(16)
vp_rotation_qz \ i i(16)
vp_center_view_flag s\\)‘ u(1)
if( ! vp_center_view_flag) st@
vp_left_view_flag R\ N u(1)
) N
} O
O
F.2.1}6 Decoded atlas lnf(@ﬁatlon hash SEI message syntax
decoded_atlas_inform,as'tml_’hash( payloadSize ) { Descriptor
qlaih_cancel_flqg‘-) u(1)
i|f( !daih_ca;@_‘ﬁag) {
daim‘sistence_ﬂag u(1)
(}d*_tﬁ\_'l,lash_type u(8)
\@hjih_decoded_high_level_hash_present_flag u(1)
= daih_decoded_atlas_hash_present_flag u(1)
daih_decoded_atlas_b2p_hash_present_flag u(1)
daih_decoded_atlas_tiles_hash_present_flag u(1)
daih_decoded_atlas_tiles_b2p_hash_present_flag u(1)
daih_reserved_zero_1bit u(1)
if( daih_decoded_high_level_hash_present_flag)
decoded_high_level_hash( daih_hash_type)
if( daih_decoded_atlas_hash_present_flag )
decoded_atlas_hash( daih_hash_type )
if( daih_decoded_atlas_b2p_hash_present_flag )
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decoded_atlas_b2p_hash( daih_hash_type)

if( daih_decoded_atlas_tiles_hash_present_flag ||
daih_decoded_atlas_tiles_b2p_hash_present_flag ) {

daih_num_tiles_minus1 ue(v)
daih_tile_id_len_minus1 ue(v)
for(t=0; t <= daih_num_tiles_minus1; t++)

daih_tile_id[ t ] u(v)
byte_align()
fortt="0t<=dath-mum—tites—minustt++3 -

j = daih_tile_id[ t ] )

if( daih_decoded_atlas_tiles_hash_present_flag)

decoded_atlas_tile_hash( daih_hash_type,j)

if( daih_decoded_atlas_tiles_b2p_hash_present_flag)

decoded_atlas_tile_b2p_hash( daih_hash_type,j) 0,
} O
) A\
} 9~
} S
F.2.16.1 Decoded high level hash unit syntax QQQ
N
decoded_high_level_hash( hashType ) { s\\)‘ Descriptor
if( hashflype == 0) o0
for(i=0;i<16;i++) A$V
daih_high_level_md5[ i | W b(8]
else if( hashType==1) xO
daih_high_level_crc o u(1d)
else if( hashType ==2) C)\‘
daih_high_level_checksum u(32)
} O’
o
F.2.16.2 Defcoded atl@sh unit syntax
decoded_at]as_t(i-}@vash( hashType ) { Descriptor
if( hashfype==0)
for(i =‘0; i<16;i++)
daih_atlas_md5]i|] b(8)
else if( hashType==1)
daih_atlas_crc u(16)
else if( hashType ==2)
daih_atlas_checksum u(32)
}
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decoded_atlas_tile_b2p_hash( hashType ) { Descriptor
if( hashType ==0)
for(i=0;i<16;i++)
daih_atlas_b2p_md5[i ] b(8)
else if( hashType==1)
daih_atlas_b2p_crc u(16)
else if( hashType ==2)
daih_atlas_b2p_checksum N u(32)
} RV
F2.16.4 Decoded atlas tile hash unit syntax Qf’.)
(&N
decoded_atlas_tile_hash( hashType,j) { n"b\) Descriptor
if( hashType ==0) O v
for(i=0;i<16;i++) A\§</
daih_atlas_tile_md5[ ][ i] 2 b(8)
else if( hashType==1) ,}\\\J
daih_atlas_tile_crc[j ] R - u(16)
else if( hashType ==2) N
daih_atlas_tile_checksum] j | , ‘\\\ ) u(32)
} Q2
$
F.2.16.5 Decoded atlas tile b2p hash u yntax
N
decoded_atlas_b2p_hash( hashTprQT{ Descriptor
if( hashType ==0) . (.\‘J:V
for(i=0;i<16;i++]
daih_atlas_tile_b2p_md5[j][i] b(8)
else if( hashTgpe == 1)
daih _@H&s_tile_pr_crc[ il u(16)
else ii@xl‘lType ==2)
&Qi‘h_atlas_tile_bzp_checksum[j ] u(32)
y | O
\VY
F.2.17 Time code SEI message syntax
time_code( payloadSize ) { Descriptor
num_units_in_tick u(32)
time_scale u(32)
counting_type u(5)
full_timestamp_flag u(1)
discontinuity_flag u(1)
cnt_dropped_flag u(1)
n_frames u(9)
if( full_timestamp_flag) {
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seconds_value /* 0..59 */ u(6)
minutes_value /* 0..59 */ u(6)
hours_value /* 0..23 */ u(5)
}else{
seconds_flag u(1)
if( seconds_flag) {
seconds_value /* range 0..59 */ u(6)
minutes_flag u(1)
Hmimutes—flag 3
minutes_value /* 0..59 */ u(6]
hours_flag u(1]
if(hours_flag)
hours_value /*0..23 */ u(5]
}
}
}
time_offset_length u(5]
if( time]offset_length > 0)
timle_offset_value i(v)
}

F.3 SEI payload semantics

F3.1 Genpral SEI payload semantics

sp_reserved_payload_extension_data shall not be present in bitstreams conforming to this edition
of this document. However, decoders conforming to this edition of this document shall ignore the
presence anfl value of sp_reserved_payload_extension_data. When present, the length, in bits, ¢f sp_
reserved_paload_extension_data is-€qual to 8 * payloadSize - nEarlierBits - nPayloadZeroBit§ - 1,
where nEarlierBits is the number of bits in the sei_payload( ) syntax structure that precede the sp_
reserved_palload_extension_data syntax element and nPayloadZeroBits is the number of payload_bit_
equal_to_zerjo syntax elementsat the end of the sei_payload( ) syntax structure.

NOTE1  SE[l messages/with the same value of payloadType are conceptually the same SEI message regafdless
of whether they are contained in prefix or suffix SEI NAL units.

The semantics ahd persistence scope for each SEI message are specified in the semantics specifidation
for each particular SEI message. Unless indicated otherwise, all defined SEI messages and |their

persistence scope are associated only with the current atlas with atlas ID SeiAtlasID.

NOTE 2  Persistence information for SEI messages is summarized in Table F.2.

Table F.2 — Persistence scope of SEI messages

SEI message

Persistence scope

Buffering period

The remainder of the bitstream

Atlas frame timing

The access unit containing the SEI message

Filler payload

The access unit containing the SEI message

User data registered by
Rec. ITU-T T.35

Unspecified
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Table F.2 (continued)

SEI message

Persistence scope

User data unregistered

Unspecified

Recovery point

Specified by the syntax of the SEI message

D

ecoded atlas information hash

Specified by the syntax of the SEI message

No reconstruction

The coded atlas access unit containing the SEI message

Time code

The coded atlas access unit containing the SEI message

SEI manifest

The remainder of the bitstream

SEI prpfiyindiraﬁnn

The remainder of the hitstream

Active sub-bitstreams

The remainder of the bitstream or until a new active,at{

message

ributes SEI

Component codec mapping

The remainder of the bitstream or until a new’active at]

message

ributes SEI

Scene object information

Specified by the syntax of the;SEI message

Object label information

Specified by the syntax of the SEI message

Patch information

Specified by the syntaxjof the SEI message

Vo

lumetric rectangle information

Specified by the syntax of the SEI message

Atlas object association

Specified by the'syntax of the SEl message

Jiewport camera parameters

Specified by the syntax of the SEI message

Viewport position

Specified by the syntax of the SEI message

Attr

ibute transformation parameters

Spetified by the syntax of the SEI message

Occupancy synthesis

Specified by the syntax of the SEl message

Geometry smoothing

Specified by the syntax of the SEI message

Attribute smoothing

Specified by the syntax of the SEI message

The V
set ig
"rese
inter
differ
purp
with

SEI
IDs

of the
are

contrllingthe environment in which bitstreams are distributed.

messages in SEI NAL units:

alues of some SEI message syntax €lements are split into two sets of value ranges, where the first
specified as "may be used as determined by the application", and the second set is
rved for future use by ISO/IEC". Applications should be cautious of potential “colli
bretation for values of thesg syntax elements belonging to the first set of value 1
ent applications mightse these IDs having values in the first set of value ranges
bses, particular care should be exercised in the design of encoders that generate S
fhese IDs having values in the first set of value ranges, and in the design of decoders t
essages with these IDs. This document does not define any management for these v
aving valuesin-the first set of value ranges might only be suitable for use in conte
"collipions" of usage (i.e., different definitions of the syntax and semantics of an SEI mess
se IDs having the same value in the first set of value ranges) are unimportant, or no
anaged:—e.g., defined or managed in the controlling application or transport specifi

specified as
sions” of the
anges. Since
for different
El messages
hat interpret
alues. These
xts in which
hge with one
[ possible, or
cation, or by

mtaining of SEI

— When an SEI NAL unit contains a buffering period SEI message or an atlas frame timing SEI message,
the SEI NAL unit shall not contain any other SEI message with payloadType not equal to 0 (buffering

period) or 1 (atlas frame timing).

Let prevAclNalUnitInAu of an SEI NAL unit or an SEI message be the preceding ACL NAL unit in decoding
order, if any, in the same access unit, and nextAclNalUnitInAu of an SEI NAL unit or an SEI message be
the next ACL NAL unit in decoding order, if any, in the same access unit.
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It is a requirement of bitstream conformance that the following restrictions apply on decoding order of
SEI messages:

— When a buffering period SEI message is present in an access unit, it shall not follow any other SEI

message that follows the prevAclNalUnitInAu of the buffering period SEI message and precedes the
nextAclNalUnitInAu of the buffering period SEI message.

When an atlas frame timing SEI message is present in an access unit, it shall not follow any other SEI
message that follows the prevAclNalUnitInAu of the atlas frame timing SEI message and precedes

the nextAcINalUnitInAu of the atlas frame timing SEI message.

— When payloadType is equal to 0 (buffering period) or 1 (atlas frame timing), the SEI NAL
containing the SEI message shall precede all NAL units of any atlas unit that has nal_layer_idigy

all the operation points that the SEI message applies to.

the opetjation point that has OpTid equal to the greatest value of nal_temporal_id_plus1l amo
ACL NAL units in the bitstream, and that has OpLayerldList containing/all-values of nal_layer
all ACL ynits in the bitstream..

unit
eater

ighestAppLayerld, where highestAppLayerld is the greatest value of nal_layer_id:.of alll the

ies to
ng all
| id in

— For an SEI message, when payloadType is equal to 1 (atlas frame timing), the SEI message appllies to

the opetjation point that has OpTid equal to the greatest valueof nal_temporal_id_plus1l amo
ACL NAL units in the bitstream, and that has OpLayerldListieontaining all values of nal_layer
all ACL ynits in the bitstream.

It is a requirpment of bitstream conformance that the follewing restrictions apply on the values o
layer_id and [Temporalld of SEI NAL units:

— When aip SEI message has payloadType equal to'0 or 1 the SEI NAL unit containing the SEI me
shall haye nal_layer_id equal to 0.

In the follow]ing subclauses of this annex, the)following applies:
— The curtent SEI message refers to the particular SEI message.
— The curfent access unit refers to the access unit containing the current SEI message.

In the followjing subclauses of this annex, when a particular SEI message applies to a set of one or
maps (insteqd of a set of operation points), i.e., when the payloadType value is not equal to on
(buffering period) and Is(atlas frame timing), the following applies:

— The semjantics apply independently to each unit the particular SEI message applies.

In the followjing subclauses of this annex, when a particular SEI message applies to a set of one or

ng all
| id in

f nal_

5sage

more
b of 0

more

operation paints (instead of a set of one or more maps). i.e., when the payloadType value is equ

lto 0

(buffering period) or 1 (atlas frame timing), the following applies:

— The semantics apply independently to each particular operation point of the set of operation points

to which the particular SEI message applies.
— The current operation point refers to the particular operation point.

— The terms "access unit" and "CAS" apply to the bitstream BitstreamToDecode that is the
bitstream of the particular operation point.

F.3.2 Filler payload SEI message semantics

This SEI message contains a series of payloadSize bytes of value 0xFF, which can be discarded.

sub-
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F.3.3 User data registered by Recommendation ITU-T T.35 SEI message semantics

This SEI message contains user data registered as specified in Recommendation ITU-T T.35, the

contents of which are not specified in this document.

itu_t_t35_country_code shall be a byte having a value specified as a country code by Recommendation

ITU-T T.35:2000, Annex A.

itu_t_t35_country_code_extension_byte shall be a byte having a value specified as a cou
Recommendation ITH-T T 35:2000 Annex B

ntry code by

itu_t
ITU-T

[t35_payload_byte shall be a byte containing data registered as specified in Reéco
T.35.

The I
first

TU-T T.35 terminal provider code and terminal provider oriented code shall be cont
bne or more bytes of the itu_t_t35_payload_byte, in the format specified by the Ad
that issued the terminal provider code. Any remaining itu_t_t35_payload Byte data shall be
syntgdx and semantics as specified by the entity identified by the ITU-T-T.35 country code
provider code.

F.3.4] User data unregistered SEI message semantics

This
the c

SEI message contains unregistered user data identifi€éd by a universal unique ident
ntents of which are not specified in this document.

uuid
1SO/1

[iso_iec_11578 shall have a value specified®as a UUID according to the pr
EC 11578:1996, Annex A.

user|data_payload_byte shall be a byte containing data having syntax and semantics as
the UUID generator.

F.3.5| Recovery point SEI message semantics

The 1
prod

ecovery point SEI message assists a decoder in determining when the decoding
ce acceptable atlas frames for reconstruction and display after the decoder initi
or after the encoder indicates a broken link in the CAS. When the decoding proce

in content untilthe indicated recovery point, and the operation of the decoding process st
atlas[frame.associated with the recovery point SEI message may contain references to atla
relate¢d yideo data that might be unavailable for prediction.

mmendation

ained in the
ministration
data having
ind terminal

ifier (UUID),

ocedures of

specified by

process will
htes random
ss is started

all decoded
message are
d by random
bt be correct
arting at the
5 frames and

In adHitt

the decoder

the location of some atlas framés in_the bitstream that can result in serious visual artefacts when

reconstructed and displayed, because of potentially missing references.

NOTE 1

The broken_link_flag can be used by encoders to indicate the location of a point after which the

decoding process for the decoding of some atlas frames can cause references to information that, though
available for use in the decoding process, is not the information that was used for reference when the bitstream
was originally encoded (e.g., due to a splicing operation performed during the generation of the bitstream).

When random access is performed to start decoding from the access unit associated with the
recovery point SEI message, the decoder operates as if the associated atlas frame was the first
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atlas frame in the bitstream in decoding order, and the variables prevAtlasFrmOrderCntLsb and
prevAtlasFrmOrderCntMsb used in the derivation of AtlasFrmOrderCntVal are both set equal to 0.

NOTE 2  When HRD information is present in the bitstream, a buffering period SEI message can be associated
with the access unit associated with the recovery point SEI message in order to establish initialization of the
HRD buffer model after a random access.

Any ASPS or AFPS RBSP that is referred to by an atlas frame associated with a recovery point SEI
message or by any atlas frame following such an atlas frame in decoding order shall be available to the
decoding process prior to its activation, regardless of whether or not the decoding process is started
at the beginning of the bitstream or with the access unit, in decoding order, that is associated with the
recovery point SEI message.

recovery_afoc_cnt specifies the recovery point of decoded atlas frames in output order. If)there is
an atlas frame aFrmA that follows the current atlas frame (i.e., the atlas frame associated’with the
current SEI [message) in decoding order in the CAS and that has AtlasFrmOrderCntVdhequal tjo the
AtlasFrmOrderCntVal of the current atlas frame plus the value of recovery_afoc_cnt, the atlas frame
aFrmA is referred to as the recovery point atlas frame. Otherwise, the first atlas frame in output prder
that has AtlasFrmOrderCntVal greater than the AtlasFrmOrderCntVal of the cuyirént atlas frame plus
the value of recovery_afoc_cnt is referred to as the recovery point atlas frame-The recovery point atlas
frame shall phot precede the current atlas frame in decoding order. All decéded atlas frames in output
order are indicated to be correct or approximately correct in content-starting at the output prder
position of ghe recovery point atlas frame. The value of recovery_afgc.ent shall be in the rangg of -
MaxAtlasFrinOrderCntLsb / 2 to MaxAtlasFrmOrderCntLsb / 2 - 1, énclusive.

exact_match_flag indicates whether decoded atlas frames at aiid subsequent to the specified recpvery
point in output order derived by starting the decoding progess’at the access unit associated with the
recovery pojnt SEI message will be an exact match to the atlas frames that would be produced by
starting the|decoding process at the location of a previeus IRAP coded atlas access unit, if any, in the
bitstream. The value 0 indicates that the match maytot be exact and the value 1 indicates that the
match will be exact. When exact_match_flag is equalto 1, it is a requirement of bitstream conformiance
that the decgded atlas frames at and subsequentta'the specified recovery point in output order derived
by starting the decoding process at the access.unit associated with the recovery point SEI message shall
be an exact match to the atlas frames that would be produced by starting the decoding process at the
location of ajprevious IRAP coded atlas access unit, if any, in the bitstream.

When exact Jmatch_flag is equal to 0 the quality of the approximation at the recovery point is chogen by
the encoding process and is not spécified in this document.

broken_link_flag indicates.the/presence or absence of a broken link in the atlas data unit stream at the
location of the recovery point'SEI message and is assigned further semantics as follows:

— If brokep_link_flagis equal to 1, atlas frames produced by starting the decoding process 4t the
location|of a previous IRAP coded atlas access unit may contain undesirable visual artefacts to the
extent that decoded atlas frames at and subsequent to the access unit associated with the recpvery
point SHI«nessage in decoding order should not be reconstructed and displayed until the spertified
recovery pointimoutput OTder:

— Otherwise (broken_link_flag is equal to 0), no indication is given regarding any potential presence
of visual artefacts.

Regardless of the value of the broken_link_flag, atlas frames subsequent to the specified recovery point
in output order are specified to be correct or approximately correct in content.

F.3.6 No reconstruction SEI message semantics

The no reconstruction SEI message indicates that the current atlas frame should not be used for
reconstruction and that no V3C volumetric frame should be reconstructed and displayed using this
atlas frame.
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The reserved SEI message consists of data reserved for future backward-compatible use by ISO/IEC.
It is a requirement of bitstream conformance that bitstreams shall not contain reserved SEI messages
until and unless the use of such messages has been specified by ISO/IEC. Decoders shall ignore reserved

SEI messages.

reserved_sei_message_payload_byte is a byte reserved for future use by ISO/IEC.
F.3.8 SEI manifest SEI message semantics

The > st SE ssage co eyvsinformation on SEl messages
likelyj) to be present or not present. Such information may include:

a)

[he indication that certain types of SEI messages are expected (i.e., likely) to bie| prese
ot guaranteed to be present) in the CAS.

b) Hor each type of SEI message that is indicated as expected (i.e., likely) to-be present in
degree of expressed necessity of interpretation of the SEI messages of this type.
The dlegree of necessity of interpretation of an SEI message type/nay be indicated as

"unng¢cessary”, or "undetermined".

c) The indication that certain types of SEI messages are expected (i.e., likely) not tq
(plthough not guaranteed not to be:present) in the CAS.
The dontent of an SEI manifest SElxmessage may, for example, be used by transport-layer]

layer|processing elements to detérmine whether the CAS is suitable for delivery to a r
decodling system, based on whether the receiving system can properly process the CAS
adequate user experience or whether the CAS satisfies the application needs.

Whe
shall
order
mess

I an SEI manifest’'SEI'message is present in any access unit of a CAS, an SEI manifest
be present in the first access unit of the CAS. The SEI manifest SEI message persists
from the current access unit until the end of the CAS. When there are multiple SEI

hges preséntin a CAS, they shall have the same content.

manij
provi

fest_fium_sei_msg_types specifies the number of types of SEI messages for which in
ed in'the SEI manifest SEI message.

xpected (i.e.,

nt (although

the CAS, the

"necessary",

y" when the
the decoder
experience;
conforming
b considered
typically be

be present

or systems-
pceiving and
to enable an

SEI message
in decoding
manifest SEI

formation is

manifest_sei_payload_type[ i | indicates the payloadType value of the i-th type of SEI
which information is provided in the SEI manifest SEI message. The values of manifest_

message for
sei_payload_

type[ m ] and manifest_sei_payload_type[ n ]Jshall not be identical when m is not equal to n.

manifest_sei_description|[ i ] provides information on SEI messages with payloadType equal to

manifest_sei_payload_type[i] as specified in Table F.3.

Table F.3 — manifest_sei_description| i ] values

Value Description
0 Indicates that there is no SEI message with payloadType equal to
manifest_sei_payload_type[ i ] expected to be present in the CAS.
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Table F.3 (continued)

Value Description
Indicates that there are SEI messages with payloadType equal to
1 manifest_sei_payload_type[i] expected to be presentin the CAS, and
these SEI messages are considered as necessary.
Indicates that there are SEI messages with payloadType equal to
2 manifest_sei_payload_type[i] expected to be presentin the CAS, and
these SEI messages are considered as unnecessary.
Indicates that there are SEI messages with payloadType equal to man-
3 ifest_sei_payload_type[ i] expected to be present in the CAS, and the
TIECESSItY Of TNESE SEI Messages 1s undetermined.
4-255 Reserved

The value of manifest_sei_description|[ i | shall be in the range of 0 to 3, inclusive,(in.bitstr

conforming
for future ug
equal to 4 tq
sei_payload |
SEI message

description]|i

F3.9 SEI]

o this edition of this document. Other values for manifest_sei_descriptionf\i’] are res
e by ISO/IEC. Decoders shall allow the value of manifest_sei_descriptionf{1)]| greater th

type[ i ] signalled in the SEI manifest SEI message and shall ignore all’' SEI prefix indid
5 with prefix_sei_payload_type equal to manifest_sei_payload_type[ i | when manifes
] is greater than or equal to 4.

prefix indication SEI message semantics

The SEI preflix indication SEI message carries one or more SEl-pfefix indications for SEI message
particular value of payloadType. Each SEI prefix indicationds & bit string that follows the SEI pa|
syntax of that value of payloadType and contains a number.of complete syntax elements starting
the first syntax element in the SEI payload.

Each SEI prefix indication for an SEI message of a particular value of payloadType indicates that g
more SEI mgssages of this value of payloadType are expected (i.e., likely) to be present in the CA
to start with the provided bit string. A startingbit string would typically contain only a true sub
an SEI payldad of the type of SEI message indicated by the payloadType, may contain a complef
payload, and shall not contain more than a complete SEI payload. It is not prohibited for SEI messa
the indicatedl value of payloadType to.b€ present that do not start with any of the indicated bit str

These SEI pr
is needed on
processing d
content) ind
language.

The content

bfix indications should provide sufficient information for indicating what type of proce
what type of content is included. The former (type of processing) indicates decode
apability, e.g., whether some type of post-filtering process is needed. The latter (ty
icates, for example, whether the bitstream contains subtitle captions in a part

of an_SEVprefix indication SEI message may, for example, be used by transport-lay
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In one example, for user data registered SEI messages that are used to carry captioning information, an
SEI prefix indication should include up to at least the language code; and for user data unregistered SEI
messages extended for private use, an SEI prefix indication should include up to at least the UUID.

When an SEI prefix indication SEI message is present in any access unit of a CAS, an SEI prefix indication
SEI message shall be present in the first access unit of the CAS. The SEI prefix indication SEI message
persists in decoding order from the current access unit until the end of the CAS. When there are
multiple SEI prefix indication SEI messages present in a CAS for a particular value of payloadType, they
shall have the same content.

prefix_sei_payload_type indicates the payloadType value of the SEI messages for which one or more
SEI prefix indications are provided in the SEI prefix indication SEI message. When an SEI manifest
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SEI message is also present for the CAS, the value of prefix_sei_payload_type shall be equal to one of
the manifest_sei_payload_type[ m ] values for which manifest_sei_description[ m ] is equal to 1 to 3,
inclusive, as indicated by an SEI manifest SEI message that applies to the CAS.

num_sei_prefix_indications_minus1 plus 1 specifies the number of SEI prefix indications.

num_bits_in_prefix_indication_minus1[ i | plus 1 specifies the number of bits in the i-th SEI prefix
indication.

sei_prefix_data_bit[i][j ] specifies the j-th bit of the i-th SEI prefix indication.

The bits sei_prefix_data_bit[ i ][ j ] for j ranging from 0 to num_bits_in_prefix_indication_minus1][ i ],

inclu
contg
synta
thesd

b1ve, follow the syntax of the SEI payload with payloadType equal to prefix_sei_paylg
in a number of complete syntax elements starting from the first syntax element inthe
x, and may or may not contain all the syntax elements in the SEI payload syntax. T
bits (i.e., the bit sei_prefix_data_bit[ i ][ num_bits_in_prefix_indication_minus1]i] ]]

last it of a syntax element in the SEI payload syntax, unless it is a bit within an{itu_t_t35_

or us

NOTE
synta
such ¢

byte]
F3.1
This

be sK
bitsti

br_data_payload_byte.

The exception for itu_t_t35_payload_byte and user_data_payload_byte is provided h
k elements can contain externally-specified syntax elements, and the determination of the
xternally-specified syntax elements is a matter outside the scope of'this document.

alignment_bit_equal_to_one shall be equal to 1.

0 Active sub-bitstreams SEI message semantics

bEI message informs the V3C decoder which attributes or maps are not available and ¢
ipped in the decoding process. Similarly, it \can also inform the decoder that ay
eam are not available. This is done by signalling changes to active attributes/maps

the

contg
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xiliary sub-bitstreams are active or,mot. An active sub-bitstreams SEI message
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decoding or rendering process;-or both.
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and sfibset of maps to be active ‘at/any given time.

