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Foreword

021(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bod

ies 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 interes
international organizations, governmental and non-governmental, in liaison with ISO and I
ake partin the work

—+

ditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ttention is drawn to the possibility that some of the elements of this document may be the

ights. Details of any patent rights identified during the development of the document will h

st of patent declarations received (see http://patents.iec.ch).

Any trade name used in this document is information given forcthe convenience of users and
donstitute an endorsement.

Hor an explanation of the voluntary nature of standards, the meaning of ISO specific tel
gxpressions related to conformity assessment, as well*as information about ISO's adhereng
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www
iso/foreword.html.

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information ted
Subcommittee SC 29, Coding of audio, picture,' multimedia and hypermedia information.

A list of all parts in the ISO/IEC 23090/series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standard
domplete listing of these bodies can be found at www.iso.org/members.html.

A
df patent rights. ISO and IEC shall not be held responsible for identifyingZany or all such patent
iy
|
1

t. Other
EC, also

The procedures used to develop this document and those intended for its further majdtenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria negded for
the different types of document should be noted. This document was drafted in accesdance with the
e

subject

e in the

htroduction and/or on the ISO list of patent declarations received (see-www.iso.org/patents) of the IEC

Hoes not

'ms and
e to the

iso.org/

hnology,

5 body. A
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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

volumet

ric 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 v
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Attenti;ul? is drawn to the possibility*that some of the elements of this document may be the subjed

of pate
identify

blumetric frames can be coded by converting the 3D volumetric information into a collection'qf
es and associated data. The converted 2D images can be coded using widely available video and
bding specifications, such as ISO/IEC 14496-10 and ISO/IEC 23008-2 and the associated datp
oded with mechanisms specified in this document. The coded images and the associated datp

be decoded and used to reconstruct the 3D volumetric information. This document specifigs
C mechanism for visual volumetric video coding, i.e. visual volumetric video-based coding. Thie
mechanism can be used by applications targeting volumetric content, such’as point clouds,
ve video with depth, mesh representations of visual volumetric frames,€te:

on to the generic mechanism of coding volumetric content, this dodument specifies one of thie
ons of visual volumetric video-based coding targeting point cloud representations of visugl
ric frames. In a point cloud sequence, each point cloud frameccontains a collection of points.
nt has a 3D position, i.e., geometry information, and each peint can also be associated with p
of attributes, such as colour, reflectance, surface normal,€tc.

—_—

ernational Organization for Standardization (ISO)" and International Electrotechnicg
sion (IEC) draw attention to the fact that it is claimed that compliance with this document majfy
he use of a patent.

[EC take no position concerning the evidence,validity and scope of this patent right.

er of this patent right has assured ISO anid IEC that he/she is willing to negotiate licences unddr
ple and non-discriminatory terms and-conditions with applicants throughout the world. In thi
the statement of the holder of this.patent right is registered with ISO and IEC. Information maly
ned from the patent database available at www.iso.org/patents.

[72)

= o+

rights other than those in the patent database. ISO and IEC shall not be held responsible fo
ng any or all such patentrights.

Vi
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Information technology — Coded representation of
immersive media —

Part 5:

] as p ompression (V—PC)

1 Scope

This document specifies the syntax, semantics and decoding for visualrvolumetric med
Video-based coding methods. This document also specifies processes ,that can be nee
reconstruction of visual volumetric media, which can also include. @dditional processes
fdost-decoding, pre-reconstruction, post-reconstruction and adaptatien,

2 Normative references

The following documents are referred to in the text insuch a way that some or all of their
donstitute requirements of this document. For dated-references, only the edition cited app
undated references, the latest edition of the referencéd.document (including any amendments)

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

IETF RFC 1321The MD5 Message-Digest Algorithm

IETF RFC 5646Tags for Identifying Languages

IPO/IEC 10646, Information technology — Universal Coded Character Set (UCS)

IBO/IEC 14496-10:2020, Information technology — Coding of audio-visual objects — Part 10: A
Wideo Coding

IBO/IEC 14496-12, Information technology — Coding of audio-visual objects — Part 12: 1SO ba
flle format

IBO/IEC 1449615, Information technology — Coding of audio-visual objects — Part 15: Caf
rletwork abstraction layer (NAL) unit structured video in the ISO base media file format

IBO/IEC \23008-2:2020, Information technology — High efficiency coding and media del
Heterogeneous environments — Part 2: High efficiency video coding

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

a using
ded for
such as

content
lies. For
applies.

dvanced

be media

riage of

ivery in

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 and
from a video receiver to a video sender