The

persistence scope-for this SEI message is the remainder of the bitstream (i.e., t
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enco
and i
be ig

e attributes persist until the end of the stream) or when a new active attributes SE
ntered. Previously defined parameters from an earlier SEI message shall persist if
the value‘pfiasb_active_sub_bitstream_cancel_flag is not equal to 1. This SEI messag
ored by the decoder.
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active_sub_bitstream_cancel_flag equal to 0 indicates that some sub-bitstreams may not be active.

asb_active_attributes_changes_flag indicates whether there are activation changes for any of the
attribute sub-bitstreams of the V3C stream. asb_active_attributes_changes_flag equal to 1 indicates an
activation change for at least one attribute and its associated sub-bitstreams. asb_active_attributes_
changes_flag equal to 0 indicates no changes.

asb_active_maps_changes_flag indicates whether there are activation changes for any of the V3C map
sub-bitstreams. asb_active_maps_changes_flag equal to 1 indicates an activation change for at least one
map and its associated sub-bitstreams. asb_active_maps_changes_flag equal to 0 indicates no changes.

asb_auxiliary_sub_bitstreams_active_flag indicates whether the auxiliary sub-bitstreams for the
geometry and all attributes are active or not. asb_auxiliary_sub_bitstreams_active_flag equal to 1

© ISO/IEC 2021 - All rights reserved 201


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

indicates that such sub-bitstreams are active. asb_auxiliary_sub_bitstreams_active_flag equal to 0
indicates that such sub-bitstreams are not active.

asb_all_attributes_active_flag indicates whether all the attributes signalled in the referenced VPS
shall be active. asb_all_attributes_active_flag equal to 1 indicates that all attributes shall be active. asb_
all_attributes_active_flag equal to 0 indicates that only a sub-set of the attributes may be active.

asb_active_attribute_count_minus1 plus 1 indicates the number of active attributes signalled in the
active sub-bitstreams SEI message.

asb_active_attribute_idx][ i ] indicates the attribute index in the VPS for the active attribute at index i

in the associated SEI message.

asb_all_mall»s_active_flag indicates whether all the maps signalled in the referenced VPSsh

active. asb_a
flag equal to

asb_active_|]
bitstreams §

asb_active_
SEI message
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This SEI me
sub-bitstrea
codec index
be unique. T
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1l_maps_active_flag equal to 1 indicates that all maps shall be active. asb_all_maps_a
0 indicates that only a sub-set of the maps may be active.

map_count_minus1 plus 1 indicates the number of active maps signalled’ini the active
El message.

map_idx[ i] indicates the map index in the VPS for the active map atindexiin the assoc

ponent codec mapping SEI message semantics

ssage informs the V3C decoder of the codec mapping for the codec ids of the comp
s signalled in the VPS. Each component sub-bifsfream codec id is mapped to a sp
in a codec lookup table. The codec ids for the.component sub-bitstreams in the VPS
he component codec mapping SEI message shall'be used to signal the initial codec ma
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The semantics of the fields of the component codec mapping SEI message are as follows:

ccm_component_codec_cancel_flag indicates whether the component codec mapping should be reset
to the default mapping defined by the CodecGroup profile type for the bitstream. ccm_component_
codec_cancel_flag equal to 1 indicates that the component codec mapping should be reset to the default
mapping defined by the CodecGroup profile type for the bitstream. ccm_component_codec_cancel_flag
equal to 0 indicates that the component codec mapping for some components may be updated.

ccm_codec_mappings_count_minus1 plus 1 indicates the number of codec mappings that are listed in
this SEI message.

ccm_codec_id is the codec id that is to be mapped to a particular 4CC codec. This codec id may be
associated with one or more of the sub-bitstreams in a V3C bitstream, as specified within the active VPS.
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ccm_codec_4cc| j ] is the four-character code (4CC) for the codec mapped to the codec id of value j. The
codec code shall be a registered code according to ISO/IEC 14496-12.

F3.1

2 Volumetric annotation SEI messages family syntax

F.3.12.1 Scene object information SEI message semantics

F.3.12.1.1 General

This SEI message defines a set of objects that may be present in a volumetric scene, and optionally

assig

s different prnpnrﬁnc to these nhjpr‘fc These nh}'p{‘fe could then pnfpnfiq”y be ass

ciated with

diffey
using

Lett
appli

ent types of information, including patches and 2D volumetric rectangles that ma
the patch information and volumetric rectangle information SEI messages.

1e variable MaxNumObjectsTracked be set equal to either 216 - 1 or a value detern
Cation.

Let the variable MaxObjectNumDependencies be set equal to 15.

NOTE
requi

At th

OO0 0

—

are i1

-

}

wher

y be defined

hined by the

he 2D array ObjectDependencylndex;-of size

NlaxNumObjectsTracked x MaxObjéctNumDependencies,

itialized as follows:
br (1= 0; i < MaxNumOhjectsTracked; i++) {

ObjectIndex[i] =i
Objectlnit( Objectindex[i])

e the function\Objectlnit( ) is defined in the subclause F.3.12.1.2.

soi_persistence_flag specifies the persistence of the scene object information SEI meg

currg
appli

nt layer. soi_persistence_flag equal to 0 specifies that the scene object information
bsto.the current decoded atlas frame only.

An application can limit the value of the variable MaxNumObjectsTracked so as to fonstrain the
‘ed memory.
e start of each sequence,
he 1D arrays Objectindex, ObjectTracked; “~ObjectLabellndex, ObjectPfriorityValue,
bjectHiddenFlag, ObjectNumDependencies, ObjectVisibilityDirectionX, ObjectVisibilityDirectionY,
bjectVisibilityDirectionZ, ObjectVisibilityAnglef@bject3DBoundingBoxX, Object3DBgundingBoxY,
bject3DBoundingBoxZ, Object3DBoundingBoxSizeX, ObjectSDBounﬂingBoxSizeY,
bject3DBoundingBoxSizeZ, ObjectCollisionShapelD, ObjectPointShapelD, ObjectPdintSize, and
bjectMateriallD, of size MaxNumObjectsTracked, and

sage for the
SEI message

Let aFrmA be the current atlas frame. soi_persistence_flag equal to 1 specifies that the scene object
information SEI message persists for the current layer in output order until any of the following
conditions are true:

— A new CAS begins.

The bitstream ends.

— An atlas frame aFrmB in the current layer in a coded atlas access unit containing a scene object
information SEI message with the same value of soi_persistence_flag and applicable to the current
layer is output for which AtlasFrmOrderCnt( aFrmB ) is greater than AtlasFrmOrderCnt( aFrmA ),
where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA ) are the AtlasFrmOrderCntVal
values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process
for atlas frame order count for aFrmB.
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soi_reset_flag indicates that all arrays associated with the scene object information SEI message are
reset as follows:

for (i=0; i< MaxNumObjectsTracked; i++) {
Objectindex[i] =i
ObjectInit( ObjectIndex[i])

}

soi_num_object_updates indicates the number of objects that are to be updated by the current SEI
message. The value of soi_num_object_updates shall be in the range from 0 to MaxNumObjectsTracked,
inclusive. The default value of soi_num_object_updates is equal to 0.

soi_simple_pbjects_flag equal to 1 indicates that no additional information for an updated ox_pewly
introduced pbject will be signalled. soi_simple_objects_flag equal to 0 indicates that additional
information [for an updated or newly introduced object may be signalled.

soi_object_label_present_flag equal to 1 indicates that object label information_is\present ip the
current scerje object information SEI message. soi_object_label_present_flag equatt® 0 indicate$ that
object label information is not present.

soi_priority present_flag equal to 1 indicates that priority information is present in the current scene
object inforrhation SEI message. soi_priority_present_flag equal to 0 indicates that priority infornjation
is not preserit.

soi_object_hidden_present_flag equal to 1 indicates that hidden ebject information is present in the
current scene object information SEI message. soi_object_hidden,/present_flag equal to 0 indicatep that
hidden objedt information is not present.

soi_object_dependency_present_flag equal to 1 indicates that object dependency information is
present in the current scene object information SEI message. soi_object_dependency_present_flag pqual
to 0 indicates that object dependency information isxiet present.

soi_visibility_cones_present_flag equal to 1.indicates that visibility cones information is pres¢nt in
the current gcene object information SEI message. soi_visibility_cones_present_flag equal to 0 indicates
that visibility cones information is not presért.

soi_3d_bounding_box_present_flag.egqual to 1 indicates that 3D bounding box information is priesent
in the current scene object information SEI message. soi_3d_bounding_box_present_flag equal to 0
indicates thgt 3D bounding box information is not present.

soi_collision_shape_present-flag equal to 1 indicates that collision information is present ip the
current scerje object information SEI message. soi_collision_shape_present_flag equal to 0 indjcates
that collision) shape information is not present.

soi_point_style_present_flag equal to 1 indicates that point style information is present in the cyrrent
scene object|information SEI message. soi_point_style_present_flag equal to 0 indicates that poinf|style
information[i$\het present.

soi_material_id_present_flag equal to 1 indicates that material ID information is present in the
current scene object information SEI message. soi_material_id_present_flag equal to 0 indicates that
material ID information is not present.

soi_extension_present_flag equal to 1 indicates that additional extension information shall be present
in the current scene object information SEI message. soi_extension_present_flag equal to 0 indicates
that additional extension information is not present. It is a requirement of bitstream conformance to
this edition of this document that soi_extension_present_flag shall be equal to 0.

soi_3d_bounding_box_scale_log2 indicates the scale to be applied to the 3D bounding box parameters
that may be specified for an object.

soi_log2_max_object_idx_updated_minus1 plus 1 specifies the number of bits used to signal the
value of an object index in the current scene object information SEI message.
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soi_log2_max_object_dependency_idx specifies the number of bits used to signal the value of a
dependency object index in the current scene object information SEI message. The default value of soi_
log2_max_object_dependency_idx is equal to 0.

soi_object_idx[ i ] indicates the object index of the i-th object to be updated. The number of bits used to
represent soi_object_idx[ i ] is equal to soi_log2_max_object_idx_updated_minus1 + 1.

soi_object_cancel_flag[ i | equal to 1 indicates that the object with index equal to i shall be canceled
and that the variable ObjectTracked] i ] shall be set to 0. Furthermore, all of its associated parameters,
including the object label, 3D bounding box parameters, priority information, hidden flag, dependency
information, visibility cones, collision shapes, point style and material id, shall be reset by invoking the

func

aTa¥a nh}'nrflnif( 1 ) SOl nh}'nrf cancel F]ag[ 1 ] onln:x] toQindicatesthatthe nh}'nrf with i

dex equal to

Soi_o
Objed

bject_idx[ i] shall be updated with information that follows this element and that that
tTracked[i] shall be set to 1.

SOi_

for a(lb

upda

ject_label_update_flag[ i | equal to 1 indicates that object label update informati
object with object index i. soi_object_label_update_flag[ i ] equal to 0 jndicates thaf
'e information is not present.

soi_object_label_idx[ i ] indicates the label index, ObjectLabellndex][ i-], 6f an object with
valug of soi_object_label_idx[ i ] shall be in the range from 0 to MaxNumObjectsTracked - 1

soi_priority_update_flag[ i ] equal to 1 indicates that priority/update information is|

information is not present.

soi_priority_value[ i | indicates the priority, ObjectPriorityValue[ i ], of an object with
lowert the priority value, the higher the priority. The default value of soi_priority_value[i] i

soi_object_hidden_flag[ i ] indicates the value“of ObjectHiddenFlag[ i | of an object ¥
soi_opject_hidden_flag[ i ] equal to 1 indicates-that the object with index i shall be hidder]
hiddgn_flag[ i ] equal to 0 indicates that the\object with index i shall become present.

soi_dbject_dependency_update_flagf\i ] equal to 1 indicates that object depende
information is present for an objectwith object index i. soi_object_dependency_update_flag
0 indjcates that object dependency-update information is not present.

soi_object_num_dependencies| i | indicates the value of ObjectNumDependencies[i] of a
indeX i, which specifies the number of object dependencies for the object with index i.

_object_dependengy_idx[ i ][ j ] indicates the value of ObjectDependencylndex| i ][ j
that has a dependency with the object with object index i.

the variable

n is present
object label

index i. The
, inclusive.
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r
an oxﬂyject with object index i. soi_priority_update_flag[ i ].equal to 0 indicates that object priority

index i. The
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shall be in the range of - 214 to 214, inclusive. The default value of soi_direction_x[ i] is equal to 214,

The value of ObjectVisibilityDirectionX] i | is computed as follows:

ObjectVisibilityDirectionX[ i ] = soi_direction_x[i] + 214

soi_direction_y[ i ] specifies the normalized y-component value, ObjectVisibilityDirectionY[ i ], of the
direction vector for the visibility cone of an object with object index i. The value of soi_direction_y|[ i ]
shall be in the range of - 214 to 214, inclusive. The default value of soi_direction_y[ i ] is equal to 214.

The value of ObjectVisibilityDirectionY[ i ] is computed as follows:

ObjectVisibilityDirectionY[ i ] = soi_direction_y[ i ] + 214
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soi_direction_z[ i ] specifies the normalized z-component value, ObjectVisibilityDirectionZ][ i ], of the
direction vector for the visibility cone of an object with object index i. The value of soi_direction_z[ i ]
shall be in the range of =214 to 214, inclusive. The default value of soi_direction_z[ i] is equal to 214.

The value of ObjectVisibilityDirectionZ[ i ] is computed as follows:
ObjectVisibilityDirectionZ[ i ] = soi_direction_z[i] + 214

soi_angle[ i ] indicates the angle, ObjectVisibilityAngle[ i ], of the visibility cone along the direction
vector in degrees. The value of soi_angle[ i ] shall be in the range of 0 to 216 - 1, inclusive. The default
value of soi_angle[ i] is equal to 216 - 1.

The value of[ObjectVisibilityAngle[ 1 [ is computed as follows:
ObjectVisibilityAngle[ i ] = (soi_angle[i] + (216-1))* 180

soi_3d_bounding_box_update_flag[ i | equal to 1 indicates that 3D bounding box informatjon is
present for gn object with object index i. soi_3d_bounding_box_update_flag[ i | equal®¢-0 indicatef that
3D bounding box information is not present.

soi_3d_bounding_box_x] i | specifies the quantized x coordinate value of thé origin position of the 3D
bounding box of an object with index i. The default value of soi_3d_bounding/box_x[i] is equal to|0.

soi_3d_bounding_box_y[ i ] specifies the quantized y coordinate value-of the origin position of the 3D
bounding box of an object with index i. The default value of soi_3d_bounding_box_y[ i | is equal to|0.

soi_3d_bounding_box_z[ i | specifies the quantized z coordinaté value of the origin position of the 3D
bounding box of an object with index i. The default value of si~3d_bounding_box_z[ i ] is equal to

e

soi_3d_bounding_box_size_x[ i | specifies the quantized)size of the bounding box on the x axis|of an
object with index i. The default value of soi_3d_bounding_box_size_x[i] is equal to 0.

soi_3d_bounding_box_size_y[ i | specifies the quantized size of the bounding box on the y axis|of an
object with index i. The default value of soi_3d:bounding_box_size_y[i] is equal to 0.

soi_3d_bounding_box_size_z[ i | specifies‘the quantized size of the bounding box on the z axis|of an
object with index i. The default value of $6i3d_bounding_box_size_z[ i] is equal to 0.

The bounding box origin and size foran object with index i are computed as follows:

Object3DBoyindingBoxX[i] =
Object3DBoundingBoxY[ i |=
Object3DBoyndingBoxZ[ 1] =
Object3DBoyindingBoxSizeX|
Object3DBoyindingBoxSizeY|
Object3DBoyindingBoxSizeZ][

s0i*3d_bounding_box_x[ i ] << soi_3d_bounding_box_scale_log2
soi_3d_bounding_box_y[i] << soi_3d_bounding_box_scale_log2
soi_3d_bounding_box_z[ i ] << soi_3d_bounding_box_scale_log2
i] =soi_3d_bounding_box_size_x[ i | << soi_3d_bounding_box_scale|log?2
i] =so0i_3d_bounding_box_size_y[i] << soi_3d_bounding_box_scale Jlog?2
i] =so0i_3d_bounding_box_size_z[ i | << soi_3d_bounding_box_scale_Jlog2

soi_collision_ shape_update_flag| i | equal to 1 indicates that collision shape update informatjon is
present for an object with object index i. soi_collision_shape_update_flag[ i | equal to 0 indicates that
collision shape update information is not present.

soi_collision_shape_id[ i ] indicates the collision shape ID, ObjectCollisionShapelD[ i ], of an object with
index i. The collision shape ID is identified through means outside this document. The default value of
soi_collision_shape_id[ i ] is equal to 0.

soi_point_style_update_flag| i | equal to 1 indicates that point style update information is present for
an object with object index i. soi_point_style_update_flag[ i ] equal to 0 indicates that point style update
information is not present.

soi_point_shape_id][ i ] indicates the point shape ID, ObjectPointShapelDJ[ i ], of an object with index i.
The default value of soi_point_shape_id[ i ] is equal to 0. The value of soi_point_shape_id[ i ] shall be in
the range of 0 to 2, inclusive in bitstreams conforming to this edition of this document. Other values of
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soi_point_shape_id[ i ] are reserved for future use by ISO/IEC. Decoders conforming to this edition of
this document shall ignore reserved values of soi_point_shape_id[ i ]. See Table F.4.

Table F.4 — soi_point_shape_id[ i ] values

value Description
0 Circle
1 Square
2 Diamond
3..255 Reserved

soi_]Joint_size[ i ] indicates the point size, ObjectPointSize|[ i ], of an object with index‘i| The default
value of soi_point_size[ i ] is equal to 1.

soi_ﬂlaterial_id_update_flag[ i] equal to 1 indicates that material ID update information is present for
an object with object index i. soi_point_style_update_flag[ i ] equal to 0 indicates-that point|style update
information is not present.

soi_material_id[ i | indicates the material ID, ObjectMateriallD[ i ] of an pbject with index {. The default
value of soi_material_id[ i ] is equal to 0. The material ID is identified through means|outside this
document.

F.3.12.1.2 Object initialization
Let the function ObjectInit( k ) be defined as follows:

dbjectlnit( k) {

ObjectTracked[ k] =0

ObjectLabellndex[ k] =0

ObjectPriorityValue[ k] =0

ObjectHiddenFlag[ k] =0

ObjectNumDependencies[ k ] =0

for (j = 0;j < MaxObjectNuniDependencies; j++ ) {
ObjectDependencylndex[ k][j] =0

}
ObjectVisibilityDirectionX[ k] =1
ObjectVisibilityDirectionY[ k] =1
ObjectVisibilityDirectionZ[ k] =1
ObjectVisibilityAngle[ k ] = 18
Object3DBoundingBoxX[ k
Object3DBoundingBoxY[ k
Objéct3DBoundingBoxZ[ k
QObject3DBoundingBoxSize
Object3DBoundingBoxSizeY
j I OXSiZeZ
ObjectCollisionShapelD[ k |
ObjectPointShapelD[ k] =0
ObjectPointSize[ k] =0
ObjectMateriallD[ k] =0

T

}

F.3.12.2 Objectlabel information SEI message semantics

F.3.12.2.1 General

This SEI message defines a set of labels that could be associated with objects in a volumetric scene.
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Let the variable MaxNumLabels be set equal to either 216 - 1 or a value determined by the application.
NOTE An application can limit the value of the variable MaxNumLabels so as to constrain the required memory.
At the start of each sequence,

— the variable LabelLanguage, and

— the 1D arrays Labellndex, LabelSetFlag, and Label,

are initialized as follows:

nn

LabelLapguage=
for (i= (]); i < MaxNumlLabels; i++) {
Labg¢lindex[i] =i
Lab¢llnit( Labellndex[i])

}

where the function Labellnit( ) is defined in the subclause F.3.12.2.2.

oli_cancel_fllag equal to 1 indicates that the object label information SEI 'message cancels the
persistence pf any previous object label information SEI message in outputérder and sets all varfables
and arrays associated with the object label SEI message, as follows:

nn

LabelLanguage =
for (i=0; i < MaxNumLabels; i++) {
Lab¢lindex[i] =i
Labg¢llnit( Labellndex[i])
}

oli_label_lahguage_present_flag equal to 1 indicatesithat label language information is present |n the
object label [information SEI message. oli_label_language_present_flag equal to 0 indicates that|label
language infprmation is not present.

oli_bit_equ3l_to_zero shall be equal to 0.

oli_label_lahguage contains a language!tag, LabelLanguage, as specified by IETF RFC 5646 followed
by a null termination byte equal to 9x%00. The length of the oli_label_language syntax element shall be
less than or gqual to 255 bytes, not including the null termination byte.

oli_num_lahel_updates indicates the number of labels that are to be updated by the currert SEI
message. The value of oli_ntm_label_updates shall be in the range from 0 to MaxNumLabels, inclufsive.

oli_label_idk][ i | indicates the label index, Labellndex][ i ], of the i-th label to be updated. The value of
oli_label_idx] i ] shall be in the range from 0 to MaxNumLabels - 1, inclusive.

oli_label_capncel.flag[ i | equal to 1 indicates that all label information, for label with index i,|shall
be reset by Jnveking the function Labellnit( i ). oli_label_cancel_flag[ i ] equal to 0 indicates that the
label with index i shall be updated with information that follows this element and that the variable
LabelSetFlag[ i | shall be set to 1.

oli_bit_equal_to_zero shall be equal to 0.

oli_label[ i ] indicates the label, Label[ i ], of the i-th label. The length of the oli_label[ i | syntax element
shall be less than or equal to 255 bytes, not including the null termination byte. The default value of
oli_label[ i] is equal to "".

oli_persistence_flag specifies the persistence of the scene object information SEI message for the
current layer. oli_persistence_flag equal to 0 specifies that the object label information SEI message
applies to the current decoded atlas frame only.
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Let aFrmA be the current atlas frame. oli_persistence_flag equal to 1 specifies that the object label
information SEI message persists for the current layer in output order until any of the following
conditions are true:

A new CAS begins.

The bitstream ends.

— An atlas frame aFrmB in the current layer in a coded atlas access unit containing an object label

information SEI message, with eitheranoli_cancel_flagequalto 1 orthe same value of oli_

flag, applicable to the current layer is output for which AtlasFrmOrderCnt( aFrmB ) is

persistence_
greater than

AtlasFrmOrderCnt( aFrmA ), where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA )
re the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after the

ipvocation of the decoding process for atlas frame order count for aFrmB.

F.3.12.2.2 Label initialization

Let the function Labellnit( k ) be defined as follows:

Habellnit( k) {
LabelSetFlag[ k] =0
Label[ k] =""

}

F.3.12.3 Patch information SEI message semantics

F.3.12.3.1 General

This PEI message defines a table that indicates-the set of tiles and corresponding patches
presgnt in the current frame. These patches ¢an be assigned to one or more objects that me
in a vplumetric scene and which were previgusly defined through one or more scene object
SEI messages.

that may be
y be present
information

Let the variables MaxNumTiles, MaxNumPatches and MaxNumObjectsPerPatch be set equal to either
1024)216 - 1,and 216 - 1, respectjvely, or a value determined by the application in bitstream
to this document.

NOTH An application \\can limit the value of the variable MaxNumTiles, MaxNum
MaxNumObjectsPerPatchso as to constrain the required memory.

At the start of each.séquence,

—

he 2D agray PatchNumObjects, of size MaxNumTiles x MaxNumPatches, and

—

he 3D array PatchObjectIndex, of size MaxNumTiles x MaxNumPatches x MaxNumObje

5 conforming

Patches and

ctsPerPatch,

are lr Hializad ac faollawac:

T A C oo ToTovv o

for (i=0; i< MaxNumpTiles;i++){
Tilelnit(i)
}

where the function Tilelnit( ) is defined in the subclause F.3.12.3.2.

pi_persistence_flag specifies the persistence of the patch information SEI message for the current
layer. pi_persistence_flag equal to 0 specifies that the patch information SEI message applies to the
current decoded atlas frame only.
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LetaFrmA be the current atlas frame. pi_persistence_flag equal to 1 specifies that the patch information
SEI message persists for the current layer in output order until any of the following conditions are true:

— A new CAS begins.

The bitstream ends.

— Anatlas frame aFrmB in the currentlayerin a coded atlas access unit containing a patch information
SEI message with the same value of pi_persistence_flag and applicable to the current layer is
output for which AtlasFrmOrderCnt( aFrmB ) is greater than AtlasFrmOrderCnt( aFrmA ), where
AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA ) are the AtlasFrmOrderCntVal values

immediately after the invocation of the decodin

follows:

for (i=0; i< MaxNumpTiles; i++ ) {

Tile
}

pi_num_tile_

table by the
MaxNumTilg

pi_log2_ma
of a tracked

pi_log2_ma
of an update

pi_tile_id[ i

pi_tile_cang
function Tilg
the tile with

pi_num_pat
SEI messagsd
updates[i]

pi_patch_idk
that is to be

idx] tileID ][[i

ghall be in the rangefirom 0 to MaxNumPatches, inclusive.

nit(i)

updates indicates the number of tiles that are to be updated-in the patch inform
current SEI message. The value of pi_num_tile_updates shall be in the range fromn
s, inclusive.

k_object_idx_tracked_minus1 plus 1 specifies thenumber of bits used to signal the
bbject index in the current patch information SEl message.

k_patch_idx_updated_minus1 plus 1 specifiésithe number of bits used to signal the
d patch index in the current patch information SEI message.

specifies the tile ID for the i-th updated-tile in the current SEI message.

el_flag[ i ] equal to 1 indicates that the tile with index i shall be reset by invokin
Init( i ). pi_tile_cancel_flag[ i ] equal to 0 indicates that all patches previously assign
index i will be retained.

ch_updates| i ] indicatessthe number of patches that are to be updated by the cu
within the tile with index i in the patch information table. The value of pi_num_p

[ tileID ][ i ] indicates the patch index of the i-th patch in tile with tile ID equal to
updated insthe patch information table. The number of bits used to represent pi_p
] is equal€o pi_log2_max_patch_idx_updated_minus1 + 1.

pi_patch_c
indexiin ti

l¢ with'tile ID equal to tileID shall be reset from the patch information table by invokiy

!

cel-flag| tileID ][ i ] equal to 1 indicates that the information related to the patch

rocess for

ed as

ation
0 to

value

value

g the

ed to

rrent
atch_

tileID
atch_

with
g the

function Pateltnit{+ilelDi3-

pi_patch_number_of _objects_minus1[ tileID ][ i ] plus 1 indicates the number of objects,
PatchNumObijects| tileID ][ i ], that are to be associated with the patch with index i in tile with tile ID
equal to tileID. The value of pi_patch_number_of_objects_minus1] tileID ][ i ] shall be in the range from
0 to MaxNumObjectsPerPatch, inclusive.

pi_patch_object_idx] tileID ][ i ][ k ] indicates the k-th object index, PatchObjectIndex] tileID J[i ][ k],
that is associated with the i-th patch in tile with tile ID equal to tileID. The number of bits used to
represent pi_patch_object_idx] tileID ][ i ][ k ] is equal to pi_log2_max_object_idx_tracked_minus1 + 1.

F.3.12.3.2 Tile and patch initialization

Let the function Patchlnit( i, j ) be defined as follows:
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Patchlnit(i,j) {
PatchNumObjects[i][j]=0
for (k = 0; k < MaxNumObjectsPerPatch; k++ ) {
PatchObjectIndex[i][j][k]=0
}

}

Then, also the function Tilelnit( i) be defined as follows:

TileInit(i) {

for (j = 0; j < MaxNumPatches; j++ ) {
D:lfr‘h]nif( i,j )

}

}

F.3.12.4 Volumetric rectangle information SEI message semantics

F.3.12.4.1 General

This SEI message defines a table that indicates a set of volumetric/reetangles within an|atlas. These
volurhetric rectangles can be assigned to one or more objects that.may be present in a volumetric scene
and that were previously defined through one or more scene object information SEI messages.

Let the variables MaxNumRectangles and MaxNumObjectsPerRectangle be set equal to dither 216 - 1
and 216 - 1, respectively, or a value determined by thedapplication in bitstreams conforjming to this
document.

NOTE Anapplication canlimitthe value of the variableMaxNumRectangles and MaxNumObjectgPerRectangle
so as o constrain the required memory.

At the¢ start of each sequence,

— the 1D arrays  VriBoundingBoxTop,  VriBoundingBoxLeft, = VriBoundihgBoxWidth,
riBoundingBoxHeight and VriNumberOfObjects, of size MaxNumRectangles,

<

— the 2D array VriObjectIndex; of size MaxNumRectangles x MaxNumObjectsPerRectangle,
are injitialized as follows:

for (i=0;i < MaxNumRectangles; i++ ) {
Rectanglelnit(i)
}

wherg the function Rectanglelnit( ) is defined in the subclause F.3.12.4.2.

vri_persistence_flag specifies the persistence of the volumetric rectangle information SEl message for
the currént layer. vri persistence flag equal to 0 specifies that the volumetric rectangle|/information
SEI message applies to the current decoded atlas frame only.

Let aFrmA be the current atlas frame. vri_persistence_flag equal to 1 specifies that the volumetric
rectangle information SEI message persists for the current layer in output order until any of the
following conditions are true:

— Anew CAS begins.
— The bitstream ends.

— AnatlasframeaFrmBinthe currentlayerinacodedatlasaccessunitcontainingavolumetricrectangle
information SEI message with the same value of vri_persistence_flag and applicable to the current
layer is output for which AtlasFrmOrderCnt( aFrmB ) is greater than AtlasFrmOrderCnt( aFrmA ),
where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA ) are the AtlasFrmOrderCntVal

© ISO/IEC 2021 - All rights reserved 211


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23

090-5:2021(E)

values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process

for atlas

frame order count for aFrmB.

vri_reset_flag equal to 1 indicates that all entries in the volumetric rectangle information table of the
current atlas with atlas ID SeiAtlasID shall be initialized as follows:

for (i=0; i< MaxNumRectangles; i++ ) {
Rectanglelnit( i)

}

vri_num_rectangles_updates indicates the number of volumetric rectangles that are to be updated
by the current SEI message. The value of vri num rectangles updates shall be in the range from 0 to

MaxNumReg

vri_log2_max_object_idx_tracked_minus1 plus 1 specifies the number of bits used to signal-the

of a tracked

vri_log2_ma
value of an
message.

vri_rectang
volumetric 1
equal to (vr

vri_rectang
removed fro

vri_bounding_box_update_flag| i

volumetric 1
indicates th
updated.

vri_boundimg_box_top[ i | indicates the vertical coordinate value, VriBoundingBoxTop| i ], of th

left position
default value

tangles, inclusive.

bbject index in the current volumetric rectangle information SEI message.

px_rectangle_idx_updated_minus1 plus 1 specifies the number of bits\ised to sign

le_idx[ i ] indicates the i-th volumetric rectangle index that/is to be updated i

_log2_max_rectangle_idx_updated_minus1 + 1).

le_cancel_flag| i ] equal to 1 indicates that the volumetric rectangle with index i sh
In the volumetric rectangle information table by ifivoking the function Rectanglelnit(

] equal to 1 indicates~that 2D bounding box information fd
ectangle with index i should be updated.*vri_bounding_box_update_flag[ i ] equa
it 2D bounding box information for the~v@lumetric rectangle with index i should n

of vri_bounding_box_top[ i}.is’equal to 0.

vri_boundi
top-left posi
The default

vri_boundi
the i-th volu

vri_boundi
the i-th volu

1g_box_left[ i | indicatés)the horizonal coordinate value, VriBoundingBoxLeft[
ion of the bounding box of the i-th volumetric rectangle within the current atlas f
ralue of vri_bounding box_left[ i] is equal to 0.

g_box_width['-] indicates the width of the bounding box, VriBoundingBoxWidth][
etric rectangle. The default value of vri_bounding_box_width[i] is equal to 0.

g_box: height| i | indicates the height of the bounding box, VriBoundingBoxHeight[
etfigrectangle. The default value of vri_bounding_box_height[ i ] is equal to 0.

ectangle information table. The number of bits used to represent vri_rectangle_idx| i

of the bounding box of the i-th yolumetric rectangle within the current atlas framg.

value

h1 the

ipdated volumetric rectangle index in the current volumetric rectangle information SEI

qll be
i).
r the

to 0
ot be

e top-
The

i], of the

fame.

vri_rectangle-s oi-obje R : e he—nunbe jects,
VrlNumberOfOb]ects[ ] that are to be assoc1ated Wlth the i-th Volumetrlc rectangle The value of vri_
rectangle_number_of_objects_minus1[i] shallbeintherange from 0 to MaxNumObjectsPerRectangle-1,
inclusive.

vri_rectangle_object_idx[ i ][ j ] indicates the j-th object index that is associated with the i-th
volumetric rectangle, Vr10b]ectlndex[ i][j]- The number of bits used to represent vri_rectangle_object_
idx[ i]is equal to vri_log2_max_object_idx_tracked_minus1 + 1.

F.3.12.4.2 Rectangle initialization
Let the function Rectanglelnit( i) be defined as follows:

Rectanglelnit(i) {
VriBoundingBoxTop[i] =0
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VriBoundingBoxLeft[i] =

VriBoundingBoxWidth][ i ]

VriBoundingBoxHeight[ i ]

VriNumberOfObjects[i] =0

for (j = 0; j < MaxNumObjectsPerRectangle; j++ ) {
VriObjectindex[i][j] =0

}

0

0
=0

F.3.12.5 Atlas object association SEI message semantics

-5:2021(E)

This
be co
objed

Let t
bitsti

NOTE
memd

At th
— t
are ix

fi

}

aoa_]
curre

appli

Let a
assod
cond

— A

bE] message defines a mask that indicates the mapping between objects and atlases
htained in one or more atlases that describe a volumetric scene. Objects are definéed, th
t information SEI messages.

e variable MaxNumObjects be set equal to 216 - 1 or a value determined by the a
eams conforming to this document.

An application can limit the value of the variable MaxNumObjects $o as to constrain
ry.

p start of each sequence,

he 2D array ObjectInAtlas, of size MaxNumObjects x 64
itialized as follows:

r (i=0;i<MaxNumObjects; i++ ) {

for (j=0;j<64;i++){
ObjectInAtlas[i][j]=0
}

persistence_flag specifies the persistence of the atlas object association SEI mes
nt layer. aoa_persistence_flag«equal to 0 specifies that the atlas object association
s to the current decoded atlas frame only.

FrmA be the current atlas frame. aoa_persistence_flag equal to 1 specifies that the
iation SEI message\persists for the current layer in output order until any of t
tions are true:

new CAS begins.
he bitstféam ends.

n atlas frame aFrmB in the current layer in a coded atlas access unit containing an

T
— A
a

ssoeiation SEI message with the same value of aoa_persistence_flag and applicable t

Objects can
irough scene

pplication in

the required

sage for the
SEI message

atlas object
he following

atlas object
the current

layer is output for which AtlasFrmOrderCnt( aFrmB ] is greater than AtlasFrmOrderCnt( aFrmA ),
where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA ) are the AtlasFrmOrderCntVal
values of aFrmB and aFrmA, respectively, immediately after the invocation of the decoding process
for atlas frame order count for aFrmB.

aoa_reset_flag equal to 1 indicates that all entries in the atlas object association table shall be removed

as fol

lows:

for (i=0; i< MaxNumObjects; i++ ) {

for (j=0;j<64;i++){
ObjectInAtlas[i][j]=0
}
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aoa_num_atlases_minus1 plus 1 indicates the number of atlases present in the CVS. aoa_num_atlases_
minus1 shall be equal to vps_atlas_count_minus1.

aoa_num_updates indicates the number of objects that are to be updated in the object to atlas table by
the current SEI message.

aoa_log2_max_object_idx_tracked_minus1 plus 1 specifies the number of bits used to signal the
value of an object index in the current atlas object association SEI message.

aoa_atlas_id[ j ] specifies the atlas ID of the j-th atlas.

aoa_object_idx[ i ] indicates the i-th object index. The number of bits used to represent aoa_object_
idx[i] is eqal to aoa_log2_max_object_idx_tracked_minusT + T.

aoa_object_lin_atlas[ i ][ j | indicates the value of ObjectInAtlas[i][j ] for atlas ID equal toj\and g¢bject
index equal fo i. aoa_object_in_atlas[i][j ] equal to 1 indicates that the object with index i i$'present in
atlas with atllas ID equal to j. aoa_object_in_atlas[ i ][ j ] equal to 0 indicates that the object with index i
is not preser]t in atlas with atlas ID equal to j.

F.3.13 Buffering period SEI message semantics

A buffering period SEI message provides initial CAB removal delay and initial CAB removal delay pffset
information |for initialization of the HRD at the position of the associated coded atlas access upit in
decoding ordler.

The followinig applies for the buffering period SEI message syntax and semantics:

— Thevaripbles CabSize[ INalHrdModeFlag][ Htid ][i], BitRate[!NalHrdModeFlag][ Htid ][i] and CabCnt
are deriyed from syntax elements found in the hrd_sub:layer_parameters( !NalHrdModeFlag, Htid )
syntax gtructure that is applicable to at least one_of the operation points to which the buffering
period SEI message applies.

— Any twd operation points that the buffering;period SEI message applies to having different QpTid
values tldA and tldB indicate that the valuésof bp_hrd_cab_cnt_minus1[ tIdA ] and bp_hrd_cah_cnt_
minus1[|tIdB ] applicable to the two opération points are identical.

— The bitstream (or a part thereof).réfers to the bitstream subset (or a part thereof) associated with
any of the operation points to which the buffering period SEI message applies.

The presencg of buffering peridd-SEI messages for an operation point is specified as follows:

— IfNalHrfBpPresentFlag.is equal to 1 or AclHrdBpPresentFlag is equal to 1, the following appligs for
each acdess unit in.the CAS:

— Ifthie coded.atlas access unit is an IRAP coded atlas access unit, a buffering period SEI megsage
applicahle to the operation point shall be associated with the access unit.

— Othéersnise-if both of the following conditions apnlv a buffering neriod SEl message annlicable
4 o rr-J7 o o rr

to the operation point may or may not be present for the access unit:

— The atlas frame has TemporallD equal to 0.
— The atlas frame is not a RASL, RADL or SLNR atlas frame.

— Otherwise, the coded atlas access unit shall not be associated with a buffering period SEI
message applicable to the operation point.

— Otherwise (NalHrdBpPresentFlag and AclHrdBpPresentFlag are both equal to 0), no coded atlas
access unit in the CAS shall be associated with a buffering period SEI message applicable to the
operation point.

NOTE1 For some applications, frequent presence of buffering period SEI messages can be desirable (e.g., for
random access at an IRAP coded atlas frame or a non-IRAP coded atlas frame or for bitstream splicing).
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bp_nal_hrd_params_present_flag equal to 1 specifies that alist of syntax element pairs bp_nal_initial
cab_removal_delay[ i ][ j ] and bp_nal_initial_cab_removal_offset[ i ][ j ] are present in the buffering
period SEI message. bp_nal_hrd_params_present_flag equal to 0 specifies that no syntax element pairs
bp_nal_initial_cab_removal_delay[i][j] and bp_nal_initial_cab_removal_offset[i][j ] are presentin the
buffering period SEI message.

It is a requirement of bitstream conformance that the value of bp_nal_hrd_params_present_flag shall

be eq

ual to hrd_nal_parameters_present_flag.

The variable NalHrdBpPresentFlag is derived as follows:

I

f one or more of the following conditions are true, then the value of NalHrdBpPresentFlag is set

D

@

bp_a
cab_if
perio
bp_ag
buffe]

Itis a
equa

It is 4
bp_n

The v

I

D

(

qual to 1:

bp_nal_hrd_params_present_flag is present in the bitstream and is equal taoil:

The need for presence of buffering periods for NAL HRD operation to bejpresentin t
in buffering period SEI messages is determined by the application, bysome means
in this document.

therwise, the value of NalHrdBpPresentFlag is set equal to 0.

C1_hrd_params_present_flag equal to 1 specifies that a list©fjsyntax element pairs b
emoval_delay[ i ][ j ] and bp_acl_initial_cab_removal_offset[ i ][ j ] are present in {
d SEI message. bp_acl_hrd_params_present_flag equal to 0 specifies that no syntax e
1_initial_cab_removal_delay[ i ][ j ] and bp_acl_initial, cab_removal_offset[i][ j ] are p
Fing period SEI message.

requirement of bitstream conformance that the value of bp_acl_hrd_params_present
to hrd_acl_parameters_present_flag.

requirement of bitstream conformance that the values of bp_acl_hrd_params_pres
\l_hrd_params_present_flag in a buffering period SEI message shall not be both equal

ariable AclHrdBpPresentFlag is-derived as follows:

F one or more of the following conditions are true, then the value of AclHrdBpPrese
qual to 1:

bp_acl_hrd_params_present_flag is present in the bitstream and is equal to 1.

The need fof presence of buffering periods for ACL HRD operation to be presentin t
in buffering period SEI messages is determined by the application, by some means
in thisdecument.

therwise, the value of AclHrdBpPresentFlag is set equal to 0.

The v

ariable CabDabDelaysPresentFlag is derived as follows:

he bitstream
hot specified

p_acl_initial _
he buffering
lement pairs
resent in the

| flag shall be

ent_flag and
to 0.

ntFlag is set

he bitstream
hot specified

equal to 1:

bp_nal_hrd_params_present_flag is present in the bitstream and is equal to 1.

bp_acl_hrd_params_present_flag is present in the bitstream and is equal to 1.

If one or more of the following conditions are true, then the value of CabDabDelaysPresentFlag is set

The need for presence of CAB and DAB output delays to be present in the bitstream in atlas

timing SEI messages is determined by the application, by some means not specified in this

document.

Otherwise, the value of CabDabDelaysPresentFlag is set equal to 0.
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bp_initial_cab_removal_delay_length_minus1 plus 1 specifies the length, in bits, of the j-th default
and alternative initial CAB removal delays and offsets, respectively, for the i-th temporal sub-layer.
of the buffering period SEI messages. When not present, the value of bp_initial_cab_removal_delay_
length_minus1 is inferred to be equal to 23.

bp_au_cab_removal_delay_length_minus1 plus 1 specifies the length, in bits, of the syntax elements
bp_cab_delay_offset in the buffering period SEI message and the syntax elements aft_au_cab_removal_
delay_minusl[ i | in the atlas frame timing SEI messages in the current buffering period. When not
present, the value of bp_au_cab_removal_delay_length_minusl1 is inferred to be equal to 23.

bp_dab_output_delay_length_minus1 plus 1 specifies the length, in bits, of the syntax elements
bp_dab_dela
in the atlas

7 offset suntax element in the buffering neriod SEl message and aft dab ocutpnut Hn]ﬁy[ i ]
= o4 5 5 = = L

frame timing SEI message. When not present, the value of bp_dab_output_delaylepgth_

minusl1 is in

bp_irap_cab
removal_del
removal_offs
not present,

ferred to be equal to 23.

_params_present_flag equal to 1 specifies the presence of the bp_nal_iritial_alf]
hy[ Htid ][ i ], bp_nal_initial_alt_cab_removal_delay[ Htid ][ i ], bp_a¢linitial_alt
et[ Htid ][ i ] and bp_acl_initial_alt_cab_removal_offset[ Htid ][ i ] syntax elements.
the value of bp_irap_cab_params_present_flag is inferred to becequal to 0. Whe

associated aftlas frame is neither a CRA atlas frame nor a BLA atlas fame, the value of bp_irap

params_pre

bp_cab_del3d

ent_flag shall be equal to 0.

y_offset specifies an offset to be used in the derivation of the nominal CAB removal

| cab_
| cab_
When
n the
| cab_

fimes

h the
" BLA
lelay_

of access unlits following, in decoding order, the CRA or BLA coded atlas frame associated wit]
buffering period SEI message when the RASL coded atlas access uhits associated with the CRA o
access unit gre not present. The syntax element has a length in-hits given by bp_au_cab_removal_d
length_minus1 + 1. When not present, the value of bp_cab_dé€lay’ offset is inferred to be equal to 0,

bp_dab_del
or BLA code
atlas access
element has
value of bp_d

When the c
PrevNonDis
thatis nota

y_offset specifies an offset to be used in théderivation of the DAB output times of th¢
1 atlas access unit associated with the buffering period SEI message when the RASL ¢
units associated with the CRA or BLA ¢oded atlas access unit are not present. The s

lab_delay_offset is inferred to be equal to 0.

irrent atlas frame is not the“first atlas frame in the bitstream in decoding ordg

RASL, RADL or SLNR atlas‘frame.

r CRA
oded
yntax

a length in bits given by bp_dab_output_delay_length_minus1 + 1. When not presenit, the

1, let

rardableAtlasFrame be the(preceding atlas in decoding order with TemporallD equall to 0

m in
ve to
ive to

bp_concatenation_flag indicates; when the current atlas is not the first atlas in the bitstreg
decoding orgler, whether the nominal CAB removal time of the current atlas is determined relat
the nominal [CAB removal.time of the preceding atlas with a buffering period SEI message or relat
the nominal [CAB remowvaltime of the atlas frame PrevNonDiscardableAtlasFrame.

bp_atlas_cap_removal_delay_delta_minus1 plus 1, when the current atlas is not the first atlas frame
in the bitstgeani in decoding order, specifies a CAB removal delay increment value relative to the
nominal CAB femoval time of the atlas frame PrevNonDiscardableAtlasFrame. This syntax elemelllt has
a length in bitsgivemrby bp—attas_tab_removal detay tfengthmimust=+1:

When the current atlas contains a buffering period SEI message and bp_concatenation_flag is equal to
0 and the current atlas is not the first atlas in the bitstream in decoding order, it is a requirement of
bitstream conformance that the following constraint applies:

If the atlas frame PrevNonDiscardableAtlasFrame is not associated with a buffering period SEI
message, the aft_au_cab_removal_delay_minusl1[ i ] of the current atlas shall be equal to the aft_
au_cab_removal_delay_minusl[ i ] of PrevNonDiscardableAtlasFrame plus bp_atlas_cab_removal_
delay_delta_minus1+ 1.

Otherwise, aft_au_cab_removal_delay_minusl1[ i | shall be equal to bp_atlas_cab_removal_delay_
delta_minusl.
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NOTE 2  When the current atlas contains a buffering period SEI message and bp_concatenation_flag is equal
to 1, the aft_au_cab_removal_delay_minusl[ i ] for the current atlas frame is not used. The above-specified
constraint can, under some circumstances, make it possible to splice bitstreams (that use suitably-designed
referencing structures) by simply changing the value of bp_concatenation_flag from 0 to 1 in the buffering period
SEI message for an IRAP coded atlas frame at the splicing point. When bp_concatenation_flag is equal to 0, the
above-specified constraint enables the decoder to check whether the constraint is satisfied as a way to detect the
loss of the atlas frame PrevNonDiscardableAtlasFrame.

bp_max_sub_layers_minus1 plus 1 specifies the maximum number of temporal sub-layers. It is a
condition of bitstream conformance that for this edition of this document the value of bp_max_sub_

layers_minus1 shall be equal to 0.

bp_h
bitsti
range
equa

Itis 4
same

bp_n
resp€
90 kK
bp_n4
The
[j]

Li ]l
units
alt_ca

[jl

bp_n
the d
HRD
delay

q

bp_a
resp6
for th
bp_aq
The
[j]

[i]l
units
alt_c4

[j]

9

d_cab_cnt_minus1[ 1 | plus I Speciiies the number ol alternative CAB Specilic
eam of the CAS when Htid is equal to i. The value of bp_hrd_cab_cnt_minus1] ic} sh

to 0.

requirement of bitstream conformance that the value of bp_hrd_cab_catyminus1][ i ]
as the value of hrd_cab_cnt_minus1[i].

hl_initial_cab_removal_delay|[ i ][ j | and bp_nal_initial_alt_cab_removal_delay] i
ctively the j-th default and alternative initial CAB removal delay for the NAL HRD
[z clock of the i-th temporal sub-layer. The length of bp_nal(initial_cab_removal_dela
\_initial_alt_cab_removal_delay[ i ][ j ] is bp_cab_initial‘removal_delay_length_min
Falue of bp_nal_initial_cab_removal_delay[ i ][ j ] and®bp_nal_initial_alt_cab_remoy
hall not be equal to 0 and shall be less than or equal'to 90000 * ( CabSize[ !NalHr
j ] + BitRate[ INalHrdModeFlag ][ i ][ j ] ), the time-equivalent of the CAB size in ¢

ib_removal_delay[ i ][ j ] are inferred to be.equal to 90000 * ( CabSize[ !NalHrdMgc
BitRate[ !NalHrdModeFlag ][i][j] ).

hl_initial_cab_removal_offset[ i ][ j ]\and bp_nal_initial_alt_cab_removal_offset] i
bfault and the alternative initial CAB;removal offsets, respectively, for the i-th CAB w
parameters are in use. The syntax-elements have a length in bits given by hrd_initial_c
| length_minus1 + 1 and are ininits of a 90 kHz clock.

Cl_initial_cab_removal_delay[ i ][ j ] and bp_acl_initial_alt_cab_removal_delay] i
ctively the j-th default‘and alternative initial CAB removal delay of the i-th tempo
e ACL HRD in units‘ef a 90 kHz clock. The length of bp_acl_initial_cab_removal_dela
I_initial_alt_cab_gemoval_delay[ i ][ j ] is bp_cab_initial_removal_delay_length_min
ralue of bp_acl_initial_cab_removal_delay[ i ][ j ] and bp_acl_initial_alt_cab_remov
hall not be«egual to 0 and shall be less than or equal to 90000 * ( CabSize[ !NalHr
j ] + BitRate[ INalHrdModeFlag ][ i ][ j ] ), the time-equivalent of the CAB size in ¢

When 'not present, the values of bp_acl_initial_cab_removal_delay[ i ][ j ] and b
ib_removal_delay[ i ][ j ] are inferred to be equal to 90000 * ( CabSize[ !NalHrdMg
BitRate[ INalHrdModeFlag |[i][j])-

tions in the
all be in the

of 0 to 31, inclusive. When not present, the value of bp_hrd_cab_cnt_minus1[4\.is inferred to be

shall be the

10 1 specify
in units of a
y[i][j]and
1s1 + 1 bits.
al_delay[ i ]
dModeFlag |
)0 kHz clock

When not present, the values of bp_nal_initial_cab_removal_delay[ i ][ j ] and bp_nal_initial_

deFlag ][ i ]

1[j ] specify
hen the NAL
ab_removal_

1[j 1 specify
ral sub-layer
y[1][j]and
1s1 + 1 bits.
al_delay[ i |
dModeFlag |
)0 kHz clock
p_acl_initial _
deFlag ][ i ]

bp_nal_initial_cab_removal_offset[ i ][ j ] and bp_nal_initial_alt_cab_removal_offset[ i ][ j ] specify
the j-th default and alternative initial CAB removal offset of the i-th temporal sub-layer for the NAL HRD
in units of a 90 kHz clock. The length of bp_nal_initial_cab_removal_offset[i][j ] and bp_nal_initial_alt_
cab_removal_offset[ i ][ j ] is bp_cab_initial_removal_delay_length_minusl + 1 bits. When not present,
the values of bp_nal_initial_cab_removal_offset[ i ][ j ] and bp_nal_initial_alt_cab_removal_offset[i][j ]
are inferred to be equal to 0.

Over the entire CAS, for each value pair of i and j, the sum of bp_nal_initial_cab_removal_delay[i ][] ]
and bp_nal_initial_cab_removal_offset[ i ][ j ] shall be constant, and the sum of bp_nal_initial_alt_cab_
removal_delay[i][j] and bp_nal_initial_alt_cab_removal_offset[i][ j ] shall be constant.

bp_acl_initial_cab_removal_offset[ i ][ j ] and bp_acl_initial_alt_cab_removal_offset[ i |[ j | specify
the j-th default and alternative initial CAB removal offset of the i-th temporal sub-layer for the ACL HRD
in units of a 90 kHz clock. The length of bp_acl_initial_cab_removal_offset[ i ] and bp_acl_initial_alt_
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cab_removal_offset[ i ][ j ] is bp_cab_initial_removal_delay_length_minusl + 1 bits. When not present,
the values of bp_acl_initial_cab_removal_offset[ i ][ j ] and bp_acl_initial_alt_cab_removal_offset[ i ][ j ]

are inferred

to be equal to 0.

Over the entire CAS, for each value pair of i and j the sum of bp_acl_initial_cab_removal_delay[i ][ j ]
and bp_acl_initial_cab_removal_offset[ i ][ j ] shall be constant, and the sum of bp_acl_initial_alt_cab_
removal_delay[i][j] and bp_acl_initial_alt_cab_removal_offset[i][j ] shall be constant.

Encoders should not include irap_cab_params_present_flag equal to 1 in buffering period SEI messages
associated with a CRA or BLA atlas for which at least one of its associated RASL atlases follows one or
more of its associated RADL atlas in decoding order.

E3.14 Atlak frame timing SEI message semantics

The atlas fra
the coded at

The followinig applies for the atlas timing SEI message syntax and semantics:

The var]
period §
frame ti

The bits|
any of tH

NOTE1l Th
syntax struct
hrd_paramet
with the atlas
coded atlas
period SEI m

q

with NoOutpyitBeforeRecoveryFlag equal to 1 that age'not the first atlas in the bitstream in decoding ord

determinatio

me timing SEI message provides CAB removal delay and DAB output delay informati
as access unit associated with the SEI message.

jable CabDabDelaysPresentFlag is derived from syntax elements found in the buff
EI message that are applicable to at least one of the operationi points to which the
ing SEI message applies.

tream (or a part thereof) refers to the bitstream subset (or-a part thereof) associated
e operation points to which the atlas timing SEI message applies.

e syntax of the atlas frame timing SEI message is depefident on the content of the hrd_parame
ures applicable to the operation points to which the'dtlas frame timing SEI message applies.
brs( ) syntax structures are in the ASPS that are-active for the coded atlas access unit asso

frame timing SEI message. When the atlas frameé timing SEI message is associated with an|
ccess unit with NoOutputBeforeRecoverykldg equal to 1, unless it is preceded by a buf]
pssage within the same access unit, the activation of the ASPS (and, for IRAP coded atlas fi

1 that the coded atlas is an IRAP NoQutputBeforeRecoveryFlag equal to 1) does not occur un|
e first coded tile NAL unit of the coded atlas. Since the coded tile NAL unit of the coded atlas f

decoding of t}
the atlas fra
to store the

atlas, and theh perform the parsing of thejatlas frame timing SEI message.

e timing SEI message in NAL.unit order, there can be cases in which it is necessary for a dd
SP containing the atlas franfejtiming SEI message until determining the activeASPS for the

aft_au_cab_removal_delay_minus1][ i | plus 1 specifies, for the i-th sub-layer, the number clock
between thefnominal CAB removal time of the coded atlas access unit associated with the atlas t
SEI messagd and the precedihg coded atlas access unit in decoding order that contained a buff
period SEI mlessage. Thiswvalue is also used to calculate an earliest possible time of arrival of acces
atlas data infto the CAB for the HSS. The syntax element is a fixed length code whose length in §
given by bp_pu_cab>removal_delay_length_minusl + 1.