© ISO/IEC 2021 - All rights reserved
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
3D boquding box
volume flefined as a cuboid solid having six rectangular faces placed at right angles

3.2
associated non-ACL NAL unit

non-ACL{ NAL unit (3.78) that is associated with an ACL NAL unit (3.6) for the purpose.of decoding g
other oglerations specified by this document

]

3.3
associafed ACL NAL unit

preceding ACL NAL unit (3.6) in decoding order for a non-ACL NAL unit (3.Z8) With nal_unit_type equs
to NAL_EOS, NAL_EOB, NAL_FD, NAL_SUFFIX_NSEI, or NAL_SUFFIX_ESEI, or in the ranges of NAL
RSV_NA[LL_48..NAL_RSV_NACL_52 or NAL_UNSPEC_53..NAL_UNSPEC63; or otherwise the next A(
NAL unif (3.6) in decoding order

—_—

[Sal}

3.4

atlas
collectidn of 2D bounding boxes and their associated information placed onto a rectangular frame and
corresppnding to a volume in 3D space on which volumetric data is rendered

3.5
atlas bifstream
sequenck of bits that forms the representation of atlas frames (3.8) and associated data forming one dr
more CASs (3.36)

3.6
atlas coding layer NAL unit
ACL NAL unit

collectivfe term for coded atlas tile layer NAL units (3.76) and the subset of NAL units (3.76) that havj
reserved values of nal_unit type that are classified as being of type class equal to ACL in this documer]

—

3.7
atlas coprdinates
two scalars (x, y)-with finite precision and dynamic range that indicate the location of an atlas sample
relative |to the top’left corner of an atlas frame, with x and y indicating the horizontal and verticgl
directiop, respectively

3.8
atlas frame

2D rectangular array of atlas samples onto which patches (3.85) are projected and additional
information related to the patches (3.85), corresponding to a volumetric frame (3.138)

3.9

atlas frame parameter set

AFPS

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

2 © ISO/IEC 2021 - All rights reserved
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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

syntax structure (3.120) containing syntax elements (3.119) that apply to zero or more entire cofled atlas
sequences (3.35) as determined by the content of a syntax element (3.119) found in thé AFPS referred to
Hy a syntax element found in each tile header

.13

dtlas sub-bitstream
gxtracted sub-bitstream (3.108) from the V3C bitstream (3.128) containing a part of an aflas NAL
Hitstream

sociated

such as

specific

ir depth

g y
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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3.22

auxiliary video sub-bitstream
video sub-bitstream (3.127) indicated as being of auxiliary type through an appropriate flag in the VPS

(3.134)
3.23

and containing data only associated with RAW patches (3.103) or EOM patches (3.51), or both

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

3.24
byte

sequencg of 8 bits, within which, when written or read as a sequence of bit values, the left-most|an
right-mqst bits represent the most and least significant bits, respectively

3.25

broken [link access access unit
BLA acdess unit
access upnit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a BLA coded atlas (3.26)

3.26

broken [link access coded atlas
BLA coded atlas

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

LP, NAL|GBLA_W_LP, NAL_BLA_'W_RADL NAL_GBLA_W_RADL, NALSBLA_N_LP or NAL_GBLA_N_LP.

Note 1 tq entry: A BLA coded atlas does not use inter prediction in.its{decoding process, and could be the fir
coded atas in the bitstream in decoding order, or could appear, later in the bitstream. Each BLA coded atlg

begins a

new CAS, and has the same effect on the decoding process as an instantaneous decoding refresh (IDH

coded at]as. However, a BLA coded atlas contains syntax elentents that specify a non-empty DAB. When a BL
coded atlas frame for which each ACL NAL unit has nal_unit_type equal to NAL_BLA_W_LP or NAL_GBLA_W_L

it may h
decoder

bitstrearh. When a BLA coded atlas frame for which@ach ACL NAL unit has nal_unit_type equal to NAL_BLA_W_

LP or NAL_GBLA_W_LP, it may also have associated RADL coded atlas frames, which are specified to be decode{;

When a

gve associated random access skipped leading, (BRASL) coded atlas frames, which are not output by th
hnd may not be decodable, as they may contain references to atlas frames that are not present in th

BLLA coded atlas frame for which each(ACL NAL unit has nal_unit_type equal to NAL_BLA_W_RADL

NAL_GBILA_W_RADL, it does not have assdciated RASL coded atlas frames but may have associated rando
access d¢codable leading (RADL) coded atlas frames. When a BLA coded atlas frame for which each ACL NAL un

has nal_
atlas fra

3.27
byte-al

:Lnit_type equal to NAL_BLA_N.IP or NAL_GBLA_N_LP, it does not have any associated leading code|
es.

gned

positionked as an integerrnultiple of 8 bits from the position of the first bit in the bitstream (3.23)

3.28

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

3.29

I B> n o+

® @

Y

—

ot

byte-aligned byte
byte (3.