The variablg AuCabRemovalDelayMsb of the current atlas frame is derived as follows:

n for

ering
atlas

with

rers( )
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IRAP
fering
rfames
b, the

kil the

llows
coder
coded

ticks
ming
ering
5 unit
its is

If the current atlas frame is associated with a buffering period SEI message that is applicable

to at least one of the operation points to which the atlas frame timing SEI message applies,

AuCabRemovalDelayMsb is set equal to 0.
Otherwise, the following applies:

— Let maxCabRemovalDelay be equal to 2bp-au_cab_removal_delay length minusl+1

Let prevAuCabRemovalDelayMinus1 and prevAuCabRemovalDelayMsb be set equal to aft_au_

cab_removal_delay_minusl[ i ] and AuCabRemovalDelayMsb, respectively, of the previous atlas
frame in decoding order that has TemporallD equal to 0, that is not a RASL, RADL or SLNR atlas

frame, and that is within the same buffering period as the current atlas frame.

— AuCabRemovalDelayMsb is derived as follows:
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if( aft_au_cab_removal_delay_minus1[ i | <= prevAuCabRemovalDelayMinus1 )
AuCabRemovalDelayMsb = prevAuCabRemovalDelayMsb + maxCabRemovalDelay (F.D)
else
AuCabRemovalDelayMsb = prevAuCabRemovalDelayMsb

The variable AuCabRemovalDelayVal is derived as follows:

AuCabRemovalDelayVal = AuCabRemovalDelayMsb +
aft_au_cab_removal_delay_minus1[i] + 1 (F.2)

The ne buffering

aft_dab_output_delay] i ] is used to compute the DAB output time of the atlas frame, for|the i-th sub-
layer] It specifies how many clock ticks to wait after removal of the access unit from the CAB before the

NOTH 2 l as "used for

The length of the syntax element aft_dab_output_delay][ i ] is given in bits by bp_dab_output_delay_
length_minusl + 1. When asps_max_dec_atlas_frame_buffering-minusl associated with minTid, is
equal to 0, where minTid is the minimum of the OpTid values-of all operation points thg atlas frame

The qutput time derived from the aft_dab_output_delay| i ] of any atlas frame that is output from an
output timing conforming decoder shall precede.the output time derived from the aft|dab_output_
delay][ i ] of all atlas frames in any subsequent CAS\in decoding order.

The atlas output order established by the values of this syntax element shall be the same order as
established by the values of AtlasFrmOrder€ntVal.

For aflas frames that are not output by-the "bumping" process because they precede, in de¢oding order,
an IRAP coded atlas frame with No@utputBeforeRecoveryFlag equal to 1, the output times ¢lerived from
aft_dpb_output_delay][ i ] shall be\increasing with increasing value of AtlasFrmOrderCntVal relative to
all at]as frames within the samg'CAS.

F.3.15 Viewport SEI messages family semantics

F.3.15.1 Viewport camera parameters SEI message semantics

This PEI message defines viewport camera parameters that can be assigned to a viewportsignalled by
the vlewportposition SEI message.

The persistence scope for this SEI message is the remainder of the bitstream or until a npw viewport
camera parameters SEI message i1s encountered. Only the corresponding parameters specified in the
SEI message shall be updated. Previously defined parameters from an earlier SEI message shall persist
if not modified and if the value of vcp_cancel_flag is not equal to 1.

vep_camera_id contains an identifying number that may be used to identify viewport camera
parameters.

vep_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous
viewport camera parameters SEI message in output order with the same value of vcp_camera_id. vcp_
cancel_flag equal to 0 indicates that viewport camera parameters information follows.

vep_persistence_flag specifies the persistence of the viewport camera parameters SEI message for
the current layer. vcp_persistence_flag equal to 0 specifies that the viewport camera parameters SEI
message applies to the current decoded atlas frame only.
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Let aFrmA be the current atlas frame. vcp_persistence_flag equal to 1 specifies that the viewport
camera parameters SEI message persists for the current layer in output order until any of the following
conditions are true:

— A new CAS begins.

The bitstream ends.

— Anatlas frame aFrmB in the current layer in a coded atlas access unit containing a viewport camera
parametersSEImessage, witheitheranvcp_cancel_flagequalto1orthesamevalueofvcp_persistence_
flag, applicable to the current layer is output for which AtlasFrmOrderCnt( aFrmB ) is greater than
AtlasFrmOrderCnt( aFrmA ), where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA )
are the |AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately aftgr the
invocatipn of the decoding process for atlas frame order count for aFrmB.

vcp_camerd_type indicates the projection method of the viewport camera. vcp_cameratype eqpal to

0 specifies
vcp_camera
of 3to 7,inc

vep_erp_hoi
The value of

vcp_erp_verl
value of vep |

vcp_perspe

uirectangular projection. vcp_camera_type equal to 1 specifies a perspéctive proje
type equal to 2 specifies an orthographic projection. vcp_camera_typevalues in tbe
sive, are reserved for future use by ISO/IEC.

rizontal_fov indicates the horizontal size of the viewport region;-in units of 2716 deg
vcp_erp_horizontal_fov shall be in the range of 0 to 360 * 216 ~\IYinclusive.

erp_vertical_fov shall be in the range of 0 to 180 * 216 —4, inclusive.

Ctive_aspect_ratio indicates the relative aspect ratio of the viewport for perspe

projection (horizontal/vertical).

vcp_perspe

ctive_horizontal_fov indicates the horizontal field of view for perspective proje

tical_fov indicates the vertical size of the viewport region) in units of 2716 degreeg.

ction.
range

Irees.

The

ctive

ction

in units of 2 F 0 to

180 * 216 - 1|

-16  degrees. The value of vcp_perspeetive_horizontal_fov shall be in the range o
inclusive.

vcp_ortho_d ction

(horizontal

spect_ratio indicates the relative aspect ratio of the viewport for orthogonal proj¢
vertical).

vcp_ortho_horizontal_size indicates:the horizontal size of an orthogonal viewport in metres.
vep_clipping_near_plane indicates the distance of the near clipping plane for a given viewport in mptres.

vep_clipping_far_plane indicates the distance of the far clipping plane for a given viewport in metres.

F.3.15.2 Viewport position SEI message semantics

iated
vport

This SEI megsage defines a viewport position and orientation. The viewport could then be assoq
with differept typés of information such as viewport camera parameters indicated by a viey
camera parameters SEI message.

The persistence scope for this SEI message is the remainder of the bitstream or until a new viewport
position SEI message is encountered. Only the corresponding parameters specified in the SEI message
shall be updated. Previously defined parameters from an earlier SEI message shall persist if not
modified and if the value of vp_cancel_flag is not equal to 1.

vp_viewport_id specifies an identifying number that may be used to identify a viewport.

vp_camera_parameters_present_flag equal to 1 indicates that vp_vcp_camera_id is present in the
viewport position SEI message. vp_camera_parameters_present_flag equal to 0 indicates that vp_vcp_
camera_id is not present in viewport position SEI message

vp_vcp_camera_id specifies the value of vep_camera_id of viewport parameter SEI message that should
provide the camera information for this viewport. When vp_vcp_camera_id is not present, it shall be
inferred to be equal to 0.
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vp_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous
viewport position SEI message in output order with the same value of vp_view_id. vp_cancel_flag equal
to 0 indicates that viewport position information follows.

vp_persistence_flag specifies the persistence of the viewport position SEI message for the current
layer. vp_persistence_flag equal to 0 specifies that the viewport position SEI message applies to the
current decoded atlas frame only.

Let aFrmA be the current atlas frame. vp_persistence_flag equal to 1 specifies that the viewport
position SEI message persists for the current layer in output order until any of the following conditions
are true:

— A new CAS begins.
— The bitstream ends.

An atlas frame aFrmB in the current layer in a coded atlas access unit~containing a viewport
dosition SEI message, with either an vp_cancel_flag equal to 1 or the same’value of vp_|persistence_
flag, applicable to the current layer is output for which AtlasFrmOrderCnt( aFrmB ) isgreater than
AtlasFrmOrderCnt( aFrmA ), where AtlasFrmOrderCnt( aFrmB ) and|AtlasFrmOrder(nt( aFrmA )
dre the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediat¢ly after the
ihvocation of the decoding process for atlas frame order count for’aFrmB.

vp_ppsition| d ] indicates a position of a viewport along the d aXis. When vp_position[ d ] if not present,
it shalll be inferred to be equal to represent a view position equal to (0.0, 0.0, 0.0). The values of d equal
to 0, 1 and 2 correspond to the X, Y and Z axis, respectively.

vp_rotation_qx specifies the x component, gX, for<the rotation of the viewport regign using the
quatgrnion representation. The value of vp_rotatien: gx shall be in the range of - 214 to 214, inclusive.
When vp_rotation_gx is not present, its value-shall be inferred to be equal to 0. The value of gX is
compluted as follows:

= vp_rotation_gx + 214

vp_rotation_qy specifies the y component, qY, for the rotation of the viewport regign using the
quatdrnion representation. Thevalte of vp_rotation_qy shall be in the range of 0 to + 214 to 214,
inclugive. When vp_rotation_gj~is not present, its value shall be inferred to be equal to 0.|The value of
qY is pomputed as follows:

qlY = vp_rotation_gy 3214

vp_rotation_qz specifies the z component, qZ, for the rotation of the viewport regign using the
quatdrnion représentation. The value of vp_rotation_qz shall be in the range of 0 to + 214 to 214,
inclugive. When'vp_rotation_qz is not present, its value shall be inferred to be equal to 0.[The value of
gZ is fomputed as follows:

(yp_rotation_qz + 214

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

qW =Sqrt(1- (gX?+qY2+qZ?2))
NOTE In the context of this document, qW is always positive. If a negative qW is desired, all three syntax

elements (vp_rotation_gx, vp_rotation_qy and vp_rotation_qz) can be signalled with an opposite sign, which is
equivalent.
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A unit quaternion can be represented as a rotation matrix vpRotMatrix as follows:

[ 1-2%(qY?+qZ%)  2*(qX*qY-qZ*qW) 2*(gX*qZ+qY*qW)

vpRotMatrix =
2*(qX*qZ—-qY*qW) 2*(qY*qZ+gX*qW)  1-2%(gX2+qY?)

0
2*(qX*qY+qZ*qW) 1—2"‘(qX2 +qZ2 ) 2*(qY*qZ—gX*qW) 0
0
1

0 0 0
It is a requirement of bitstream conformance that X2 + qY2 + qZ2 <= 1.

vp_center_view_flag equal to 1 indicates that the viewport position signalled correspond to the
center of th¢ viewport. vp_center_view_flag equal to 0 indicates that the viewport position signalled

_flag equal to 1 indicates that the viewport parameters signalled correspond tp the
left stereo position of the viewport. vp_left_view_flag equal to 0 indicates that the viewport pokition
signalled cofrespond to the right stereo positions of the viewport.

F.3.16 Decpded atlas information hash SEI message semantics

F.3.16.1 Geperal

This SEl megsage defines hash values for decoded atlas information that are associated with the current
atlas SeiAtlafID. Prior to computing the hash, the decoded atlas inférmation and corresponding derived
data, such ag the block to patch information, are arranged inte-strings of bytes as defined in subdlause
F.3.16.2, and the hash values are calculated as specified in the*semantics of the corresponding syntax
elements.

The persistdnce scope for this SEI message is the remainder of the bitstream or until a new de¢oded
atlas information hash SEI message is encountered. Only the corresponding parameters specified |n the
SEI message|shall be updated. Previously defined-parameters from an earlier SEI message shall pgrsist

daih_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any preyvious
decoded atlds information hash SEI meSsage in coding order that applies to the atlas. daih_cance]_flag

ence_flag specifiesithe persistence of the decoded atlas information hash SEI megsage.
daih_persistence_flag equalte_0 specifies that the decoded atlas information hash SEI message applies

the current atlas frame. daih_persistence_flag equal to 1 specifies that the decoded|atlas
information |hash SElmessage persists for the current layer in output order until any of the follgwing

— The bitstream ends.

— An atlas frame aFrmB in the current layer in a coded atlas access unit containing a decoded atlas
information hash SEI message, with either an daih_cancel_flag equal to 1 or the same value of daih_
persistence_flag, applicable to the current layer is output for which AtlasFrmOrderCnt( aFrmB )
is greater than AtlasFrmOrderCnt( aFrmA ), where AtlasFrmOrderCnt( aFrmB ) and
AtlasFrmOrderCnt(aFrmA ) are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively,
immediately after the invocation of the decoding process for atlas frame order count for aFrmB.

daih_hash_type indicates the method used to calculate the checksum according to Table F.5. Values of
daih_hash_type that are not listed in Table F.5 are reserved for future use by ISO/IEC and shall not be
present in bitstreams conforming to this edition of this document. Decoders shall ignore decoded atlas
information hash SEI messages that contain reserved values of hash_type.
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Table F.5 — Atlas hash type

hash_type Method
0 MDS5 (RFC 1321)
1 CRC
2 Checksum

daih_decoded_high_level_hash_present_flag equal to 1 specifies that the MD5 hash, the cyclic
redundancy check (CRC), or the checksum value for the high-level syntax elements associated with the
atlas, with atlas ID equal to SeiAtlaslD, is present. daih_decoded_high_level_hash_present_flag equal to
0 specifies the MD5 hash, the cyclic redundancy check (CRC), or the checksum value for the high-level
syntgx elements associated with the atlas, with atlas ID equal to SeiAtlasID, will not be prgsent.

daih|decoded_atlas_hash_present_flag equal to 1 specifies that the MD5 hash, thejcycligredundancy
checl (CRC), or the checksum value for the patch information associated with the atlas, yith atlas ID
equal to SeiAtlasID, is present. daih_decoded_atlas_hash_present_flag equal toO\Specifies that the MD5
hash,[the cyclic redundancy check (CRC), or the checksum value for the patel¥information associated
with the atlas, with atlas ID equal to SeiAtlasID, will not be present.

daih|decoded_atlas_b2p_hash_present_flag equal to 1 specifies, that the MD5 hash, the cyclic
reduIdancy check (CRC), or the checksum value for the block to.patch map associated wifth the atlas,

with [atlas ID equal to SeiAtlasID, is present. daih_decoded_atlas_b2p_hash_present_flag equal to 0
specifies that the MD5 hash, the cyclic redundancy check (CRC),or the checksum value for the block to
patcl map associated with the atlas, with atlas ID equal to SeiAtlasID, will not be present.

daih|decoded_atlas_tiles_hash_present_flag equalsto 1 specifies that the MD5 hash, the cyclic
redumndancy check (CRC), or the checksum values.for the patch information associated with the tiles
in the atlas, with atlas ID equal to SeiAtlasID, are-present. daih_decoded_atlas_tiles_hash_[present_flag
equa] to 0 specifies that the MD5 hash, the cyclic redundancy check (CRC), or the checksum values for
the pptch information associated with the tile€sin the atlas, with atlas ID equal to SeiAtlasID, will not be
presgnt.

daih|decoded_atlas_tiles_b2p_hash present_flag equal to 1 specifies that the MD5 hash, the cyclic

redundancy check (CRC), or the chécksum values for the block to patch map associated with the tiles

in the atlas, with atlas ID SeiAtlasID, are present. daih_atlas_tiles_b2p_hash_present_f13g equal to 0
t

specifies that the MD5 hash, the'cyclic redundancy check (CRC), or the checksum values for the block to
patch map associated with the'tiles in the atlas, with atlas ID SeiAtlasID, will not be prese

daih[reserved_1bit shall be equal to 0 in bitstreams conforming to this edition of this document.
Other values for daih_reserved_1bit are reserved for future use by ISO/IEC. Decoders shdll ignore the
value of daih_reserved_1bit.

daihhigh_level_md5[ i ] is the i-th byte of the 16-byte MD5 hash of the high-level syntax elements of
the decodedatlas associated with SeiAtlasID. The value of daih_high_level_md5[ i ] shall bg equal to the
valug digestVal[ i ], obtained using the MD5 functions defined in IETF RFC 1321 and the stfring of bytes

Hi h avalAtlacData with lanoth Hiohl aval AtlacNA+ A Byutac nc cnacifiad in cohelanca B2 14 2 2-
ghlevelAtlasData-withlength HishlevelAtlasDataBytes as-specifiedinsubeclause £E3.1612.2:

MD5Init( context )
MD5Update( context, HighLevelAtlasData, HighLevel AtlasDataBytes )
MD5Final( digestVal, context )

daih_high_level_crc is the cyclic redundancy check (CRC) of the high-level syntax elements of the
decoded atlas associated with SeiAtlasID. The value of daih_high_level_crc shall be equal to the value
of crcVal, obtained using the CRC specification defined in Rec. ITU-T H.271 and the string of bytes
HighLevelAtlasData with length HighLevelAtlasDataBytes, as specified in subclause F.3.16.2.2:

crc = OxFFFF

HighLevelAtlasData[ HighLevelAtlasDataBytes | = 0

HighLevel AtlasData[ HighLevelAtlasDataBytes + 1] =0

for( bitldx = 0; bitldx < ( HighLevelAtlasDataBytes + 2 ) * 8; bitldx++ ) {
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dataByte = HighLevelAtlasData[ bitldx >> 3 ]

crcMsb = (cre>>15) &1

bitVal = (dataByte >> (7 - (bitldx & 7)) ) &1

crc=(((crc<<1)+bitvVal ) & 0xFFFF ) * ( crcMsb * 0x1021 )
}

crcVal = crc

daih_high_level_checksum is the checksum of the high-level syntax elements of the decoded
atlas associated with SeiAtlasID. The value of daih_high_level _checksum shall be equal to
the value of checksumVal, obtained using the string of bytes HighLevelAtlasData with length
HighLevelAtlasDataBytes, as specified in subclause E3.16.2.2:

checksum =0
for(i= 0 i< HighLevelAtlasDataBytes ; i++) {
xorNlask = (i & OxFF) * (i>>8)

chedksum = ( checksum + ( HighLevelAtlasData[ i | & 0xFF) * xorMask) & OxFEFFFFFF
chedksum = ( checksum + ( HighLevelAtlasData[ i | >> 8) * xorMask) & 0xFFFEFFFF

}

daih_atlas_md5] i ] is the i-th byte of the 16-byte MD5 hash of the decodéd atlas associated| with
SeiAtlasID. Tlhe value of daih_atlas_md5[ i] shall be equal to the value of digéstVal[ i |, obtained using the
MD?5 functiops defined in IETF RFC 1321 and the string of bytes AtlasDatawith length AtlasDataBytes,
as specified |n subclause F.3.16.2.3:

MD5Init[ context )
MD5Update( context, AtlasData, AtlasDataBytes )
MD5Final( digestVal, context )

daih_atlas_¢rc is the cyclic redundancy check (CRC) of:the decoded atlas associated with SeiAt]asID.
The value of daih_atlas_crc shall be equal to the valué€’of crcVal, obtained using the CRC specifiqation
defined in Rec. ITU-T H.271 and the string of bytes*AtlasData with length AtlasDataBytes, as spergified
in subclause|F.3.16.2.3:

crc = OxFFFF
AtlasDatja[ AtlasDataBytes ] =0
AtlasDafja[ AtlasDataBytes + 1] =0
for( bitldx = 0; bitldx < ( AtlasDdtaBytes + 2 ) * 8; bitldx++ ) {
dataByte = AtlasData[ bitldx >> 3 ]
crcMisb = (crc>> 15 ) &
bitVhl = ( dataByte >>{/7 - (bitldx & 7)) ) & 1
crc # (((crc<< 1y ¥bitVal ) & 0xFFFF ) * ( crcMsb * 0x1021 )

}

crcVal =[crc

daih_atlas_¢hecksum is the checksum of the decoded atlas associated with SeiAtlasID. The value of
daih_atlas_che¢ksum shall be equal to the value of checksumVal, obtained using the string of pytes
AtlasData with Tength AtlasDataBytes, as specified in subclause F.3.16.2.3:

checksum =0

for(i=0;i<AtlasDataBytes;i++){
xorMask = (i & OxFF) " (i>>8)
checksum = ( checksum + ( AtlasData[i] & 0xFF ) * xorMask ) & OxFFFFFFFF
checksum = ( checksum + ( AtlasData[ i ] >> 8 ) * xorMask ) & OxFFFFFFFF

}

daih_atlas_b2p_md5[ i ] is the i-th byte of the 16-byte MD5 hash of the block to patch map of the atlas
associated with SeiAtlasID. The value of daih_atlas_b2p_md5[ i ] shall be equal to the value digestVal[i],
obtained using the MD5 functions defined in IETF RFC 1321 and the string of bytes AtlasB2PData with
length AtlasB2PDataBytes, as specified in subclause F.3.16.2.5:
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MD5Init( context )
MD5Update( context, AtlasB2PData, AtlasB2PDataBytes )
MD5Final( digestVal, context )

daih_atlas_b2p_crc is the cyclic redundancy check (CRC) of the block to patch map of the atlas
associated with SeiAtlasID. The value of daih_atlas_b2p_crc shall be equal to the value of crcVal,
obtained using the CRC specification defined in Rec. ITU-T H.271 and the string of bytes AtlasB2PData
with length AtlasB2PDataBytes, as specified in subclause F.3.16.2.5:

crc = OxFFFF

AtlasB2PData[ AtlasB2PDataBytes | =0

f]acn')pan:\[ AflacR')DnafnRyfnc +1 ] =0

r( bitldx = 0; bitldx < ( AtlasB2PDataBytes + 2 ) * 8; bitldx++ ) {
dataByte = AtlasB2PData[ bitldx >> 3 ]
crcMsb=(crc>>15) &1
bitVal = (dataByte >> (7 - (bitldx & 7)) ) &1
crc=(((crc<<1) +bitVal ) & 0xFFFF ) * ( crcMsb * 0x1021 )

fi

}
cfcVal = crc
daih]atlas_b2p_checksum is the checksum of the block to patch®tmap of the atlas asspciated with

SeiAtllasID. The value of daih_atlas_b2p_checksum shall be egqual to the value of dhecksumVal,
obtained using the string of bytes AtlasB2PData with length)AtlasB2PDataBytes , as|specified in
subclpuse F.3.16.2.5:

checksum =0

for(i=0;i< AtlasB2PDataBytes; i++ ) {

xorMask = (i & OxFF) " (i>>8)
checksum = ( checksum + ( AtlasB2PData[i] & OxFF ) » xorMask ) & OxFFFFFFFF
checksum = ( checksum + ( AtlasB2PData[ i | >> 8) " xorMask ) & 0xFFFFFFFF

ih[num_tiles_minus1 plus 1 specifies'the number of tiles for which hash values will

tile_id_len_minus1 plas)1 specifies the number of bits used to represent the syj
{tile_id[ t ]. The value of daih_tile_id_len_minus1 shall be in the range of 0 to 15, inclus

ih|tile_id[ t | specifies the tile ID of the t-th tile. The length of the daih_tile_id[ t ] syntz:
Jtile_id_len_minus1 + 1 bits. When not present, the value of daih_tile_id[ t ] is inferre
. It is a requirement of bitstream conformance that daih_tile_id[ t ] should not be equal

ih|atlas tiles_md5[ t ][ i] is the i-th byte of the 16-byte MD5 hash of the decoded atlas

ralue of daih_num_tiles_minus?t) should be in the range of 0 to afti_num_tiles_in_
51, inclusive.

for all t /=

[t][i] shall be

be signalled.
htlas_frame_

itax element
jve.

1X element is
1 to be equal
to daih_tile_

tile with tile
equal to the

al’to t, associated with SeiAtlasID. The value of daih_atlas_tiles_md5

MD5Init( context )
MD5Update( context, TileData, TileDataBytes )
MD5Final( digestVal, context)

ring of bytes

daih_atlas_tiles_crc] t] is the cyclic redundancy check (CRC) of the decoded atlas tile with tile ID equal
to t, associated with SeiAtlasID. The value of daih_atlas_tiles_crc[ t ] shall be equal to the value of crcVal,
obtained using the CRC specification defined in Rec. ITU-T H.271 and the string of bytes TileData with
length TileDataBytes, as specified in subclause F.3.16.2.4:

crc = OxFFFF
TileData[ TileDataBytes ]

0
TileData[ TileDataBytes + 1 | =

1]=0
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for( bitldx = 0; bitldx < ( TileDataBytes + 2 ) * 8; bitldx++ ) {
dataByte = TileData[ bitldx >> 3 ]
crcMsb=(crc>>15) &1
bitVal = (dataByte >> (7 - (bitldx& 7)) ) &1
crc=(((crc<<1)+bitVal ) & OxFFFF ) * ( crcMsb * 0x1021 )
}

crcVal = crc

daih_atlas_tiles_checksum| t ] is the checksum of the decoded atlas tile with tile ID equal to t,
associated with SeiAtlasID. The value of daih_atlas_tile_checksum] t ] shall be equal to the value of
checksumVal, obtained using the string of bytes TileData with length TileDataBytes, as specified in

subclause F.p162+4-

checksum =0
for(i= (i< TileDataBytes;i++){
xorNlask = (i & OxFF) " (i>>8)

chedksum = ( checksum + ( TileData[ i ] & OxFF) * xorMask ) & OxFFFFFFFF
chedksum = ( checksum + ( TileData[i] >> 8 ) " xorMask ) & 0xFFFFFFFF,
}
daih_atlas_tiles_b2p_md5][ t ][ i ] is the i-th byte of the 16-byte MD5 hash.ef the block to patch map of
the decoded|atlas tile, with tile ID equal to t, associated with SeiAtlasID: The value of daih_atlas Jtiles_
b2p_md5[ t |[ i ] shall be equal to the value digestVal[ i ], obtained.using the MD5 functions dgfined
in IETF RFC| 1321 and the string of bytes TileB2PData with length«TileB2PDataBytes, as specified in
subclause F.3.16.2.6:
MD5Init[ context )
MD5Update( context, TileB2PData, TileB2PDataBytesy)
MD5Fingl( digestVal, context )
daih_atlas_tiles_b2p_crc[ t ] is the cyclic redundancy check (CRC) of the block to patch map ¢f the
decoded atlgs tile, with tile ID equal to t, associated with SeiAtlasID. The value of daih_atlas |tiles_
b2p_crc[ t ]|shall be equal to the value of creVal, obtained using the CRC specification definled in
Rec. ITU-T H.271 and the string of bytes, TileB2PData with length TileB2PDataBytes, as specified in
subclause F.B.16.2.6:
crc = OxFFFF
TileB2PData[ TileB2PDataBytés | =0

TileB2pData[ TileB2PDataBytes+1]=0
for( bitldlx = 0; bitldx < (TileB2PDataBytes + 2 ) * 8; bitldx++) {
dataByte = TileB2PData[ bitldx >> 3 ]
crcMsb = (cres>15) & 1
bitVhl = (dataByte >> (7 - (bitldx & 7)) ) &1
crc F (((ere<<1) + bitVal ) & OxFFFF ) * ( crcMsb * 0x1021 )
}

crcVal =[cr¢

daih_atlas_tiles_b2p_checksum]| t ] is the checksum of the block to patch map of the decoded atlas
tile, with tile ID equal to t, associated with SeiAtlasID. The value of daih_atlas_tile_checksum] t | shall
be equal to the value of checksumVal, obtained using the string of bytes TileB2PData with length
TileB2PDataBytes, as specified in subclause F.3.16.2.6:

checksum =0

for(i=0;i<TileB2PDataBytes; i++) {
xorMask = (i & OxFF) " (i>>8)
checksum = ( checksum + ( TileB2PData[ i | & 0xFF) * xorMask ) & OxFFFFFFFF
checksum = ( checksum + ( TileB2PData[ i ] >> 8) * xorMask ) & OxFFFFFFFF
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F.3.16.2 Strings of bytes arrangement for hash calculation

F.3.16.2.1 General

The string of bytes for the high-level syntax, the atlas patch data and for each tile patch data that is
associated with the atlas are generated as a string of unsigned 16 bit data as specified in subclauses
F.3.16.2.2, F.3.16.2.3 and F.3.16.2.4. Similarly, the block to patch string of bytes for the atlas and for
each tile that is associated with the atlas are generated as string of unsigned 16 bit data as specified in
subclauses F.3.16.2.5 and F.3.16.2.6, respectively.