3.30

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

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 reserved
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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
ecodable, as they could contain references to coded atlas frames that are not present in the bitstream.

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

.34

ded atlas

ded atlas frame

ded representation of an atlas (3.4)

.35

ded atlas access unit
set of atlas NAL units (3.76) that are associated with each ther according to a specified classjification
le, are consecutive in decoding order, and contain_all atlas NAL units (3.76) pertaining to one
articular output time

.36

ded atlas sequence
AS

sequence of coded atlas access units (3.35);-in decoding order, of an IRAP coded atlas access unjit (3.74),
fpllowed by zero or more coded atlas aceéss units (3.35) that are not IRAP coded atlas access units (3.74),
including all subsequent access units(3.35) up to but not including any subsequent coded atlds access
nit (3.35) that is an IRAP coded atlasaccess unit (3.74)

37

ded volumetric frame
llection of coded représentations of an atlas (3.4), occupancy (3.83), geometry access unit (3.57), and,
fbr each available attnibute (3.15), attribute access unit (3.16), pertaining to one particular time jnstance

.38

ded V3C sequénce
VS

sequence©f,V3C sub-bitstreams (3.133) identified and separated by appropriate delimiters, required to
start withra VPS (3.134), included in at least one V3C unit (3.135) or provided through external means,
nd.contains one or more V3C units that can be factored into V3C composition units (3.131), where the
flr'stV3C 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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3.42

component bitstream
bitstream (3.23) representing a V3C component (3.129)

3.43

component sub-bitstream
portion of component bitstream (3.42)

3.44
compos

ition time

time or {

3.45

composjition time index

index to

3.46

composjition unit

partitiol

3.47
decodel
DUT
decoder]
to delivd

comparing the values and timing or order of the output of the two.decoders

3.48
decodirn
sub-set

unit (3.35) and the associated non-ACL NAL units (3.2)

3.49
enhanc
EOM
patch cd

3.50

EOM co
coded r{
values a
are stor

3.51

EOM pa
patch (3
points (3

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

an ordered list of composition times (3.44)

1 of a bitstream (3.23) that has a certain composition time (3.44)

funder test

thatis tested for conformance to this document by operating’the hypothetical stream schedulg
r a conforming bitstream (3.23) to the decoder and to thé hypothetical reference decoder an

g unit
pf a coded atlas access unit (3.35) consisting of oné€ or more ACL NAL units in a coded atlas acces

bd occupancy mode

ding mode where a patch (3.85)'is’associated with enhanced occupancy information

led points
epresentation of 3D points located at intermediate depth positions for which geometry (3.56
e stored as codewords in the occupancy frame (3.84) and their corresponding attributes valug
bd in additional patches, referred to as EOM patches (3.51), in the attribute frames (3.17)

fch
.85) with”patch mode (3.87) equal to I_EOM, P_EOM, or P_SKIP associated with EOM code
.509

= =

[%}

R

[72)

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

© ISO/IEC 2021 - All rights reserved
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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

set of Cartesian coordinates (3.30) associated with a volumetric frame (3.138)

.57

eometry access unit
llection of geometry maps (3.59) and auxiliary geometry frames, if present) corresponding to the
spme time instance

.58
eometry frame

D array created through the aggregation of the geometry (3.56)-information associated wjith each
atch (3.85)

.59
eometry map
eometry frame (3.58) containing geometry patch (3.85) information projected at a particular epth

.60

lobal broken link access access unit
BLA access unit

ccess unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a GBLA coded atlas (3.p1)

.61

lobal broken link access coded atlas
BLA coded atlas

IRAP coded atlas (3.73) franie, for which each ACL NAL unit (3.6) has nal_unit_type equal o NAL_
BLA_W_LP, NAL_GBLA_W_RADL, or NAL_GBLA_N_LP respectively

.62

lobal clean randomyaccess access unit
CRA access unit

ccess unit inwhich the coded atlas (3.34) with nal_layer_id equal to 0 is a GCRA coded atlas (3.h3)