F.3.16.2.2 High-level atlas information string of bytes

In this subclause, using ASPS and AFPS parameters, as described in subclauses 8.4.6.1Qnd|(8.4.6.2, a 1D
array, HighLevelAtlasData, and a variable, HighLevel AtlasDataBytes, providing the'lengthl of the array
in bytes, are derived and set as output of this process as follows:

HighLevelAtlasDataBytes = 0

HighLevelAtlasDataBytes =

ASPSCommonByteString( HighLevel AtlasData, HighLevel AtlasDataBytes)
HighLevelAtlasDataBytes =

ASPSApplicationByteString( HighLevel AtlasData, HighLevel AtlasDataBytes)
HighLevelAtlasDataBytes =

AFPSCommonByteString( HighLevel AtlasData, HighLevel AtlasDataBytes)
HighLevelAtlasDataBytes =

AFPSApplicationByteString( HighLevel AtlasBata, HighLevelAtlasDataBytes)

wherp the functions ASPSCommonByteString, ASRSApplicationByteString, AFPSCommopByteString,
and AFPSApplicationByteString are defined in¢subclauses E3.16.2.2.1, F.3.16.2.2.2, F.3.[16.2.2.3 and
F.3.16.2.2.4, respectively.

F.3.16.2.2.1 Common ASPS level string-of bytes
Let the function ASPSCommonByteStying( stringByte, posByte ) be defined as follows:

ASPSCommonByteString( stringByte, posByte ) {

stringByte[ posByte#+7] = asps_frame_width && OxFF

stringByte[ posByte++ | = (asps_frame_width >> 8 ) && 0xFF

stringByte[ posByte++ | = (asps_frame_width >> 16 ) && 0xFF
stringByte[ posByte++ | = (asps_frame_width >> 24 ) && 0xFF
stringByte[ posByte++ | = asps_frame_height && OxFF

stringByite] posByte++ | = (asps_frame_height >> 8 ) && 0xFF
stringByte[ posByte++ | = (asps_frame_height >> 16 ) && 0xFF
stringByte[ posByte++ | = (asps_frame_height >> 24 ) && OxFF
stringByte[ posByte++ | = asps_geometry_3d_bit_depth_minusl && OxFF
stringByte[ posByte++ | = asps_geometry_2d_bit_depth_minusl && OxFF
stringByte[ posByte++ | = asps_map_count_minusl && OxFF

stringByte[ posByte++ | = asps_max_number_projections_minus1 && OxFF
stringByte[ posByte++ | = asps_patch_precedence_order_flag && 0xFF
return posByte

}

F.3.16.2.2.2 Application-based ASPS level string of bytes
Let the function ASPSApplicationByteString( stringByte, posByte ) be defined as follows:

ASPSApplicationByteString( stringByte, posByte ) {
if( asps_pixel_deinterleaving_enabled_flag ) {
for(j = 0;j <= asps_map_count_minusl; j++)
stringByte[ posByte++ | = asps_map_pixel_deinterleaving_flag[ j ] && 0xFF
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}

stringByte[ posByte++ | = asps_raw_patch_enabled_flag && 0xFF

stringByte[ posByte++ | = asps_eom_patch_enabled_flag && OxFF

if( asps_eom_patch_enabled_flag && asps_map_count_minusl ==0) {
stringByte[ posByte++ | = asps_eom_fix_bit_count_minusl && 0xFF

}

if( (asps_auxiliary_video_enabled_flag ) &&
( asps_raw_patch_enabled_flag || asps_eom_patch_enabled_flag ) ) {
stringByte[ posByte++ | = AuxVideoWidthNF && O0xFF
stringbyte| posbyte++ | = (AuxVideoWidthNE >> 6 ) && OXFF
stringByte[ posByte++ | = AuxVideoHeightNF && OxFF
stringByte[ posByte++ | = ( AuxVideoHeightNF >> 8 ) && OxFF

}

stringByte[ posByte++ | = asps_plr_enabled_flag && 0xFF
if(apps_plr_enabled_flag ) {
for(i=0;1i<asps_map_count_minusl + 1; i++) {
stringByte[ posByte++ | = plri_map_present_flag[ i ] && OxEF
if( plri_map_present_flag[i]) {
stringByte[ posByte++ | = plri_number_of _modes/minus1|i] && 0xFF
for(j=0;j < plri_number_of modes_minus1[i ] 1}j++) {
stringByte[ posByte++ | = plri_interpolatelflag[i][j] && OxFF
stringByte[ posByte++ | = plri_filling flag[ i ][ j ] && OxFF
stringByte[ posByte++ | = plri_minimavm_depth[i][j ] && OxFF
[ 1= (110
}

stringByte[ posByte++ | = plri_neighbour_minus1 ] && OxFF
stringByte[ posByte++ | = plri_block_threshold_per_patch_minus1[i | && OxKF

}

retulrn posByte

}

F.3.16.2.2.3| Common AFPS level string of bytes
Let the function AFPSCommofnByteString( stringByte, posByte ) be defined as follows:

AFPSCoIlmonByteStrmg( stringByte, posByte ) {

strimgByte[ pasByte++ | = afti_num_tiles_in_atlas_frame_minus1 && OxFF
for (i = 1; iLafti_num_tiles_in_atlas_frame_minus1 + 1; i++ ) {

stringByte[ posByte++ | = TileOffsetX][ i | && OxFF

stringByte[ posByte++ | = (TileOffsetX[i] >> 8 )&& OxFF
"frlnchvfnr nnchfn-l--l— ] = Tl]nﬂffcnfvr i 1 &£&8& OxFFE

strlngByte[ posByte++] (TlleOffsetY[ ] >> 8)&& OxFF
stringByte[ posByte++ | = TileWidth|[ i | && OxFF
stringByte[ posByte++ | = (TileWidth[ i ] >> 8 )&& 0xFF
stringByte[ posByte++ | = TileHeight[ i | && OxFF
stringByte[ posByte++ | = (TileHeight[ i ] >> 8 )&& O0xFF
stringByte[ posByte++ | = AuxTileOffset[ i | && 0xFF
stringByte[ posByte++ | = (AuxTileOffset[ i | >> 8 )&& 0xFF
stringByte[ posByte++ | = AuxTileHeight[ i | && OxFF
stringByte[ posByte++ | = (AuxTileHeight[ i | >> 8 )&& OxFF
stringByte[ posByte++ | = afti_tile_id[ i ] && OxFF
stringByte[ posByte++ | = (afti_tile_id[ i ] >> 8 )&& OxFF
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return posByte

F.3.16.2.2.4 Application-based AFPS level string of bytes

Let the function AFPSApplicationByteString( stringByte, posByte ) be defined as follows:

AFPSApplicationByteString( stringByte, posByte ) {

}

return posByte

-5:2021(E)

F3.1
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array
and s

A
fi

}

wher
in sul

F3.1

Let the function AtlasPatchCommonByteString(.stringByte, posByte, p ) be defined as folld

A

b.2.3 Atlas information string of bytes

s subclause, using the atlas patch level information parameters, as described insubcl;
AtlasData, and a variable, AtlasDataBytes, providing the length of the array.in‘bytes
et as output of this process as follows:

tlasDataBytes =0

br( atlasPatchldx = 0; atlasPatchldx < AtlasTotaNumPatches ; atlasPatchldx++ ) {
AtlasDataBytes = AtlasPatchCommonByteString( AtlasData, AtldsDataBytes, atlas
AtlasDataBytes = AtlasPatchApplicationByteString( AtlasData; AtlasDataBytes, atl

e the functions AtlasPatchCommonByteString and AtlasPatchApplicationByteString
pclauses F.3.16.2.3.1 and F.3.16.2.3.2, respectively.

b.2.3.1 Common atlas patch string of bytes

tlasPatchCommonByteString( stringByte, posByte, p ) {
stringByte[ posByte++ | = AtlasRatchType[ p | & OxFF

& 0xFF
]1>>8) & OxFF
& OxFF
]1>>8) & OxFF

stringByte
stringByte
stringByte
stringByte

posByte++ | = AtlasPatch2dPosX|
posByte++ | = AtlasPatch2dPosX
posByte#+] = AtlasPatch2dPosY[
posByte++ ] = ( AtlasPatch2dPosY

—r—_——
"O \—l"c [—

& O0xFF
] >>8) & OxFF
& OxFF
]1>>8) & OxFF

stringByte[ posByte++ | = AtlasPatch2dSizeX][ p
stringByte[ posByte++ | = ( AtlasPatch2dSizeX]
stringByte[‘posByte++ | = AtlasPatch2dSizeY|[ p
stringByte[ posByte++ | = ( AtlasPatch2dSizeY|

T —T —

stringByte[ posByte++ | = AtlasPatch3dOffsetU[ p ] & OxFF

use 9.2.7, an
are derived

Patchldx )
asPatchldx )

are defined

WS:

StringByte[ posByte++ | = ( AtlasPatch3dOffsetU[ p ] >> 8 ) & O0xFF

STringByte[ posByte++ | = AtlasPatch3dOIfSetVi p | & OXFF
stringByte[ posByte++ | = ( AtlasPatch3dOffsetV[ p ] >> 8 ) & 0xFF
stringByte[ posByte++ | = AtlasPatch3dOffsetV[ p | & 0xFF
stringByte[ posByte++ | = ( AtlasPatch3dOffsetV[ p ] >> 8 ) & OxFF
stringByte[ posByte++ | = AtlasPatch3dOffsetD[ p | & OxFF
stringByte[ posByte++ | = ( AtlasPatch3dOffsetD[ p ] >> 8 ) & OxFF
stringByte[ posByte++ | = AtlasPatch3dRangeD[ p | & OxFF
stringByte[ posByte++ | = ( AtlasPatch3dRangeD[ p ] >> 8 ) & OxFF

stringByte[ posByte++ | = AtlasPatchProjectionID[ p | & 0xFF
stringByte[ posByte++ | = AtlasPatchOrientationIndex[ p ] & OxFF

stringByte[ posByte++ | = AtlasPatchLoDScaleX[ p ] & OxFF
stringByte[ posByte++ | = ( AtlasPatchLoDScaleX[ p ] >> 8 ) & OxFF

© ISO/IEC 2021 - All rights reserved

229


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

stringByte[ posByte++ | = AtlasPatchLoDScaleY[ p | & OxFF
stringByte[ posByte++ | = ( AtlasPatchLoDScaleY[ p ] >> 8 ) & OxFF

return posByte

}

F.3.16.2.3.2 Application-based atlas patch string of bytes
Let the function AtlasPatchApplicationByteString( stringByte, posByte, p ) be defined as follows:

AtlasPatchApplicationByteString( stringByte, posByte, p ) {
stri = i
if( AtlasPatchType[ p] == RAW ) {
stringByte[ posByte++ | = AtlasPatchRawPoints[ p | & 0xFF
ctringByte[ posByte++ | = ( AtlasPatchRawPoints[ p | >> 8 ) & OxFF
} elsg if( AtlasPatchType[ p | == PROJECTED ) {
blockCnt = BlockCnt( AtlasPatch2dSizeX[ p ], AtlasPatch2dSizeY[p])
for( m = 0; m < asps_map_count_minusl + 1; m++ ) {
if( plri_map_present_flagf m ] ==1) {
if(AtlasPlrdLevel[p][m]==0) {
for(j=0;j<blockCnt; j++) {
stringByte[ posByte++] =
AtlasPlrdBlockModeMinus1| p ][ m][y{ & OxFF
stringByte[ posByte++] =
(AtlasPlrdBlockModeMinus1[p[ m][j] >> 8 ) & OxFF

}
}else{
stringByte[ posByte++ | = AtlasPlrdModeMinus1[ p ][ m | & OxFF
stringByte[ posByte++ ] =
(AtlasPlrdBlockModeMinus1[ p ][ m ] >> 8 ) & OxFF

}

}
} els if( AtlasPatchType[ p ] == EOM ) {
stringByte[ posByte++ | =-AtlasPatchEomPatchCount| p | & 0xFF
stringByte[ posByte++ .= ( AtlasPatchEomPatchCount[ p | >> 8 ) & OxFF
for(i=0; i< AtlasPatchEomPatchCount[ p ]; i++ ) {

stringByte[ posByte++ | = AtlasPatchEomPoints[ p ][ i ] & OxFF

stringByte[ poSByte++ | = (AtlasPatchEomPoints[ p ][ i] >> 8 ) & OxFF
}
}

retufrn posByte

}

F.3.16.2.4 Tileinformationstr iug of 'u_ytt:a

In this subclause, using tile patch information variables, as defined in subclause 9.2.5, an array of string
of bytes, TileData, and a variable providing the length in bytes of the array, TileDataBytes, for the tile
with tile ID, tileID are generated as the output of this process and the following applies:

TileDataBytes = 0
for( tilePatchldx = 0 ; tilePatchldx < AtduTotalNumPatches]| tilelD | ; tilePatchldx++) {
TileDataBytes = TilePatchCommonByteString( TileData, TileDataBytes, tilelD, atlasPatchldx )

TileDataBytes = TilePatchApplicationByteString( TileData, TileDataBytes, tilelD, atlasPatchldx )
}

where the functions TilePatchCommonByteString and TilePatchApplicationByteString are defined in
subclauses F.3.16.2.4.1 and F.3.16.2.4.2, respectively.
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F.3.16.2.4.1 Common tile patch string of bytes
Let the function TilePatchCommonByteString( stringByte, posByte, t, p ) be defined as follows:

TilePatchCommonByteString( stringByte, posByte, tilelD, p ) {
stringByte[ posByte++ | = TilePatchType[ t ][ p ] & 0xFF
stringByte[ posByte++ | = (TilePatchType[t][p ] >> 8 ) & OxFF

stringByte[ posByte++ | = TilePatch2dPosX][ t ][
stringByte[ posByte++ | = (TilePatch2dPosX][ t ]
stringByte[ posByte++ | = TilePatch2dPosY[ t ][

p] & OxFF
[p]>>8) & O0xFF
p ] & OXFF

F&OxEE
p ] & OxFF
[p]>>8)&O0xFF
p ] & OxFF
[p]>>8)&0xFF

stringByte[ posByte++ | = TilePatch2dSizeX][ t ][
stringByte[ posByte++ | = (TilePatch2dSizeX][ t ]
stringByte[ posByte++ | = TilePatch2dSizeY[ t ][
stringByte[ posByte++ | = (TilePatch2dSizeY[ t ]

stringByte[ posByte++ | = TilePatch3dOffsetU[ t ][ p ] & O0xFF
stringByte[ posByte++ | = (TilePatch3dOffsetU[ t ][ p ] >> 8) & OXEF
stringByte[ posByte++ | = TilePatch3dOffsetV[ t ][ p ] & OxFE
stringByte[ posByte++ ]| = (TilePatch3dOffsetV[ t ][ p ] >> 8J& OxFF
stringByte[ posByte++ | = TilePatch3dOffsetV[ t ][ p | & OxFF
stringByte[ posByte++ | = (TilePatch3dOffsetV[ t ][ p }>> 8 ) & OxFF
stringByte[ posByte++ | = TilePatch3dOffsetD][ t ][ p-}»& 0xFF
stringByte[ posByte++ | = (TilePatch3dOffsetD[€][ p ] >> 8 ) & OxFF

[ ] [ p] & OxFF

[ | |

stringByte[ posByte++ ]| = TilePatch3dRangeD}t)]
stringByte[ posByte++ | = (TilePatch3dRangeD[ t ][ p ] >> 8 ) & OXFF
stringByte[ posByte++ | = TilePatchPrejectionID[ t ][ p ] & OxFF

stringByte[ posByte++ | = TilePatchOrientationIndex[ t ][ p ] & OxFF

stringByte[ posByte++ | = TileRatchLoDScaleX[ t ][ p ] & OXFF
stringByte[ posByte++ | = (TilePatchLoDScaleX[t][ p ] >> 8 ) & OxFF
stringByte[ posByte++ | 5 THePatchLoDScaleY[ t][ p ] & OxFF

[ t]

stringByte[ posByte++ = (TilePatchLoDScaleY[ t][ p ] >> 8) & 0xFF

return posByte

}

F.3.16.2.4.2 Application based tile patch string of bytes
Let the function TilePatchApplicationByteString( stringByte, posByte, t, p ) be defined as fpllows:

TlilePatchApplicationByteString( stringByte, posByte, t, p) {
stringByte[ posByte++ | = TilePatchInAuxVideo[ p | & 0xFF
if( TilePatchType[t]] p] == RAW ) {
stringByte[ posByte++ | = TilePatchRawPoints[ p | & OxFF
stringByte[ posByte++ | = ( TilePatchRawPoints[ p | >> 8 ) & OxFF
} else if( TilePatchType[ t][ p ] == PROJECTED ) {
blockCnt = BlockCnt( AtlasPatch2dSizeX[ t ][ p ], AtlasPatch2dSizeY[t][p])
for(m = 0; m < asps_map_count_minus1 + 1; m++ ) {
if( plri_map_present_flagl m]==1){
if(TilePlrdLevel[t][p][m]==0){
for(j=0;j <blockCnt; j++ ) {
stringByte[ posByte++] =
TilePatchPlrdBlockModeMinus1[t][p ][ m][j] & OxFF
stringByte[ posByte++ |=
(TilePatchPlrdBlockModeMinus1[t][p][m][j] >> 8 ) & OxFF

}
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}else{
stringByte[ posByte++ | = TilePatchPlrdModeMinus1[ t ][ p ][ m ] & OxFF
stringByte[ posByte++ ]| =
(TilePatchPlrdBlockModeMinus1[t][p ][ m ] >> 8 ) & OxFF

}

}
} else if( TilePatchType| tileID [[ p ] == EOM ) {

stringByte[ posByte++ | = TilePatchEomPatchCount[ t
stringByte[ posByte++ | = (TilePatchEomPatchCount|

p] & OxFF

Il
t][p]>>8) & OxFF

for(i=0;i< TilePatchEomPatchCount[t][p]; i++) {

}

return posByte

}

F3.16.2.5 A

In this subc
array, AtlashH
derived and

AtlasB2
for(y=
for(

}

F3.16.2.6 1

In this subd
subclause 9.]
of the array,

TileB2P]
for(y=
for(

stringbyte| posbyte++ | = TilePatchEomPoints[ t[[ p |[[ 1 | & OxFF
stringByte[ posByte++ | = (TilePatchEomPoints[t][p][i] >> 8 ) & 0xFF

tlas block to patch string of bytes

ause, using the block to patch maps from each atlas, as defined in subclause 9.2.7
2PData and a variable AtlasB2PDataBytes,providing thedength of the array in byte
set as output of this process as follows:

DataBytes =0

; y < AtlasBlockToPatchMapHeight; y++ ) {

x = 0; x < AtlasBlockToPatchMapWidth; x++ ) {

b2pVal = ( AtlasBlockToPatchMap[y ][ x | =%x1)?

OxFFFF : AtlasBlockToPatchMap| y ][.%]]

AtlasB2pData[ AtlasB2PDataBytes++ | =b2pVal & OxFF
AtlasB2pData[ AtlasB2PDataBytes++J= (b2pVal >> 8 ) & 0xFF

ile block to patch string-of bytes

lause, using the block to patch maps for a tile with tile ID equal to t, as defin|
.6, an array, TileB2PData and the variable TileB2PDataBytes, providing the length in
are derived and set as output of this process as follows:

DataBytes= 0

; v < TileBlockToPatchMapHeight[ t ]; y++ ) {

ik = 0; %< TileBlockToPatchMapWidth[ t |; x++ ) {
b2pVal = ( TileBlockToPatchMap[t][y][x]==-1)7?

2, an
5, are

ed in
bytes

OxFFFF : TileBlockToPatchMap[ t ][ v ][ x ]

TileB2pData[ TileB2PDataBytes++ | = b2pVal & OxFF
TileBZ2pData[ TileB2PDataBytes++ | = (b2pVal >> 8 ) & OxFF

}
F.3.17 Tim

e code SEI message semantics

The time code SEI message provides time code information similar to that defined by SMPTE ST 12-1

(2014) for at

232

las frame(s).
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The contents of the clock timestamp syntax elements indicate a time of origin, capture, or alternative
ideal display. This indicated time is computed as

clockTimestamp = ( (hH * 60 + mM ) * 60 + sS ) * time_scale +
nFrames * num_units_in_tick + tOffset (F.3)

in units of clock ticks of a clock with clock frequency equal to time_scale Hz, relative to some unspecified
point in time for which clockTimestamp would be equal to 0. Output order and DAB output timing are
not affected by the value of clockTimestamp.

NOTE1 clockTimestamp time indications can aid display on devices with refresh rates other than those well-
matcﬂted to DAB output times. However, the time code SEI message does not attect the output opder and DPB
output timing defined in this document.

numunits_in_tick is the number of time units of a clock operating at the frequency time_scale Hz that
corrgsponds to one increment (called a clock tick) of a clock tick counter. num_units_in_|tick shall be
greatler than 0. A clock tick, in units of seconds, is equal to the quotient of nim_units_in]tick divided
by timne_scale. For example, when the frame rate of an atlas signal is 25 Hz,time_scale may be equal to
27 000 000 and num_units_in_tick may be equal to 1 080 000 and consequeéntly a clock tick may be equal
to 0.Q4 seconds. When vui_timing_info_present_flag is equal to 1, it is.@’requirement of V3C bitstream
confdrmance that the value of num_units_in_tick shall be equal to théwalue of vui_num_unjits_in_tick.

time] scale is the number of time units that pass in one second-For example, a time coordjnate system
that fneasures time using a 27 MHz clock has a time_scale of<27 000 000. The value of timle_scale shall
be greater than 0. When vui_timing_info_present_flag is gqual to 1, it is a requirement of VBC bitstream
confdrmance that the value of time_scale shall be equal to'the value of vui_time_scale.

counting_type specifies the method of dropping values of the n_frames syntax element ag specified in
Tablg F.6.

Table F.6 — Definition of counting_type values

Value Interpretation

0 no dropping of n_frames count values and no use of time_off-
set_value

nd dropping of n_frames count values

dropping of individual zero values of n_frames count

dropping of unspecified individual n_frames count values

1
2
3 dropping of individual values of n_frames count equal to MaxFPS - 1
4
5

dropping of unspecified numbers of unspecified n_frames
count values

6..31 |reserved

full_timestamp_flag equal to 1 specifies that the n_frames syntax element is followed|by seconds_
value, minutes_value and hours_value. full_timestamp_flag equal to 0 specifies that the n_frames syntax
element is followed by seconds_flag.

discontinuity_flag equal to 0 indicates that the difference between the current value of clockTimestamp
and the value of clockTimestamp computed from the previous set of clock timestamp syntax elements
in output order can be interpreted as the time difference between the times of origin or capture of
the associated frames. discontinuity_flag equal to 1 indicates that the difference between the current
value of clockTimestamp and the value of clockTimestamp computed from the previous set of clock
timestamp syntax elements in output order should not be interpreted as the time difference between
the times of origin or capture of the associated frames. When discontinuity_flag is equal to 0, the value
of clockTimestamp shall be greater than or equal to the value of clockTimestamp for the previous set of
clock timestamp syntax elements in output order (when present).
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cnt_dropped_flag specifies the skipping of one or more values of n_frames using the counting method
specified by counting_type.

n_frames specifies the value of nFrames used to compute clockTimestamp. n_frames shall be less than
MaxFPS, where MaxFPS is specified by

MaxFPS = Ceil(time_scale + num_units_in_tick ) (F.4)

When counting_type is equal to 2 and cnt_dropped_flag is equal to 1, n_frames shall be equal to 1 and
the value of n_frames for the previous set of clock timestamp syntax elements in output order (when
present) shall not be equal to 0 unless discontinuity_flag is equal to 1.

NOTE 2  When counting_type[ i ] is equal to 2, the need for increasingly large magnitudes of tOffset in
Formula (F.3)] when using fixed non-integer frame rates (e.g., 12.5 frames per second with time_scale’equal to
50 and num_ginits_in_tick equal to 2) can be avoided by occasionally skipping over the value n_frames equal to
0 when countfing (e.g., counting n_frames from 0 to 12, then incrementing seconds_value and counting n_frames
from 1 to 12, then incrementing seconds_value and counting n_frames from 0 to 12, etc.).

and
hen

When count
the value of
present) sha

ng_type is equal to 3, and cnt_dropped_flag is equal to 1, n_framesrshall be equal to
n_frames for the previous set of clock timestamp syntax elements ih output order
|l not be equal to MaxFPS - 1 unless discontinuity_flag is equalto, 1.

NOTE3 When counting_type is equal to 3, the need for increasinglylarge magnitudes of tOfffet in
Formula (F.3) when using fixed non-integer frame rates (e.g., 12.5 frames per second with time_scale equal to
50 and num_yinits_in_tick equal to 2) can be avoided by occasionally skipping over the value n_frames equal to
MaxFPS - 1 when counting (e.g., counting n_frames from 0 to 12, therfincrementing seconds_value and counting
n_frames fror 0 to 11, then incrementing seconds_value and counting/n_frames from 0 to 12, etc.).

When count
to 1 plus the
(when prese

NOTE4 W
Formula (F.3)
of n_frames V
type is equal

seconds_flajg equal to 1 specifie§ that seconds_value and minutes_flag are present when

timestamp_f
not present.

seconds_va

shall be in the range of-0:to 59, inclusive. When seconds_value is not present, its value is inferred

equal to the
order, and it

ng_type is equal to 4 or 5, and cnt_dropped_flag is equal to 1, n_frames shall not be
value of n_frames for the previous set of clock timestamp syntax elements in output
ht) modulo MaxFPS unless discontinuity(flag is equal to 1.

equal
prder

set in
ralues
hting_

hen counting_type is equal to 4 or .5;the need for increasingly large magnitudes of tOff
when using fixed non-integer framesates can be avoided by occasionally skipping over some Y
Fhen counting. The specific values of n_frames that are skipped are not specified when cou
04 orb5.

full_

lag is equal to 0. seconds_flag equal to 0 specifies that seconds_value and minutes_flgg are

value
to be
bding

ue specifies the-value of sS used to compute clockTimestamp. The value of seconds |

value of seconds_value for the previous set of clock timestamp syntax elements in dec
is required that such a previous seconds_value shall have been present.

flag is eq_ual
and hours_fl

g equal to 1 specifies that minutes_value and hours_flag are present when full_timest

ag are not present.

minutes_value specifies the value of mM used to compute clockTimestamp. The value of minutes_value
shall be in the range of 0 to 59, inclusive. When minutes_value is not present, its value is inferred to be
equal to the value of minutes_value for the previous set of clock timestamp syntax elements in decoding
order, and it is required that such a previous minutes_value shall have been present.

hours_flag equal to 1 specifies that hours_value is present when full_timestamp_flag is equal to 0 and
seconds_flag is equal to 1 and minutes_flag is equal to 1.

hours_value specifies the value of hH used to compute clockTimestamp. The value of hours_value shall
be in the range of 0 to 23, inclusive. When hours_value is not present, its value is inferred to be equal to
the value of hours_value for the previous set of clock timestamp syntax elements in decoding order, and
itis required that such a previous hours_value shall have been present.
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time_offset_length greater than 0 specifies the length in bits of the time_offset_value syntax element.
time_offset_length equal to 0 specifies that the time_offset_value syntax element is not present. When
counting_type is equal to 0, time_offset_length shall be equal to 0.

NOTES5 time_offset_length is expected to be the same for all atlas frames in the CAS.

time_offset_value specifies the value of tOffset used to compute clockTimestamp. The number of
bits used to represent time_offset_value is equal to time_offset_length. When time_offset_value is not
present, its value is inferred to be equal to 0.
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Annex G
(normative)

Volumetric usability information

G.1 General

This annex

specifies syntax and semantics of the VUI parameters of the ASPSs associatedywi

atlas, identified with an atlas ID, VUIAtlasID, which is set equal to vuh_atlas_id or determined ‘thi

external me

VUI parame
decoders ar¢
(see Annex H

hins if the V3C unit header is unavailable.

ters are not required for constructing the atlas by the decoding proegess. Confor
 not required to process this information for output order conformanee to this docy
for the specification of output order conformance). Some VUI pardmeéters are requi

check bitstrg

In this anne|
(or some sul
this docume
specified in
some means
parameters
bits, only thg

bam conformance and for output timing decoder conformance.

X, specification for presence of VUI parameters is also satisfied when those parani

pset of them) are conveyed to decoders (or to the HRD) by other means not specif

nt. When present in the bitstream, VUI parameters shall follow the syntax and sem:z
this annex. When the content of VUI parameters is conveyed for the applicatic
other than presence within the bitstream, the fepresentation of the content of th
s not required to use the same syntax specified\n this annex. For the purpose of cou
appropriate bits that are actually present in the bitstream are counted.

th an
ough

ming
ment
ed to

eters
ed in
intics
n by
e VUI
nting

G.2 VUI syntax
G.2.1 VUIparameters syntax
vui_paramejters( ) { Descriptor
vui_tinling_info_present_flag u(1]
if( vui_tfiming_info_present ‘flag ) {
vui| num_units_in_tick u(32)
vui| time_scale u(32)
vui| poc_proportional_to_timing_flag u(1)
if( yui_pociproportional_to_timing_flag)
vuitnum_ticks_poc_diff_one_minus1 ue(V
vuilhrd_parameters_present flag u(l
if( vui_hrd_parameters_present_flag )
hrd_parameters( 0 )
}
vui_tile_restrictions_present_flag u(1)
if( vui_tile_restrictions_present_flag ) {
vui_fixed_atlas_tile_structure_flag u(1)
vui_fixed_video_tile_structure_flag u(1)
vui_constrained_tiles_across_v3c_components_idc ue(v)
vui_max_num_tiles_per_atlas_minus1 ue(v)
}
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vui_max_coded_video_resolution_present_flag u(1)
if( vui_max_coded_video_resolution_present_flag)
max_coded_video_resolution( )
vui_coordinate_system_parameters_present_flag u(1)
if( vui_coordinate_system_parameters_present_flag )
coordinate_system_parameters( )
vui_unit_in_metres_flag u(1)
vui_display_box_info_present_flag u(1)
iftvui—display-box-info—present—flagj<{ -
for(d=0;d < 3;d++) { ol
vui_display_box_origin[ d ] . ‘])) u(v)
vui_display box_size[ d ] (\)Q ’ u(v)
} A(‘\IQV
) Q>
yui_anchor_point_present_flag //C) i u(1)
if( vui_anchor_point_present_flag ) A\\V
for(d=0;d <3; d++) Ko
vui_anchor_point[ d ] QA N u(v)
} N
QV
G.2.7 HRD parameters syntax NS
QO
hrd_parameters( maxNumSubLayersMinusls.a@ Descriptor
hrd_nal_parameters_present_flag .\ N u(1)
11rd_acl_parameters_present_flég‘,z’ ) u(1)
i|f( hrd_nal_parameters_present_flag || hrd_acl_parameters_present_flag) {
hrd_bit_rate_scale A(-\,L‘ u(4)
hrd_cab_size_scale()\\ u(4)
} AN\
for(i=0;i<= m;@YmSubLayersMinusl; i++){
hrd_fixg&}t‘las_rate_general_ﬂag[ i] u(1)
if( !h,r\Qﬁ\b(‘ed_atlas_rate_general_flag[ i])
él)d_fixed_atlas_rate_within_cas_flag[ i] u(1)
(Blse
" hrd_fixed_atlas_rate within_cas_flag[i] =1
if( hrd_fixed_atlas_rate_within_cas_flag[i]) {
hrd_elemental_duration_in_tc_minus1[i ] ue(v)
hrd_low_delay_flag[i] =0
} else
hrd_low_delay_flag| i ] u(1)
if( 'hrd_low_delay_flag[i])
hrd_cab_cnt_minus1[i] ue(v)
else
hrd_cab_cnt_minus1[i] =0
if( hrd_nal_parameters_present_flag)
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hrd_sub_layer_parameters( 0,i)

if( hrd_acl_parameters_present_flag)

hrd_sub_layer_parameters( 1,i)

}

G.2.3 Sub-layer HRD parameters syntax

hrd_sub_layer_parameters( hrdMode, subLayerID ) { Descriptor
for(j=(0;j<=CabCnt; j++ ) {
hrd_bit_rate_value_minus1[ hrdMode ][ subLayerID ][ ] v
hrd_cab_size_value_minus1[ hrdMode ][ subLayerID ][ j ] ‘Lue(y
hrd_cbr_flag[ hrdMode ][ subLayerID ][ j ] K¢ 1”7 u(1]
} S
} -V
. . . &’
G.2.4 Maximum coded video resolution syntax O\\
V.l
max_coded |video_resolution( ) { &\‘O Descriptor
mcv_occupancy_resolution_present_flag <l o u(1}
mcv_geometry_resolution_present_flag AQ\ u(1}
mcv_atfribute_resolution_present_flag &\Y u(1}
if( mcv_occupancy_resolution_present_flag ) { A‘\\)‘
mcy_occupancy_width 5{0‘0 ue(V)
mcy_occupancy_height n$ ue(V)
} N
if( mcv_geometry_resolution_presep‘t}@g ){
mcy_geometry width _\\('3"~ ue(v)
mcy_geometry_height (O ue(v)
} N
if( mcv_attribute_reso](at(;"&n‘_present_flag ){
mcv_attributg@id\t’h ue(v)
mcv_attribp-(@\leight ue(V)
} ~
} R
N
G.2.5 Coordinate system parameters syntax
coordinate_system_parameters( ) { Descriptor
csp_forward_axis u(2)
csp_delta_left_axis_minus1 u(1)
csp_forward_sign u(1)
csp_left_sign u(1)
csp_up_sign u(1)
}
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G.3 VUI semantics

G.3.1 VUI parameters semantics

vui_timing_info_present_flag equal to 1 specifies that vui_num_units_in_tick, vui_time_scale,
vui_poc_proportional_to_timing_flag, and vui_hrd_parameters_present_flag are present in the vui_
parameters( ) syntax structure. vui_timing_info_present_flag equal to 0 specifies that vui_num_units_
in_tick, vui_time_scale, vui_poc_proportional_to_timing_flag, and vui_hrd_parameters_present_flag
are not present in the vui_parameters( ) syntax structure.

vui_num_units_in tlck is the number of time units ofa clock operatmg at the frequency vui_time_scale

_time_scale is the number of time units that pass in one second. Forexample, a tim
that measures time using a 27 MHz clock has a vui_time_scale of 27 000 000. The
time |scale shall be greater than 0.

vui_poc_proportional_to_timing_flag equal to 1 indicates thatthe atlas frame order co
each ptlas frame in the CAS that is not the first atlas frame in the€AS, in decoding order, is
to th¢ output time of the atlas frame relative to the output titne of the first atlas frame in {
poc_proportional_to_timing_flag equal to 0 indicates that the atlas frame order count vz
atlasjframe in the CAS that is not the first atlas frame in the CAS, in decoding order, may o
prop¢rtional to the output time of the atlas frame reldtive to the output time of the first a
the CAS.

vui_num_ticks_poc_diff_one_minus1 plus_l~specifies the number of clock ticks corresj

hnits_in_tick
“lnits_in_tick
i_time_scale
nsequently a

b coordinate
value of vui_

int value for
proportional
he CAS. vui_
1lue for each

i may not be

tlas frame in

ponding to a

diffefence of atlas frame order count values equal to 1. The value of vui_num_ticks_poc_diff one_

minuf1 shall be in the range of 0 to 232 -2, inclusive.

vui_hrd_parameters_present_flaglequal to 1 specifies that the syntax structure hrd_parameters( )

is present in the vui_parameters( ) syntax structure. vui_hrd_parameters_present_flag equal to 0
specifies that the syntax structie hrd_parameters( ) is not present in the vui_parametg¢rs( ) syntax
strucfure.

d_atlas_tile_
omponents_

vui_tile_restrictions_present_flag equal to 1 specifies that the syntax elements vui_fixe
strucfure_flag, vuicfixed_video_tile_structure_flag, vui_constrained_tiles_across_v3c_
idc, and vui_max_num_tiles_per_atlas_minusl are present in the vui_parameters( ) syntax structure.
vui_t]le_restrictions_present_flag equal to 0 specifies that the syntax elements vui_fixdd_atlas_tile_
structure_flag, wui_fixed_video_tile_structure_flag, vui_constrained_tiles_across_v3c_comjponents_idc,
and Vui_max-num_tiles_per_atlas_minus1 are not present in the vui_parameters( ) syntax|structure.

vui_fiixed_atlas_tile_structure_flag equal to 1 indicates that all the atlas frames of the ¢urrent atlas
shall have the same tiling structure. vui_fixed_atlas_tile_structure_flag equal to 0 indicates that atlas
frames of the current atlas may or may not have the same tiling structure. When the vui_fixed_atlas_
tile_structure_flag syntax element is not present, it is inferred to be equal to 0.

vui_fixed_video_tile_structure_flag equal to 1 indicates that for each video sub-bitstream associated
with the current atlas, all of its frames shall have the same tiling structure. vui_fixed_video_tile_
structure_flag equal to 0 indicates that for each video sub-bitstream associated with the current atlas,
frames may or may not have the same tiling structure. When the vui_fixed_video_tile_structure_flag
syntax element is not present, it is inferred to be equal to 0.

vui_constrained_tiles_across_v3c_components_idc indicates whether any constraints apply to the
sizes of tiles in the atlas sub-bitstream and the video tiles in the video sub-bitstreams, as specified in
Table G.7.
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Table G.7 — Definition of vui_constrained_tiles_across_v3c_components_idc

Value Interpretation
0 Unconstrained
1 Proportionally constrained video tiles
2 Atlas based constrained video tiles with exact match
3 Atlas based constrained video tiles
4 Edge based constrained video tiles

Values outside the 0 to 4 range, inclusive, are reserved for future use by ISO/IEC. It is a requirement of

bitstream cqrfornmarce tirat bitstreanTs Conformming to this edition of this document stratt ot tontain

such values ¢f vui_constrained_tiles_across_v3c_components_idc.

Video tiles d
may vary in
pictures, am
video tile. T

h and
sub-
gingle

an be independent coding units defined by the video or image coding specificatiol

name according to such specification. Names could include slices, partitions;‘tiles, of

ong others. Some specifications may not support multiple tiles, i.e. aredimited to a
specification of such tiles is outside the scope of this document.

:[ne

vui_constrained_tiles_across_v3c_components_idc equal to 0 means that thef(tile sizes of the vide
constrained
constrained

o are
only by the video coding specification used. The tile sizes ofi\the atlas sub-bitstream are
by this document.

vui_constrained_tiles_across_v3c_components_idc equal to 1 means:that the tile sizes of the videp and

atlas sub-bitlstreams are constrained as follows:

For each tile
present (att

in the atlas sub-bitstream, there is a corresponding’video tile for each video sub-bitst
fibutes, geometry and occupancy) such that<thé video tile, when scaled to the no

ream
minal

format, as defined in Annex B.2, represents exactly thésame area on the atlas as the corresponding
atlas tile.
NOTE1 Infthis edition of this document, the nominalformat has the same resolution as the atlas.

Let the widt
height of the|
the atlas tile

h and
bht of

h and height of the video be videoWidth and videoHeight, respectively. Let the widt
video tile be videoTileWidth and videoTileHeight, respectively. Let the width and hei

be atlasTileWidth and atlasTileHeight, respectively. Then,
videoTileWidth = atlasTileWidth * videoWidth / asps_frame_width and
videoTileHeight = atlasTileHeight* videoHeight / asps_frame_height.

It shall be pg
reference to

ssible to decodeeach video tile that corresponds to a tile in the atlas sub-bitstream without
any information from other video tiles in that sub-bitstream.

vui_constrained_tiles_across_v3c_components_idc equal to 2 means that the tile sizes of the videp and

atlas sub-bitstreams are constrained as follows:

For each tile i the atias sub-bitstream, there 1S a Set of video tites for each video sub-bitstream present
(occupancy, geometry and attributes) such that the set of video tiles, when scaled to the nominal format,
as defined in Annex B.2, together, represent exactly the same area on the atlas as the atlas tile.

NOTE 2  In this edition of this document, the nominal format has the same resolution as the atlas.

It shall be possible to decode each set of video tiles that corresponds to a tile in the atlas sub-bitstream
without reference to any information from video tiles from that sub-bitstream that are outside that set.

vui_constrained_tiles_across_v3c_components_idc equal to 3 means that the tile sizes of the video and
atlas sub-bitstreams are constrained as follows:

For each tile in the atlas sub-bitstream, there is a corresponding video tile for each video sub-bitstream
present (occupancy, geometry and attributes) such that the video tile, when scaled to the nominal
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format, as defined in Annex B.2, represents an area on the atlas that is greater than or equal to the area
represented by the atlas tile.

NOTE 3 In this edition of this document, the nominal format has the same resolution as the atlas.

The number of luma samples in the video tile shall be less than or equal to the number of samples in the
atlas tile.

It shall be possible to decode each video tile that corresponds to a tile in the atlas sub-bitstream without
reference to any information from other video tiles in that sub-bitstream.

vui_constrained_tiles_across_video_components_idc equal to 4 means that for all video sub-bitstreams,
the tiling pattern, after scaling to the nominal format, as defined in Annex B.Z, is considgred, is such
that ¢ne of the following must hold for any pair of tiles, X from one sub-bitstream and)Y from another
sub-Hitstream:

and Y are non-overlapping
is completely contained in Y
is completely contained in X.

It sha information

from

11 be possible to decode each tile in the video sub-bitstreams-without reference to any
other tiles in that video bitstream.

NOTH4 In this edition of this document, the nominal format hds the same resolution as the atlad.

The 5
sub-h
comp

izes of the tiles in the auxiliary atlas sub-bitstfeam and the video tiles in the auxiliary video
itstreams are also constrained depending on the value of vui_constrained_tiles_across_video_
onents_idc.

vui_n

vui_
cod
resol
not p

vui_g
Coord
syste]

parameters( ) is not(pyesent in the vui_parameters( ) syntax structure.

vui_u
in me
unit_

EII

nax_num_tiles_per_atlas_minus1 plus d(indicates the maximum number of tiles prese

ax_coded_video_resolution_present_flag equal to 1 specifies that the syntax str
_video_resolution( ) is present in-the vui_parameters( ) syntax structure. vui_max_(

ition_present_flag equal to 0 specifies that the syntax structure max_coded_video_re
resent in the vui_parameters(-) syntax structure.

oordinate_system_parameters_present_flag equal to 1 specifies that the synt
inate_system_parameters( ) is present in the vui_parameters( ) syntax structure. vui
Im_parameters_present_flag equal to 0 specifies that the syntax structure coordin

nit_in_metres_flag equal to 1 specifies that the real-world coordinates information
tres. vui_unit_in_metres_flag equal to 0 specifies that the world coordinates are un
n_metres_flag is not present, it shall be inferred to be equal to 0.

htin the CAS.

ucture max_
oded_video_
solution( ) is

hX structure
| coordinate_
ate_system_

is expressed
tless. If vui_

vui_d

lisplay_box_info_present_flag equal to 1 specifies that the syntax elements vui_|

display_box_

origin[ d | and vui_display_box_size[ d | are present in the vui_parameters( ) syntax structure. vui_
display_box_info_present_flag equal to 0 specifies that the syntax elements vui_display_box_origin[ d ]
and vui_display_box_size[ d ] elements are not present in the vui_parameters( ) syntax structure. The
values of d equal to 0, 1 and 2 correspond to the X, Y and Z axis, respectively.

vui_display_box_origin[ d | specifies an offset with respect to the coordinate system origin point along
the axis d. When elements of the vui_display_box_origin[ d ] are not present, its values shall be inferred
to be equal to 0. The number of bits used to represent vui_display_box_origin[ d ] is asps_geometry_3d_
bit_depth_minus1 +1. The values of d equal to 0, 1 and 2 correspond to the X, Y and Z axis, respectively.

vui_display _box_size[ d | specifies the size of the display box in terms of samples in the direction of
the axis d. When elements of the vui_display_box_size[ d ] are not present, its values are unknown.
The number of bits used to represent vui_display_box_origin[ d ] is asps_geometry_3d_bit_depth_
minusl + 1.
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The following variables are derived from the display box parameters:

minOffset[ d | = vui_display_box_origin[ d ]

maxOffset[ d ] = vui_display_box_origin[ d ] + vui_display_box_size[ d ]

(G.1)

(G.2)

where the values of d equal to 0, 1 and 2 correspond to the X, Y and Z axis, respectively.

vui_anchor_

point_present_flag equal to 1 indicates that vui_anchor_point[ d ] syntax elements are

present in the vui_parameters( ) syntax structure. vui_anchor_point_present_flag equal to 0 indicates

that vui_anc

vui_anchor]
point[ d ] sh
present it sh|
is asps_geon
and Z axis, r

G.3.2 HRL

The hrd_pa
a layer set.

one layer sh
parameters
syntax strug

layer_id values present in the CAS.

For interpre
subset (or a |
applies.

hrd_nal_paj
II bitstream
present_flag
syntax strud

NOTE1T W
verified with
some means 1f

hrd_acl_panameters_presént_flag equal to 1 specifies that ACL HRD parameters (pertaini

all bitstrean
parameters |
parameters

NOTEZ W

verified withou

ornointl dlolomoents are naot nrocont
To—p Ot e e S e O Pt THer

point[ d ] indicates a position of an anchor point along the d axis. The value of vuilanchor_
all be in range of 0 to 2asps_geometry 3d_bit_depth_minusl+l _ 1 _[f vui_anchor_poift[d ] |s not
pll be inferred to be equal to 0. The number of bits used to represent vui_anc¢hor_point[ d ]
hetry_3d_bit_depth_minusl + 1. The values of d equal to 0, 1 and 2 corgespond to the X, Y
bspectively.

) parameters semantics

ameters( ) syntax structure provides HRD parameters uged in the HRD operations for
t is a requirement for bitstream conformance to this edition of this document that only
hll be supported, i.e. nal_layer_id and nal_temporal_id shall be equal to 0. When the hrd_
) syntax structure is included in an ASPS, the layer set to which the hrd_parametprs( )
ture applies is the layer set for which the associdted layer identifier list contains alfl nal_

Lation of the following semantics, the bitstréam (or a part thereof) refers to the bitst
part thereof) associated with the layer set'to which the hrd_parameters( ) syntax stru

ream
cture

rameters_present_flag equal to 1ispecifies that NAL HRD parameters (pertaining to
conformance) are present in the-hrd_parameters( ) syntax structure. hrd_nal_parame
equal to 0 specifies that NAL 'HRD parameters are not present in the hrd_paramet
ture.

Type
pters_

ers( )

hen hrd_nal_parameters_present_flag is equal to 0, the conformance of the bitstream canmnot be
ut provision of the NAL'HRD parameters and all buffering period and atlas timing SEI messages, by
ot specified in this. document.

ng to
| _acl_
hrd_

h conformiance types) are present in the hrd_parameters( ) syntax structure. hr¢
present:flag equal to 0 specifies that ACL HRD parameters are not present in the
) symtax structure.

ot be
es, by

t provi_sioﬁ of the ACL HRD para_meers and all buffering period and atlas timing SEI messag

some means not specified in this document.

hrd_bit_rate_scale, together with hrd_bit_rate_value_minus1[ h ][ i ][] ], specifies the maximum input
bit rate of the j-th CAB when Htid is equal to i. When hrd_bit_rate_scale is not present, its value is
inferred to be equal to 1.

hrd_cab_size_scale, together with hrd_cab_size_value_minus1[ h ][ i][j ], specifies the CAB size of the
j-th CAB when Htid is equal to i and when the CAB operates at the coded atlas access unit level. When
hrd_cab_size_scale is not present, its value is inferred to be equal to 1.

hrd_fixed_atlas_rate_general_flag|[ i | equal to 1 indicates that, when Htid is equal to i, the temporal
distance between the HRD output times of consecutive atlas frames in output order is constrained
using additional syntax elements. hrd_fixed_atlas_rate_general_flag[ i ] equal to O indicates that this
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constraint may not apply. When hrd_fixed_atlas_rate_general_flag[ i ] is not present, it is inferred to be
equal to 0.

hrd_fixed_atlas_rate_within_cas_flag[ i | equal to 1 indicates that, when Htid is equal to i, the
temporal distance between the HRD output times of consecutive atlases in output order is constrained

using additional syntax elements. hrd_fixed_atlas_rate_within_cas_flag[ i
this constraint may not apply. When hrd_fixed_atlas_rate_within_cas_flag[ i

] equal to 0 indicates that
] is not present (hrd_

fixed_atlas_rate_general_flag[ i ] is equal to 1), the value of hrd_fixed_atlas_rate_within_cas_flag[i] is

inferred to be equal to 1.

hrd elemental duratlon in_tc mlnusl[

n ] shall be equal to CloekTick * ( hr

the atlas frame nextAtlasFramelnOutputOrder is in the same-€AS as the atlas frame n.

general_flag[i] is equal to 1 in the CAS containing the atlas frame nextAtlasFrameln
the value of ClockTick is the same for both CASs, afd the value of hrd_elemental_du
inus1[i] is the same for both CASs.

Wher
atlas
elemg
valug
next/
fram

Htid is equal to i and hrd_fixed_atlas_ratecwithin_cas_flag[ i ] is equal to 1 for a CA|

frame n, the value computed for DabOufputinterval[ n ] shall be equal to Clock’
bntal_duration_in_tc_minus1[i] + 1), wiierein ClockTick is as specified in Formula (E
of ClockTick for the CAS containing atlas frame n) when the following atlas frame in
\tlasFramelnOutputOrder that is spécified for use in Formula (E.12) is in the same
P 1.

hrd_
Anne

ow_delay_flag[ i ] specifies‘the HRD operational mode, when Htid is equal to i, as
x E. When not present, thewalue of hrd_low_delay_flag[ i ] is inferred to be equal to 0.

NOTE
remoy
atlase

3 When hrd_low.delay flag[i] is equal to 1, it is possible for "big atlases" that violate the|
ral times due to the mumber of bits used by an access unit. It is expected, but not required,
s" occur only oc€asionally.

hrd_
of the
inclu

fab_cnt_minus1[ i ] plus 1 specifies the number of alternative CAB specifications in t
CAS when'Htid is equal to i. The value of hrd_cab_cnt_minus1[ i ] shall be in the ran
sive., When not present, the value of hrd_cab_cnt_minus1[i] is inferred to be equal to

] plus 1 when present spec1f1es when Htid is equal to i,

utput times
ration_in_tc_

Htid is equal to i and hrd_fixed_atlas_rate_general_flag[ i ] is equal to 1 for a'€AS conftaining atlas

_elemental_
the value of
true for the
mula (E.12):

the atlas frame nextAtlasFramelnOutputOrder is in a different CAS and hrd_fixedl_atlas_rate_

utputOrder,
ration_in_tc_

S containing
ick * ( hrd_
1) (using the
butput order
CAS as atlas

specified in

nominal CAB
that such "big

he bitstream
e of 0 to 31,
0.

G.3.3

HRD cuh-layer parameters semantics

The variable CabCnt is set equal to hrd_cab_cnt_minus1[ subLayerID ].

hrd_bit_rate_value_minus1[ h][i][j] (together with hrd_bit_rate_scale) specifies the maximum input
bit rate for the j-th CAB, for the i-th sub-layer, when the CAB operates at the access unit level, with h
indicating the type of bitstream conformance. hrd_bit_rate_value_minus1[ h ][ i ][ j ] shall be in the
range of 0 to 232 - 2, inclusive. For any j greater than 0 and any particular value of i, hrd_bit_rate_value_
minus1[ h][i][]j] shall be greater than hrd_bit_rate_value_minus1[h][i][j-1].
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The bit rate in bits per second is given by:

BitRate[ h ][i][j] = (hrd_bit_rate_value_minus1[h ]J[i][j] + 1) * 2(6 + hrd_bit_rate_scale) (G.3)

When the hrd_bit_rate_value_minus1[ h ][ i][j] syntax element is not present, the value of BitRate[ h ]
[i][j]is inferred to be equal to MaxAtlasBR, where MaxAtlasBR is specified in Annex A.

hrd_cab_size_value_minus1[ h ][ i ][ j ] is used together with cpb_size_scale to specify the j-th CAB
size, for the i-th sub-layer, when the CAB operates at the access unit level, with h indicating the type
of bitstream conformance. hrd_cab_size_value_minus1[ h ][ i ][ j ] shall be in the range of 0 to 232 - 2,
inclusive. For any j greater than 0 and any particular value of i, hrd_cab_size_value_minus1[ h J[i][j ]

shall be lessthan or equal to hrd_cab_size_value_minusI[h J[1][j-T].

The CAB siz¢ in bits is given by:
h][i][j]= (hrd_cab_size_value_minus1[h][i][j] + 1) * 2(#4+hrd_cab_size_scale)) (G.4)

_cab_size_value_minus1[ h ][ i][j ] syntax element is not present, thevalue of CabSize[ h ]

_cbr_ [h][i][j]equal to O specifies that to decode this CAS bitstreani by the HRD using the j-th
CAB specifidation, for the i-th sub-layer and with h indicating the type of bitstream conformancg, the
hypothetical stream scheduler (HSS) operates in an intermittent bit rate mode. hrd_cbr_flag[ h [[[i ][ j ]
equal to 1 specifies that the HSS operates in a constant bit rate (CBR))mode. When not present, the value
of hrd_cbr_flag[ h ][ i][j] is inferred to be equal to 0.

G.3.4 Maximum coded video resolution semantics

mcv_occupdncy_resolution_present_flag equal to@l specifies that the syntax elements |mcv_
occupancy_width and mcv_occupancy_height are present in the max_coded_video_resolution( ) syntax
structure. mcv_occupancy_resolution_present_flag equal to 0 specifies that the syntax elements
mcv_occupahcy_width and mcv_occupancy_height are not present. When mcv_occupancy_resolytion
present_flag|is not present, its value is inferred to be equal to 0.

mcv_geomelry_resolution_present_flag equal to 1 specifies that the syntax elements mcv_geonjetry_
width and micv_geometry_height are present in the max_coded_video_resolution( ) syntax stru¢ture.
mcv_geometry_resolution_present: flag equal to 0 specifies that the syntax elements mcv_geonjetry_
width and nmcv_geometry_heightiare not present. When mcv_geometry_resolution_present_flag |s not
present, its yalue is inferred-te-be equal to 0.

mcv_attribyte_resolution_present_flag equal to 1 specifies that the syntax elements mcv_attripute_
width and nmjcv_attribute_height are present in max_coded_video_resolution( ) syntax structure.|mcv_
attribute_resolutionypresent_flag equal to 0 specifies that the syntax elements mcv_attribute_yidth
and mcv_attfibute) height are not present. When mcv_attribute_resolution_present_flag is not pr¢sent,
its value is infefred to be equal to 0.

mcv_occupancy_width specifies the maximum width value allowed for any frame in the occupancy
sub-bitstream of the current atlas, VUIAtlasID. mcv_occupancy _width shall be larger than or equal to
DecOccWidth[ i ], as defined in subclause 9.3, for i in the range of 0 to NumDecOccFrames - 1, inclusive.
If mcv_occupancy_width is not present, then no constraint to the width of the occupancy sub-bitstream
frames is specified.

mcv_occupancy_height specifies the maximum height value allowed for any frame in the occupancy
sub-bitstream of the current atlas, VUIAtlasID. mcv_occupancy_height shall be larger than or equal to
DecOccHeight[ i ], as defined in subclause 9.3, for i in the range of 0 to NumDecOccFrames - 1, inclusive.
If mcv_occupancy_height is not present, then no constraint to the height of the occupancy sub-bitstream
frames is specified.
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mcv_geometry width specifies the maximum width value allowed for any frame in the geometry
auxiliary and non-auxiliary sub-bitstreams of the current atlas, VUIAtlasID. mcv_geometry width shall
be larger than or equal to DecGeoWidth[ geoBitstreamldx ][ i ] and DecGeoAuxWidth][ j |, as defined
in subclause 9.4, with geoBitstreamldx in the range of 0 to vps_multiple_map_streams_present_
flag[ VUIAtlasID ] ? vps_map_count_minus1[j]: 0, inclusive, iin the range of 0 to NumDecGeoFrames - 1,
inclusive, and j in the range of 0 to NumDecGeoAuxFrames - 1, inclusive. If mcv_geometry_width is not
present, then no constraint to the width of the geometry auxiliary and non-auxiliary sub-bitstream
frames is specified.

mcv_geometry_height specifies the maximum height value allowed for any frame in the geometry
auxiliary and non-auxiliary sub-bitstreams of the current atlas, VUIAtlasID. mcv_geometry_height shall

bel

flag[
inclu
prese
fram

mcv_
auxil
shall
DecA
to ai|
parti
map |
to Nu
mcv

VUIAtlasID | ? vps_map_count_minus1[j]: 0, inclusive,iin the range of 0 to NumDPecGe
5ive, and j in the range of 0 to NumDecGeoAuxFrames - 1, inclusive. If mcv_geometry

s is specified.

attribute_width specifies the maximum width value allowed for,any frame in t
ary and non-auxiliary sub-bitstreams of the current atlas, MUIAtlasID. mcv_att
be larger than or equal to DecAttrWidth[ attrldx ][ partldx ][ attrBitstreamld
ttrAuxWidth[ attrldx ][ partldx ][ j ], as defined in subclause‘9.5, with attrldx in th
attribute_count[ VUIAtlasID ] - 1, inclusive, partldx in the’range of 0 to ai_attribute
fions_minus1[ VUIAtlasID ][ attrldx ], inclusive, attrBitstreamldx in the range of 0 to v
streams_present_flag[ VUIAtlasID | ? vps_map_counit_minusl[j ] : 0, inclusive, , i in tl
mDecAttrFrames - 1, inclusive, and j in the rangé.of 0 to NumDecAttrAuxFrames - 1
httribute_width is not present, then no constraitit to the width of the attribute auxili

Wmmtmwmﬁmmwas defined
s_present_

in subclause 9.4, with geoBitstreamldx in the range of 0 to vps_multiple_map_stre
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height is not

nt, then no constraint to the height of the geometry auxiliary and non-auxiliary syb-bitstream
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ribute_width
x ][ i ] and
e range of 0
_dimension_
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e range of 0
inclusive. If
hry and non-

auxillary sub-bitstream frames is specified.
mcv_attribute_height specifies the maximuni height value allowed for any frame in the attribute
auxillary and non-auxiliary sub-bitstreams “of the current atlas, VUIAtlasID. mcv_attifibute_height

shall
DecA
to ai|
parti
map_|
to Nu

be larger than or equal to DecAttrHeight[ attrldx ][ partldx ][ attrBitstreamld
ttrAuxHeight[ attrldx ][ partldx }}j ], as defined in subclause 9.5, with attrldx in th
attribute_count[ VUIAtlasID J<=“1, inclusive, partldx in the range of 0 to ai_attribute
fions_minus1[ VUIAtlasID, Jfattrldx ], inclusive, attrBitstreamldx in the range of 0 to v
streams_present_flag[ VUIAtlasID | ? vps_map_count_minusl[j] : 0, inclusive, , i in tl
mDecAttrFrames - 1, inclusive, and j in the range of 0 to NumDecAttrAuxFrames - 1|

x ][ i ] and
e range of 0
_dimension_
ps_multiple_
e range of 0

inclusive. If

mcv_pttribute_height isagt present, then no constraint to the height of the attribute auxilipry and non-
auxillary sub-bitstreaim frames is specified.
G.3.3 Coordinate system parameters semantics
The qoordinate system parameters assign the orthogonal directions forward, left and up to the axis
indices 02 corresponding to abstract dimensions X, y and z.
csp_ferward—axisspecifiesthe-axisindexoftheforward direction—The-variable-EspForward AxisIndex
is derived as follows:

CspForwardAxisIndex = csp_forward_axis (G.5)
csp_delta_left_axis_minusl plus 1 specifies the difference between the Ileft axis index,

CspLeftAxisIndex, and the forward axis index, CspForwardAxisIndex. The variable CspLeftAxisIndex is

deriv

C

ed as follows:

spLeftAxisIndex = (CspForwardAxisIndex + csp_delta_left_axis_minusl + 1) % 3

(G.6)

The variable CspUpAxisindex is derived from the CspForwardAxisIndex and CspLeftAxisIndex

varia

bles:
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if( CspForwardAxisIndex != (CspLeftAxisIndex + 1) % 3)

CspUpAxisindex = (CspLeftAxisIndex + 1) % 3

else

CspUpAxisindex = (CspLeftAxisIndex + 2) % 3

(G.7)

(G.8)

csp_forward_sign specifies the forward direction in relation to the forward axis. csp_forward_sign
equal to 1 specifies that the forward direction is equal to the forward axis direction. csp_forward_sign

equalto0s

The variablg
number and

for(i=0;i<
CspForw

csp_left_sig
that the left

direction is ¢ppposite to the left axis direction.

The variabld
derived as fd

for(i=0;i<
CspLeft}
csp_up_sign

the up direc
is opposite t

The variablg
derived as fd

for(i=0;i<
CspUpVe
NOTE Th

coordinate tr
out of scope 0

array CspForwardVector[ i ] is the forward direction as a unit vector with~i the
is derived as follows:

3; i++ )
ardVector[i] = (i == CspForwardAxisIndex ) ? (2 * csp_forward_sign1) : 0

n specifies the left direction in relation to the left axis. csp_leffssign equal to 1 spe
direction is equal to the left axis direction. csp_left_sign equal to 0 specifies that th

array CspLeftVector][ i] is the left direction as a unit wector with i the axis number :
llows:

3; i++)
ector[i] = (i==CspLeftAxisindex ) ? (2 *esp_left_sign-1):0
specifies the up direction in relation'to the up axis. csp_up_sign equal to 1 specifie

fion is equal to the up axis direction. csp_up_sign equal to 0 specifies that the up dire
b the up axis direction.

array CspUpVector][ i | is:the up direction as a unit vector with i the axis number 2
llows:

3; i++)

ctor[ i] = (i==ESpUpAxisindex)? (2 *csp_up_sign-1):0

e threewectors CspForwardVector, CspLeftVector and CspUpVector can be combined i

axis

(G.9)

cifies
e left

ind is

G.10)

5 that
ction

nd is

G.11)

nto a

hinsformation matrix for rendering purposes. The layout of the coordinate transformation maftrix is

f this'document.
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Annex H
(normative)

Video-based point cloud coding

H.1 General

This annex specifies the syntax, semantics, decoding, post-decoding, pre-reconstruction;rédonstruction,
post-reconstructions, and adaptation processes for video-based point cloud compression|that use the
syntdx, semantics, decoding, post-decoding, pre-reconstruction, reconstruction, post-recanstructions,
and ddaptation processes specified in Clauses 2 through 14, inclusive and Annex’A throygh Annex F,
inclugive. This annex also specifies profiles, tiers and levels for video-based pbint cloud co:t‘lpression.

H.2 | Overall V-PCC characteristics, decoding operations and post-decoding
progesses

H.2.1 V3C characteristics

The gpecifications in subclause 6.1 apply.

H.2.2 V3C bitstream characteristics, decoding operations and post-decoding processes

This gubclause provides high-level description of the characteristics and the operations n¢eded for the
decodling of V3C bitstreams and optional post-decoding and reconstruction related procgsses needed
by applications, which may include nominal format conversion, pre-reconstruction, redonstruction,
post-reconstruction and adaptation.

As mlentioned in subclause 6.1, a*V¥3C bitstream is composed of a collection of V3C fomponents,
such [as atlas, occupancy, geomefry and attribute components. Furthermore, to provide additional
functiionalities and similar flexibility as available in many video specifications, the atlay component
may be divided into tiles andis encapsulated into NAL units. Clause 7 provides further details on the
encapsulation of V3C component bitstreams into V3C units and NAL units.

V3C bitstream syntax elements and their semantics are specified in Clause H.4. Particfilar focus is
placed on the atlasibitstream, its characteristics, and any constraints that may apply on suth syntax.

Claude H.5 invokes the decoding process of a V3C bitstream or a collection of V3C sub-bitsfreams, with
outp;Ets composed of decoded atlas information, a set of decoded video streams, correspdnding to the

occupancy, geometry and attribute components, if available, and any associated informatjion from the
VPS ifavailable-

The decoded video frames may require the application of additional transformations, as described in
Annex B, before any reconstruction operations. For example, the different components may need to
be time-aligned and converted to a nominal video format. The outputs of Annex B are the following
videos in the nominal format: OccFramesNF and GeoFramesNF, and, if present, GeoAuxFramesNF,
AttrFramesNF, and AttrAuxFramesNF.

With the V3C components in the nominal format, the point cloud content is obtained by invoking several
additional steps, including pre-reconstruction, reconstruction, post-reconstruction and adaptation.

The pre-reconstruction process, which is specified in Clause H.6, may specify additional processes to
be applied on the reconstructed video frames, such as certain forms of post-filtering, which may result
in improved visual quality or other benefits. Currently a process that allows for the modification of
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the occupancy frames, OccFramesNF, is specified. In particular, the technique named as the occupancy
synthesis process is specified in subclause H.6.2.

In the reconstruction stage, described in Clause H.7, the video components in the nominal
format, OccFramesNF and GeoFramesNF, and, if present, GeoAuxFramesNF, AttrFramesNF, and
AttrAuxFramesNF, along with the decoded atlas data, are processed to reconstruct the point cloud

content.

The reconstructed point cloud content can be further processed by applying post-reconstruction
methods, as described in Clause H.8. For example, point cloud post-reconstruction in the form of
applying a geometry smoothing, attribute smoothing, or attribute transfer process, may be performed

on the reconstructed pninf r‘]r\nﬂ' as cpnrifind insubclauses H 8 2 H83 and HS8 8 rncpnr‘h'wn]y

Depending ¢

H.3 Bitstfeam format, partitioning and scanning process

The specifications in Clause 7 and its subclauses apply.

H.4 Synts
H.4.1 Met
The specific
H.4.2 Spes
The specific
H.4.3 Synt
H.4.3.1 Ge
The specific
H.4.3.2 V3

The specific

H.4.3.3 By

The specific

x and semantics

hod of specifying syntax in tabular form

hitions in subclause 8.1 apply.

rification of syntax functions and descriptors

hitions in subclause 8.2 apply

ax in tabular form

neral

itions in subclause 8.3.1 and its subclauses apply.

C unit syntax

itions in subclause 8.3.2 and its subclauses apply.

fe alignment syntax

itions’in subclause 8.3.3 and its subclauses apply.

n the application, the post-reconstructed point cloud content can be further-optignally
processed by additional transformations, as described in Clause H.9.

H.4.3.4 V3

C parameter set syntax

The specifications in subclause 8.3.4 and its subclauses apply.

H.4.3.5 NAL unit syntax

The specifications in subclause 8.3.5 and its subclauses apply.
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H.4.3.6 Raw byte sequence payloads, trailing bits and byte alignment syntax
H.4.3.6.1 Atlas sequence parameter set RBSP syntax

H.4.3.6.1.1 General atlas sequence parameter set RBSP syntax

The specifications in subclause 8.3.6.1.1 apply.

H.4.3.6.1.2 Point local reconstruction information syntax

The pprifir‘nfinnq in subclanse 83 612 ;\pplv

H.4.3.6.1.3 ASPS V-PCC extension syntax

asps|vpcc_extension( ) { Descriptor
3sps_vpcc_remove_duplicate_point_enabled_flag u(1)

i|f( asps_pixel_deinterleaving_enabled_flag || asps_plr_enabled_flag)

asps_vpcc_surface_thickness_minus1 ue(v)

}

H.4.3.6.2 Atlas frame parameter set RBSP syntax

The gpecifications in subclause 8.3.6.2 and its subclauses apply.
H.4.3.6.3 Atlas adaptation parameter set RBSP‘syntax

H.4.3.6.3.1 General atlas adaptation parameter set RBSP syntax

The gpecifications in subclause 8.3.6.3 apply.

H.4.3.6.3.2 AAPS V-PCC extensionsyntax

aaps|vpcc_extension () { Descriptor
jqaps_vpcc_camera_parameters_present_flag u(1)

if(aaps_vpcc_camera_parameters_present_flag)

atlas_camiera_parameters( )

}

H.4.3.6,3.3) Atlas camera parameters syntax

atlas_camera_parameters( ) { Descriptor
acp_camera_model u(8)
if(acp_camera_model == 1) {
acp_scale_enabled_flag u(1)
acp_offset_enabled_flag u(1)
acp_rotation_enabled_flag u(1)

if(acp_scale_enabled_flag)
for(d=0;d<3;d++)
acp_scale_on_axis|[ d | u(32)

if( acp_offset_enabled_flag)
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for(d=0;d < 3;d++)

acp_offset_on_axis[ d ] i(32)
if(acp_rotation_enabled_flag) {
acp_rotation_gx i(16)
acp_rotation_qy i(16)
acp_rotation_qz i(16)

}

H.4.3.6.4 Supplemental enhancement information RBSP syntax

The specific
H.4.3.6.5 A
The specific
H.4.3.6.6 E

The specific

H.4.3.6.7 B

The specific

htions in subclause 8.3.6.4 and its subclauses apply.

ccess unit delimiter RBSP syntax

htions in subclause 8.3.6.5 and its subclauses apply.

nd of sequence RBSP syntax

hitions in subclause 8.3.6.6 and its subclauses apply.

nd of bitstream RBSP syntax

hitions in subclause 8.3.6.7 and its subclauses.apply.

H.4.3.6.8 Hiller data RBSP syntax

The specific
H.4.3.6.9 A
The specific
H.4.3.6.10 R

The specific

H.4.3.6.11 A

itions in subclause 8.3.6.8 and its-subclauses apply.

tlas tile layer RBSP syntax

itions in subclause 8.3.6:9 and its subclauses apply.

BSP trailing bit 'syntax

htions in subgelause 8.3.6.10 and its subclauses apply.

tlas tileheader syntax

The specific

htions in subclause 8.3.6.11 and its subclauses apply.

H.4.3.6.12 Reference list structure syntax

The specifications in subclause 8.3.6.12 and its subclauses apply.

H.4.3.7 Atlas tile data unit syntax

The specifications in subclause 8.3.7 and its subclauses apply.

H.4.3.8 Supplemental enhancement information message syntax

The specifications in subclause 8.3.8 and its subclauses apply.
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H.4.4 Semantics

H.4.4.1 General

The specifications in subclause 8.4.1 and its subclauses apply.

H.4.4.2 V3C unit semantics

The specifications in subclause 8.4.2 and its subclauses apply.

H.4.4.3 Ryfp alignmpnf semantics

The gpecifications in subclause 8.4.3 and its subclauses apply.

H.4.4.4 V3C parameter set semantics

The gpecifications in subclause 8.4.4 and its subclauses apply.

H.4.4.6 Raw byte sequence payloads, trailing bits and byte alignment semantics

H.4.4.6.1 Atlas sequence parameter set RBSP semantics

H.4.4.6.1.1 General atlas sequence parameterset RBSP semantics

The gpecifications in subclause 8.4.6.1.1 and its subclauses apply, with the following modifjcations:

asps/max_number_projections_minusl plus 1 specifies the maximum value of pdy_projection_
id[ tileID ][ p ] in the patch_data_unit( ) syntax structure for a patch with index p in a tile with tile
qual to tileID. When asps._extended_projection_enabled_flag is set to 1, asps_njax_number_
projections_minusl shall be equal to 17. When asps_max_number_projections_minus1 is npt present, it

The gpecifications'in-subclause 8.4.6.1.2 apply.

H.4.4.6.1.3 ~ASPS V-PCC extension semantics

asps/vpcec_remove_duplicate_point_enabled_flag equal to 1 indicates that duplicated|points shall
not berecon ucted-forthecurrentatlas-wherea-duplicated pointisapeintwith-the same 2D and 3D
geometry coordinates as another point from a lower indexed map associated with the same patch. asps_
vpcc_remove_duplicate_point_enabled_flag equal to 0 indicates that all points shall be reconstructed.

NOTE This process only caters for duplicated points that can be associated with a single patch because of
the presence of multiple maps. Duplicated points due to other projected patches or RAW and EOM patches are not
accounted for in this process.

asps_vpcc_surface_thickness_minus1 plus 1 specifies the maximum absolute difference between an
explicitly coded depth value and interpolated depth value when asps_pixel_deinterleaving_enabled_
flag or asps_plr_enabled_flag is equal to 1.

H.4.4.6.2 Atlas frame parameter set RBSP semantics

The specifications in subclause 8.4.6.2 and its subclauses apply.
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H.4.4.6.3 Atlas adaptation parameter set RBSP semantics

H.4.4.6.3.1

General atlas adaptation parameter set RBSP semantics

The specifications in subclause 8.4.6.3 apply.

H.4.4.6.3.2

AAPS V-PCC extension semantics

aaps_vpcc_camera_parameters_present_flag equal to 1 specifies that camera parameters shall be
present in the current atlas adaptation parameter set. aaps_vpcc_camera_parameters_present_flag
equal to 0 specifies that camera parameters for the current adaptation parameter set shall not be

present.

H.4.4.6.3.3

This subclau
reconstructi

acp_camera
current aday
toOor1inh
are reserveq
ignore reser

acp_scale_e

present. acp_

model are n

acp_offset_¢
present. acp
model are ng

acp_rotatio
are present.

equal to 0.

Atlas camera parameters semantics

on operations after decoding as described in subclause H.9.

tation parameter set, as listed in Table H.1. The value of acp_camiera_model shall be

ved values of acp_camera_model.

Table H.1 — Interpretation of acp_€amera_model

acp_camera_model Name of acp_camera_model
0 UNSPECIFIED
1 Osthographic camera model
2-255 RESERVED

acp_scale_o

the range of
equal to 216,

Scale[ d ]

252

se describes camera parameters related to scale, offset and rotation that.may be us¢

_model indicates the camera model for point cloud frames that-ar€ associated wit

itstreams conforming to this edition of this document. Other.values of acp_camera_y
| for future use by ISO/IEC. Decoders conforming to this edition of this document

nabled_flag equal to 1 indicates that scale parameters for the current camera mod
scale_enabled_flag equal to ‘0 indicates that scale parameters for the current c3g
t present. When acp_scale enabled_flag is not present, it shall be inferred to be equal

nabled_flag equal to-1 indicates that offset parameters for the current camera mod
| offset_enabled_flag\equal to 0 indicates that offset parameters for the current ca
t present. When @cp_offset_enabled_flag is not present, it shall be inferred to be equal to 0.

n_enabled_flag equal to 1 indicates that rotation parameters for the current camera 1
acp_rotation_enabled_flag equal to 0 indicates that rotation parameters for the cu
camera modgl are not-present. When acp_rotation_enabled_flag is not present, it shall be inferred

bd for

h the
equal
nodel
shall

b] are
mera
to 0.

0] are
mera

nodel
rrent
to be

d1s s g S : cdmera
model in 1ncrements of 2 16 The value of d is in the range of 0 to 2, 1nclu51ve w1th the values of 0, 1
and 2 corresponding to the X, Y and Z axis, respectively. The value of acp_scale_on_axis[ d ], shall be in

1 to 232 -
The value of Scale[ d ] is computed as follows:

= acp_scale_on_axis[ d ] + 216

1, inclusive. When acp_scale_on_axis[ d | is not present, it shall be inferred to be
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A ScaleMatrix can be represented as follows:

Scale[0] 0 0 0
0 Scale[1] 0 0
ScaleMatrix=
0 0 Scale[2] 0
0 0 0 1

acp_offset_on_axis[ d ] indicates the value of the offset, Offset[d], along the d axis for

-5:2021(E)

the current

camera model in increments of 2-16. The value of acp_offset_on_axis[ d ] shall be in the range of -231
to 231 - 1, inclusive, where d is in the range of 0 to 2, inclusive. The values of d equal to 0, 1 and 2

corr

cnaondtothe X V and 7 avis resnectively When acn offset on-avisl d1lis naot nrese
r Y ’ | J r— — L 1 r

‘ed to be equal to 0.

infer

Qffset[ d ] = acp_offset_on_axis[ d ] + 216

An offfset matrix can be represented as follows:

0
1

0
0

Offset [0]
Offset[1]
0 1 Offset[2]

0 00O 1
otation_qx specifies the x component, gX, for the rotatien of the current camera mo
quatgrnion representation. The value of acp_rotation_gx.shall be in the range of -214 to 2
When acp_rotation_gx is not present, its value shall-be/inferred to be equal to 0. The v
compluted as follows:

(@)

ffsetMatrix =

(= R e R

acp_1

= acp_rotation_gx + 214

acp_rotation_qy specifies the y component, qY, for the rotation of the current camera mo
quatgrnion representation. The value of@cp_rotation_qy shall be in the range of -214 to 2
When acp_rotation_qy is not present;-its value shall be inferred to be equal to 0. The V|
computed as follows:

= acp_rotation_qy + 214

acp_rotation_qz specifies the z component, qZ, for the rotation of the current camera mo
quatgrnion representation. The value of acp_rotation_qz shall be in the range of -214 to 2
When acp_rotation_qz-is not present, its value shall be inferred to be equal to 0. The V|
computed as follows:

= acp_sotation_qz + 214

The fourth)‘component, qW, for the rotation of the current camera model using the

t, it shall be

el using the
14 inclusive.
hlue of gX is

el using the
14 inclusive.
alue of qY is

el using the
14 inclusive.
lue of qZ is

quaternion

repregsentation is calculated as follows:

qW =Sqrt( 1 - (gX?+qY2+qZ2))
NOTE In the context of this document qW is always positive. If a negative qW is desired, all

elements (acp_rotation_gx, acp_rotation_qy and acp_rotation_qz) can be signalled with an opposite
equivalent.
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A unit quaternion can be represented as a rotation matrix R as follows:

[ 1-2%(qY?+qZ%)  2*(qX*qY-qZ*qW) 2*(qX*qZ+qY*qW)

RotationMatrix =
2*(qX*qZ—-qY*qW) 2*(qY*qZ+gX*qW)  1-2*(qX%+qY?)

0
2*(qX*qY+qZ*qW) 1—2*<qX2 +qZ2 ) 2*(qY*qZ—gX*qW) 0
0
1

0 0 0
It is a requirement of bitstream conformance that X2 + qY2 + qZ2 <= 1.

H 4_ 4 6 4 nnnlamantal anhancamant infaormation DRCD camant: €S
2.0, ul;l;.u...u..u.u. ehndah e e o rmati o roor—5Sehahti€

The specifications in subclause 8.4.6.4 and its subclauses apply.

H.4.4.6.5 Access unit delimiter RBSP semantics

The specifications in subclause 8.4.6.5 and its subclauses apply.

H.4.4.6.6 Hnd of sequence RBSP semantics

The specifications in subclause 8.4.6.6 and its subclauses apply.

H.4.4.6.7 Hnd of bitstream RBSP semantics

The specifications in subclause 8.4.6.7 and its subclauses apply.

H.4.4.6.8 Hiller data RBSP semantics

The specifications in subclause 8.4.6.8 and its subclauses apply.

H.4.4.6.9 Atlas tile layer RBSP semantics

The specifications in subclause 8.4.6.9 and its subclauses apply.

H.4.4.6.10 RBSP trailing bit semantics

The specifications in subclause.8:4.6.10 and its subclauses apply.

H.4.4.6.11 Atlas tile header semantics

The specifications id.subclause 8.4.6.11 and its subclauses apply.

H.4.4.6.12 Reference list structure semantics

The specifications in subclause 8.4.6.12 and its subclauses apply.

H.4.4.7 Atlas tile data unit semantics

The specifications in subclause 8.4.7 and its subclauses apply.

H.4.4.8 Supplemental enhancement information message semantics

The specifications in subclause 8.4.8 and its subclauses apply.
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H.5 Decoding process

The specifications in Clause 9 and its subclauses apply.

H.5.1 General decoding process

The specifications in subclause 9.1 apply.

H.5.2 Atlas data decoding process

H.5.2.1 General atlas data decoding process

The gpecifications in subclause 9.2.1 and its subclauses apply

H.5.2.2 Decoding process for a coded atlas frame

The gpecifications in subclause 9.2.2 and its subclauses apply

H.5.2.3 Atlas NAL unit decoding process

The gpecifications in subclause 9.2.3 and its subclauses apply

H.5.2.4 Atlas tile header decoding process

The gpecifications in subclause 9.2.4 and its subclauses/apply
H.5.2.5 Decoding process for patch data units

H.5.2.5.1 General decoding process for patch data units
The gpecifications in subclause 9.2.5.1 apply with the following modifications and additionls:

TilePptchAxisU][ tileID ][ p ] is the inidex of the tangent to the projection plane for the current patch with
patcl index p. The value of TilePatchAxisU[ tileID ][ p ] shall be in range of 0 to 2, inclusive

TilePptchAxisV| tileID ][ p ] isthe index of the bi-tangent to the projection plane for the crrent patch
with patch index p. The yalueé of TilePatchAxisV] tileID ][ p ] shall be in range of 0 to 2, inclyisive.

TilePptchAxisD[ tileID,] p ] is the index of the normal to the projection plane for the current patch with
patcl index p. The'value of TilePatchAxisD[ tileID ][ p ] shall be in range of 0 to 2, inclusive

TilePptchProjectionFlag| tileID ][ p ] specifies on which one of two projection planes, indicated by the
TilePptchAxisD] tileID ][ p ] plane, the current patch with patch index p is to be projected.

TilePptch45DegreeMode| tilelD ][ p ] specifies the mode that indicates the axis around whijch the patch
projection rotation is applied for the patch with index p.

If atdu_patch_mode] tileID ][ p ] is equal to [_INTRA or P_INTRA, then the process for decoding intra
coded patches in subclause H.5.2.5.2 is invoked, with p and tileID as the input to that process, and the
outputs of that process are used as the outputs of the current process.

If atdu_patch_mode[ tileID ][ p ] is equal to P_SKIP, then the process for decoding skip coded patches
in subclause H.5.2.5.3 is invoked, with p and tileID as the input to that process, and the outputs of that
process are used as the outputs of the current process.

If atdu_patch_mode] tileID ][ p ] is equal to P_MERGE, then the process for decoding merge coded
patches in subclause H.5.2.5.4 is invoked, with p and tileID as the input to that process, and the outputs
of that process are used as the outputs of the current process.
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If atdu_patch_mode[ tileID ][ p ] is equal to P_INTER, then the process for decoding inter coded patches
in subclause H.5.2.5.5 is invoked, with p and tileID as the input to that process, and the outputs of that
process are used as the outputs of the current process.

If atdu_patch_mode[ tilelD ][ p ] is equal to _RAW or P_RAW, then the process for decoding RAW coded
patches in subclause H.5.2.5.6 is invoked, with p and tilelD as the input to that process, and the outputs

of that proce

ss are used as the outputs of the current process.

If atdu_patch_mode][ tileID ][ p ] is equal to I_EOM or P_EOM, then the process for decoding EOM coded
patches in subclause H.5.2.5.7 is invoked, with p and tileID as the input to that process, and the outputs

of that proce

ss are used as the outputs of the current process.

These additi

TilePatc
TilePatc
TilePatc
TilePatc
TilePatc

H.5.2.5.2 [
The specific

In addition
TilePatchAx
TilePatchPr
as follows:

projectid
rotation

If rotationAj

TilePatchProjectionFlag] tileID |{ p\] = Clip3( 0, 1, projectionPlane / 3)

TilePatchAxisD] tileID ][ p\=projectionPlane % 3

Otherwise:

TilePatchProjectionFlag| tileID ][ p ] = Min( 1, ( ( projectionPlane-6)% 4) / 2)

pnal variables are initially set as follows:

hAxisU[ tileID ][p] =0
hAxisV[tileID ][p]=0
hAxisD[ tileID ][p] =0
hProjectionFlag| tileID ][ p ]

=0
h45DegreeMode| tileID ][ p] =0

ecoding process for patch data units coded in intra mode

htions in subclause 9.2.5.2 apply with the following modifi€ations and additions:

fo the variables derived in subclause 9.2.5.2 the variables TilePatchAxisU] tilelD ]
sV[ tileID ][ p ], TilePatchAxisD][ tileID ][ p ], TileRatch45DegreeMode| tilelD ][ p |
jectionFlag] tileID ][ p ], for patch with index p imwthe atlas tile with index tileID, are de

nPlane = pdu_projection_id[ tileID ][ p ]
AxisMode = Max( 0, ( projectionPlane™ 2)/4 )

risMode is equal to 0 then the following applies:

[p]

, and
rived

(H.1)

(H.2)

(H.3)

(H4)

(H.5)

if( rotati

nAxisMode == 1 )

TilePatchAxisD][ tileID ][ p] = 2 * ( projectionPlane % 2 )
else if( rotationAxisMode == 2)
TilePatchAxisD][ tileID ][ p] = 2 - ( projectionPlane % 2 )

else

TilePatchAxisD[ tileID ][ p] = 1 - ( projectionPlane % 2 )

TilePatchAxisUJ tileID ][ p ] = ( TilePatchAxisD[ tileID [[p]==2)70:2

256

(H.6)

(H.7)

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090-5:2021(E)

TilePatchAxisV| tileID ][ p ] = ( TilePatchAxisD[ tileID ][ p]==1)70:1

(H.8)

The values of the variables TilePatchAxisU[ tileID ][ p ], TilePatchAxisV[ tileID ][ p ],
TilePatchAxisD[ tileID ][ p ], TilePatch45DegreeMode] tileID ][ p ], and TilePatchProjectionFlag] tileID ]
[ p ] that are derived from Formulae (H.1) to (H.8) are also presented in tabular form in Table H.2.

Table H.2 — Derivation of patch projection variables based on pdu_projection_id[ tileID ]

[ p]values
pdu_projection_id][ tileID ][ p ] values
—Projectionvariabtes 0T+ 273456787910t 1213 11| 15|16 |17
TilePatchAxisUJ tileID ][ p | 21210(2(2(0(2]|0(2(0]|0]2(0|2]2|2|2)|2
TilePatchAxisV][ tileID [[ p ] 1{0(1(1|0|1|1(1]|1|1(1|0]| )0 1101
TilePatchAxisDJ tileID ][ p ] o(1r|2jo0f(1(2|0|2(0(2|2|4A}2]|1 01110
TilePatchProjectionFlag| tileID ][ p ] 0Ojo0jo0f|1|{1]|1|O0|Of1|1|0PO|1]|1 0|11
Til¢Patch45DegreeMode[ tileID][p] |0 |0 |0 |0 |0 |0 |1 |1 |1 |1y27]2|2]|2 3133

H.5.2.5.3 Decoding process for patch data units coded in skip prédiction mode

The gpecifications in subclause 9.2.5.3 apply with the followingmodifications and additior]s:

First

If p i equal to O, then Predictorldx is set to O.

Then
in th

computed as:

refldx is set to 0.

the corresponding patch index, RefPatchldxyin the atlas frame corresponding to th
e reference atlas frame list RefAtlasFrmlList, RefAtlasFrmList[ refldx ] for the cu

efPatchldx = Predictorldx

redictorldx is set to RefPatchldx + 1.

brocess described in subelause H.5.2.5.5.2 is invoked with the variables refldx,

tileID as inputs, and the outputs are the variables refPatchType, refF
ch2dPosY, refPatch2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPat
ch3dOffsetD, refPatch3dRangeD, refPatchProjectionID, refPatchOrier]
chLoDScaleX, ‘refPachLoDScaleY, refPatchRawPoints, refPatchEomPatchCount, re
chAxisV, sefPatchAxisD, refPatch45DegreeMode, and refPatchProjectionFlag, th
chAssociatedPatchIndex and refPatchEomPoints, and, if asps_plr_enabled_flag is eqg

©

e first entry
rrent tile is

(H.9)

RefPatchldx,
atch2dPosX,
ch3dOffsetV,
tationIndex,
FPatchAxisU,
e 1D arrays
ual to 1, the
e 2D arrays

TilePatchAxisU][ tileID ][ p | = refPatchAxisU

TilePatchAxisV] tileID ][ p ] = refPatchAxisV

TilePatchAxisD[ tileID ][ p ] = refPatchAxisD

TilePatch45DegreeMode] tilelD ][ p | = refPatch45DegreeMode

TilePatchProjectionFlag| tileID ][ p ] = refPatchProjectionFlag
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(H.13)

(H.14)
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H.5.2.5.4 Decoding process for patch data units coded in merge prediction mode
The specifications in subclause 9.2.5.4 apply with the following modifications and additions:
First, the reference atlas frame index, refldx, is derived as mpdu_ref_index| tileID ][ p ].

Then the reference atlas frame, refAtlasFrm, is selected as the atlas frame corresponding to the
(refldx + 1 )-th entry in the reference atlas frame list RefAtlasFrmList, RefAtlasFrmList[ refldx ].

If p is equal to 0, then Predictorldx is set to 0.

Then the corresponding patch index, RefPatchldx, in the reference atlas frame, refAtlasFrm, for the
current tile igcomputed as:

RefPatchldx = Predictorldx (H.15)

and Predictqridx is set to RefPatchldx + 1.

The procesq described in subclause H.5.2.5.5.2 is invoked with the variables nefldx, RefPat¢hldx,
and tileID | as inputs, and the outputs are the variables refPatchType, refPatch2dPosX,
refPatch2dPpsY, refPatch2dSizeX, refPatch2dSizeY, refPatch3dOffsetd, refPatch3dOfffsetV,
refPatch3dQffsetD, refPatch3dRangeD, refPatchProjectionlD, refPatchOrientationlndex,
refPatchLoDScaleX, refPachLoDScaleY, refPatchRawPoints, refPatchEomPatchCount, refPatchAxisU,
refPatchAxi$V, refPatchAxisD, refPatch45DegreeMode, and refPatchiProjectionFlag, the 1D arrays
refPatchAsspciatedPatchIndex and refPatchEomPoints, and, if aspS) plr_enabled_flag is equal to [, the
1D arrays rpfPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusl, and the 2D arrays
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

It is a requirpment of bitstream conformance that refPatchType is equal to projected.

Then, these additional variables are derived:

TilePatchAxisU[ tileID ][ p | = refPatchAxisU (H.16)
TilePatchAxisV| tileID ][ p ] = refPatchAxisV (H.17)
TilePatchAxisD[ tileID ][ p | = refPatchAxisD (H.18)
TilePatch45DegreeModg[ tileID ][ p | = refPatch45DegreeMode (H.19)
TilePatchProjectiotiFlag[ tileID ][ p ] = refPatchProjectionFlag (H.20)

H.5.2.5.5 D)ecoding process for patch data units coded in inter prediction mode

H.5.2.5.5.1 General
The specifications in subclause 9.2.5.5.1 apply with the following modifications and additions:
First, the reference atlas frame index, refldx, is derived as ipdu_ref_index] tileID ][ p ].

Then the reference atlas frame, refAtlasFrm, is selected as the atlas frame corresponding to the
(refldx + 1 )-th entry in the reference atlas frame list RefAtlasFrmList, RefAtlasFrmList[ refldx ].

If p is equal to 0, then Predictorldx is set to 0.
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Then the corresponding patch index, RefPatchldx, in the reference atlas frame, refAtlasFrm, for the
current tile is computed as:

RefPatchldx = Predictorldx + ipdu_patch_index] tileID ][ p ] (H.21)

and Predictorldx is set to RefPatchldx + 1.

The process described in subclause H.5.2.5.5.2 is invoked with the variables refldx, RefPatchldx,
and tileID as inputs, and the outputs are the variables refPatchType, refPatch2dPosX,
refPatch2dPosY, refPatch2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV,
refPatch3dOffsetD, refPatch3dRangeD, refPatchProjectionID, refPatchOrientationIndex,
refP%chLoDScaleX, refPachLoDScaleY, refPatchRawPoints, refPatchEomPatchCount, refPatchAxisU,

refPatchAxisV, refPatchAxisD, refPatch45DegreeMode, and refPatchProjectionFlagith¢ 1D arrays
refPatchAssociatedPatchIndex and refPatchEomPoints, and, if asps_plr_enabled_flag-is equal to 1, the
1D afrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusd; and the 2D arrays
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

It is g requirement of bitstream conformance that refPatchType is equal toprojected.

Then| these additional variables are derived:

TilePatchAxisUJ tileID ][ p ] = refPatchAxisU (H.22)
TjlePatchAxisV] tilelD ][ p ] = refPatchAxisV (H.23)
TjlePatchAxisD] tileID ][ p ] = refPatchAxisD (H.24)
TjlePatch45DegreeMode] tileID ][ p ] = refPatch45DegreeMode (H.25)
TilePatchProjectionFlag| tilelD ][ p }&refPatchProjectionFlag (H.26)

H.5.2.5.5.2 Derivation of inter réference patch parameters
H.5.2.5.5.2.1 General derivation of inter reference patch parameters

The gpecifications in sabelause 9.2.5.5.2.1 apply with the following modifications and addifions:

Outppits to this\\process are the variables refPatchType, refPatch2dPosX, refRatch2dPosY,
refPatch2dSizeX)— refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV, refPatth3dOffsetD,
refPatch3dRangeD, refPatchProjectionID, refPatchOrientationIndex, refPatdhLoDScaleX,
refPdchLeDScaleY, refPatchRawPoints, refPatchEomPatchCount, refPatchAxisU, refPatchAxisV,
refPa chAx1sD refPatchPrOJectlonFlag, and refPatch45DegreeMode the 1D  arrays
X 3 jual to 1, the
1D arrays refPatchPlrdLevel refPatchPlrdPresentFlag, and refPlrdModeMmusl and the 2D arrays
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

First, the patch, refPatch, is determined that has an index equal to refPatchldx in the tile with
tile ID equal to tileID of the ( refldx + 1 )-th entry of the reference atlas frame list RefAtlasFrmList,
RefAtlasFrmList[ refldx ].

Then, the outputs of this process are derived based on the associated parameters of the patch, refPatch,
as follows:

refPatchType = TilePatchType[ tileID ][ refPatchldx ] (H.27)

refPatchInAuxVideo = TilePatchInAuxVideo[ tileID ][ refPatchldx ] (H.28)
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refPatch2dPosX = TilePatch2dPosX] tileID ][ refPatchldx ] (H.29)
refPatch2dPosY = TilePatch2dPosY]| tilelD ][ refPatchldx ] (H.30)
refPatch2dSizeX = TilePatch2dSizeX]| tileID ][ refPatchldx | (H.31)
refPatch2dSizeY = TilePatch2dSizeY]| tilelD ][ refPatchldx ] (H.32)

If refPatchType is equal to projected, then the process in subclause H.5.2.5.5.2.2 is invoked

with refldx| tileID, and refPatchldx as inputs. The outputs of the process are the var
refPatch3dQffsetU, refPatch3dOffsetV, refPatchProjectionID, refPatch3dOffsetD, refPatch3dRa
refPatchOrigntationlndex, refPatchLoDScaleX, refPatchLoDScaleY, refPatchAxisU, refPatch
refPatchAxi$D, refPatchProjectionFlag, and refPatch45DegreeMode, and, if asps_plr_enabled_f
equal to 1, the 1D arrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinus1, ar
2D arrays reffPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinusl.

If refPatchType is equal to RAW, then the process in subclause H.5.2.5.5.2.3 isinvoked with r
tileID, and ilefPatchldx as inputs. The outputs of the process are the vatiables refPatch3dOf]
refPatch3dQffsetV, refPatch3dOffsetD, and refPatchRawPoints.

If refPatchType is equal to EOM, then the process in subclause H,5.2.5.5.2.4 is invoked with r
tileID, and r¢fPatchldx as inputs. The outputs of the process are thewariable refPatchEomPatchd
and the 1D afrrays refPatchAssociatedPatchIndex and refPatchEomPoints.

ables
ngeD,
AxisV,
ag is
d the

bf1dx,
fsetU,

bf1dx,
ount,

H.5.2.5.5.2.2  Reference patches in projected mode
The specificgtions in subclause 9.2.5.5.2.2 apply with thefollowing modifications and additions:
Outputs to this process are the variables refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
refPatch3dRangeD, refPatchProjectionID, refPatchOrientationIndex, refPatchLoDS¢aleX,
refPachLoD§caleY, refPatchAxisU, refPatchAxisV, refPatchAxisD, refPatchProjectionFlag,| and
refPatch45DegreeMode, and, if asps_plr_enabled_flag is equal to 1, the 1D arrays refPatchPlrdLevel,
refPatchPlrdPresentFlag, and refPlrdModeMinus1, and the 2D arrays refPatchPlrdPresentBlockFlag
and refPatchPlrdBlockModeMinusl.
These additipnal output variables are derived:
refPatch|]AxisU = TilePatehAxisU]J tileID ][ refPatchldx ] (H.33)
refPatch]AxisV = TilePatchAxisV] tileID ][ refPatchldx | (H.34)
refPatch|AxisD)= TilePatchAxisD] tileID ][ refPatchldx ] (H-35)
refPatch45DegreeMode = TilePatch45DegreeMode] tileID ][ refPatchldx ] (H.36)
refPatchProjectionFlag = TilePatchProjectionFlag] tileID ][ refPatchldx ] (H.37)
H.5.2.5.5.2.3 Reference patches in RAW mode
The specifications in subclause 9.2.5.5.2.3 apply
H.5.2.5.5.2.4 Reference patches in EOM mode
The specifications in subclause 9.2.5.5.2.4 apply
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H.5.2.5.6 Decoding process for patch data units coded in RAW mode

The specifications in subclause 9.2.5.6 apply

H.5.2.5.7 Decoding process for patch data units coded in EOM mode

The specifications in subclause 9.2.5.7 apply

H.5.2.6 Decoding process of the block to patch map

The specifications in subclause 9.2.6 and its subclauses apply

-5:2021(E)

H.5.2.7 Conversion of tile level information to atlas level information

.7.1 General

ecifications in subclause 9.2.7.1 apply

.7.2 Conversion of tile level blockToPatch information to atlas)level blockToPat
ation

ecifications in subclause 9.2.7.2 apply.
.7.3 Conversion of tile level patch information to-atlas level patch information

H.5.2.7.3.1 General

The gpecifications in subclause 9.2.7.3.1 apply.

H.5.24.7.3.2 Process of copying common-patch parameters from a tile to an atlas repr

The gpecifications in subclause 9.2.73.2 apply.

H.5.2.7.3.3 Process of copying-application specific patch parameters from a tile to an
sentation

ecifications in subclause 9.2.7.3.3 apply with the following modifications and additic

rocess ApplicationTilePatchParamsToAtlas( atlasPatchldx, tileID, p, offsetPatch ) i
S:

icationTilePatchParamsToAtlas( atlasPatchldx, tilelD, p, offsetPatch ) {
ockCnt = BlockCnt( TilePatch2dSizeX] tilelD ][ p ], TilePatch2dSizeY[ tileID ][ p])
if(AtlasPatchType|[ atlasPatchldx | == PROJECTED ) {

Pl

Ch

bsentation

atlas

ns:

s defined as

AtlasTotalNumProjPatches +=1
AtlasPatchProjectionFlag| atlasPatchldx | = TilePatchProjectionFlag] tileID ][ p ]
AtlasPatchAxisU[ atlasPatchldx | = TilePatchAxisU[ tileID ][ p ]
AtlasPatchAxisV[ atlasPatchldx | = TilePatchAxisV] tileID ][ p ]
AtlasPatchAxisD[ atlasPatchldx | = TilePatchAxisD[ tileID ][ p ]
AtlasPatch45DegreeMode| atlasPatchldx | = TilePatch45DegreeMode] tilelD ][ p ]
for(m = 0; m < asps_map_count_minus1 + 1; m++ ) {
if( plri_map_present_flagf m | ==1) {
AtlasPlrdLevel[ atlasPatchldx ][ m ] = TilePatchPlrdLevel[ tileID ][ p ][ m ]
if( AtlasPlrdLevel[ atlasPatchldx ][m]==0) {
for(j = 0;j <blockCnt; j++ ) {
AtlasPlrdPresentBlockFlag[ atlasPatchldx ][ m][j] =
TilePatchPlrdPresentBlockFlag] tileID [[ p ][ m ][ j
if( AtlasPlrdPresentBlockFlag| atlasPatchldx ][ m ][]
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AtlasPlrdBlockModeMinus1[ atlasPatchldx ][ m ][j] =
TilePatchPlrdBlockModeMinus1[ tileID [[p ][ m][j]

}
}else {
AtlasPlrdPresentFlag[ atlasPatchldx [ m | =
TilePatchPlrdPresentFlag[ tileID ][ p ][ m ]
if( AtlasPlrdPresentFlag| atlasPatchldx ][ m ] =
AtlasPlrdModeMinus1[ atlasPatchldx [[ m ] =
TilePatchPlrdModeMinus1[ tileID ][ p ][ m ]

:1)

ey —

}

}
if( AtlasPatchType[ atlasPatchldx ] == EOM ) {

AtlapTotalNumEomPatches +=1

for(Ji = 0; i < AtlasPatchEomPatchCount|[ atlasPatchldx J; i++ ) {
NumEomPoints += TilePatchEomPoints] tileID [ p ][ i ]
AtlasPatchEomPoints[ atlasPatchldx ][ i | = TilePatchEomPoints[ tileID)|[ p ][ i ]
AtlasPatchAssociatedPatchindex| atlasPatchldx ][i] =
TilePatchAssociatedPatchIndex] tileID ][ p ][ i ] + offsetPatel

}
}
if( AtlasPatchType[ atlasPatchldx ] == RAW ) {

AtlapTotalNumRawPatches +=1
NumRawPoints += TilePatchRawPoints| tileID ][ p ]

}
H.5.3 Occyipancy video decoding process

The specifications in subclause 9.3 apply.

H.5.4 Geometry video decoding process

The specifications in subclause 9.4 apply-

H.5.5 Attribute video decoding process

The specifications in subclatse”9.5 apply.

H.5.6 Subibitstreami-extraction process

The specificationsin*subclause 9.6 apply.

H.6 Pre-reconstruction process

H.6.1 General
The pre-reconstruction process depends on the profiles defined in Clause H.11.

The processes described in this subclause are invoked for decoded occupancy frames at nominal
resolution, and syntax elements associated with the same atlas ID, identified by a variable OccSynAtlasID.

The pre-reconstruction process, for the current point cloud frame with a composition time index
compTimeldx, takes as inputs the syntax elements and upper-case variables from Clauses H.4, H.5 and
Annex B.

262 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=ac8502fee7db2a0acbecffa45ccddbac

ISO/IEC 23090

-5:2021(E)

If a bitstream contains an occupancy synthesis SEI message with a value of os_method_type[ k ] larger
than zero at time instance compTimeldx, and the point cloud reconstruction system has selected to use
this k-th occupancy synthesis instance, subclause H.6.2.2 is invoked.

H.6.2 Occupancy synthesis process

H.6.2

.1 General

If os_method_type[ k ] is equal to 1, which indicates the patch border filtering method, then
subclause H.6.2.2 is invoked with OccFramesNF[ compTimeldx ][ 0 ] and GeoFramesNF[ 0 ]
[ compTimeldx ][ 0 ] as inputs and the modified array OccFramesNF[ compTimeldx ][ O ] as output.

NOTE
H.6.2

H.6.2

Outp

NOTE
resold

The f
— 1
— 1

If subclause H.6.2.2 is not invoked, OccFramesNF[ compTimeldx ][ 0 ] is not modified:
.2 Patch border filtering (PBF)

.2.1 General

s to this process are:

variable k, indicating the selected occupancy synthesis filterjnstance,
2D array oFrame, of size asps_frame_heightx asps_frame.width, and
2D array gFrame, of size asps_frame_heightx asps_ €rame_width.

1t of this process is the modified array oFrame.

It is possible that this process will not be effective when the occupancy video is coded 4
tion.

bllowing applies:
et the variable boxExtension be.sét to 8.
F asps_eom_patch_enabled _flag is equal to 1, the array oFrame is returned without m
therwise (asps_eom_patch_enabled_flag is equal to 0 ), the following process is perf
- First, the following arrays are defined:

— bordexPointCnt, a 1D array of size AtlasTotalNumPatches,

— neighPatchCnt, a 1D array of size AtlasTotalNumPatches,

-+ ;'neighbouringPatches, a 2D array of size AtlasTotalNumPatches x AtlasTotalNy

t the nominal

bdification.

brmed:

mPatches,

- hnrr‘prpninfc, 23D array ofsize AtlasTotalNumPatches x Acpcprqani7p Ve '2’

— bBox, a 3D array of size AtlasTotalNumPatches x 2 x 3, and

— neighbourDepth, a 2D array of size asps_frame_height x asps_frame_width.

NOTE The allocated sizes of neighbouringPatches and borderPoints use the maximum possible
values according to this document. Different, more efficient implementations can be used.
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— For pldx =0 .. AtlasTotalNumPatches - 1, the following applies:

090-5:2021(E)

— subclause H.6.2.2.2 is invoked with pldx, oFrame, and gFrame, as inputs, and
borderPointCnt[ pldx |, borderPoints[ pldx ], and bBox[ pldx ] as outputs.

— For pldx =0 .. AtlasTotalNumPatches - 1, the following applies:

— subclause H.6.2.2.3 is invoked with pldx and bBox as inputs, and neighPatchCnt[ pldx ] and

neighbouringPatches| pldx ] as outputs,

— subclause H.6.2.2.4 is invoked with variables PbfThreshold] k ], boxExtension, and
borderPointCnt, and arrays borderPoints, bBox, neighPatchCnt, and neighbouringPatches, as

inpy

— sub
arrg

H.6.2.2.2 H
Inputs to thi
— avariab

— a?2Darr]
frame in

— a 2D arn
frame in

ts, and the array neighbourDepth as output,

ounding box and border point determination
5 process are:

e pldx, indicating the patch index,

the nominal format, and

the nominal format.

Outputs of this process are:

— avariab
— a?2Darr

— a?2Darr

e borderPointCnt, indicating the number.of border points,
hy borderPoints, of size AspsFrameSize x 3, and

ny bBox, of size 2 x 3.

Let borderP¢intCnt and bBox be initialized as follows:

borderP

bintCnt = 0.

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

bBoj
bBoj

}
LetyStart, y

yStart =

k[ 0][ k] = OXFFFF
k[11[k]=0

FEnd, xStart and xEnd be computed as follows:

AtlasPatch2dPosY|[ pldx |

flause H.6.2.2.5 is invoked with variables PbfPasses[ k ], PbfSizeX[ k |, and PbfSiZeY['k |, and
ys oFrame, gFrame, and neighbourDepth as inputs, and the modified array oFramé as olitput.

hy oFrame, of size asps_frame_height x asps_frame_widthj-corresponding to the occupancy

ay gFrame, of size asps_frame_height x asps_frame\width, corresponding to the geormpetry

yEnd = A
xStart =

\tlasPatchZdPosY[ pldx | + AtlasPatchZdSizeY[ pldx ]
AtlasPatch2dPosX] pldx ]

xEnd = AtlasPatch2dPosX] pldx | + AtlasPatch2dSizeX][ pldx ]

Then the foll

owing applies:

for(y =yStart; y < yEnd; y++) {

yBlo
for(

ck =y / PatchPackingBlockSize
x = xStart; x < XEnd; x++ ) {

xBlock = x / PatchPackingBlockSize
isBoundaryPoint =0
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