.63

lobal elean random access coded atlas
CRA'coded atlas

IRAR, coded atlas (3.73) frame for which each ACL NAL unit (3.6) has nal_unit_type equal to NAI]_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

hypothetical decoder model that specifies constraints on the variability of conforming atlas NAL lun
(3.76) stfreams or conforming coded atlas (3.34) sample streams that an encoding process can prioducs

~

3.68

hypothe¢tical stream scheduler

HSS

hypothetical delivery mechanism used for checking the conformance of an atlas sub;bitstream (3.13) g
a decod¢r with regards to the timing and data flow of the input of an atlas sub-bitstream (3.13) into thie
hypothetical reference decoder (3.67)

—

3.69

instantaneous decoding refresh coded atlas access unit

IDR coded atlas access unit

access upnit in which the coded atlas (3.34) with nal_layer_id equalte’0 is an IDR coded atlas (3.70)

3.70
instanﬂmeous decoding refresh coded atlas
IDR coded atlas

IRAP coded atlas (3.73) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL_IDR_W_RADL,
or NAL_[DR_N_LP, NAL_GIDR_W_RADL, or NAL_GIDR_N_LP

Note 1 tp entry: An IDR coded atlas does not referto any atlases other than itself for inter prediction in it
decoding process, and may be the first atlas in;the bitstream in decoding order, or may appear later in th
bitstrear. Each IDR coded atlas is the first atlas of a CAS in decoding order. When an IDR coded atlas for whic
each ACL NAL unit has nal_unit_type equal to'NAL_IDR_W_RADL or NAL_GIDR_W_RADL, it may have associate
RADL coded atlases. When an IDR coded atlas for which each ACL NAL unit has nal_unit_type equal to NAI_
IDR_N_LP or NAL_GIDR_N_LP, it doesiot have any associated leading coded atlases. An IDR coded atlas does nq
have ass¢ciated RASL coded atlases.

QS 0O wn

—+

3.71
inter atjas tile
atlas tilg that can be decoded using both intra or inter prediction methods

3.72
intra at]as tile
atlas tilg that'is"decoded using only intra prediction methods

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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3.74
intra random access point coded atlas access unit
IRAP coded atlas access unit

021(E)

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

.76

etwork abstraction layer unit

AL unit

syntax structure containing an indication of the type of data to follow and bytes (3.24)ycontair
ata in the form of an RBSP (3.100)

77

etwork abstraction layer unit stream
AL unit stream

sequence of NAL units (3.76)

.78
on-ACL NAL unit
AL unit (3.76) that is not an ACL NAL unit (3.6).

79

on-auxiliary video component

gular video component

ideo component (3.125) indicated as being of non-auxiliary type through an appropriate flg
PS (3.134)

.80

on-auxiliary video sub-bitstream

gular video sub-bitstream

ideo sub-bitstream (3.127) indicated as being of non-auxiliary type through an appropriate fl
PS (3.134)

.81
on-essential supplemental enhancement information
SEI
1 (3.117) that is deemed as non-essential by the decoding process and may be ignored or d
ithout any adyerse effects

.82

on-essential supplemental enhancement information NAL unit
SEI NAL'unit

Al#unit (3.76) corresponding to a NSEI (3.81) and has nal_unit_type equal to NAL_PREFIX|

ling that

g in the

hg in the

scarded

| NSEI or

AL) 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
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3.86

patch data

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
classificption of patch modes (3.87) based on how the characteristics of a patch (3.85) are signalled and
interpreted

3.89
prefix HSEI NAL unit
essential SEI NAL unit (3.54) that has nal_unit_type equal to NAL_PREFIX_ESEI

3.90
prefix NSEI NAL unit
non-essdntial SEI NAL unit (3.82) that has nal_unit_type equal to NAL_PREFIX_NSEI

3.91
prefix SEI message
SEI (3.117) message that is contained in a prefix NSEI NAL unit (3.90) or prefix ESEI NAL unit (3.89)

3.92
prefix SEI NAL unit
SEI NALunit (3.118) that has nal_unit_type equal to INAL_PREFIX_NSEI or NAL_PREFIX_ESEI

3.93
projected patch
patch (31.85) with patch mode (3.87) equalite I_INTRA, P_INTRA, P_INTER, P_MERGE, or P_SKIP that is
associated with projected information onto a 2D image

3.94
projected patch type
patch tyjpe (3.88) indicating aprojected patch (3.93)

3.95
randoni access

the act ¢f starting th€ decoding process for a bitstream (3.23) at a point other than the beginning ¢
the strepm

=)

3.96
random access decodable leading access unit

RADL ateéssunit

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 access 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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3.98
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_RASL N

Note 1 to entry: All RASL coded atlases are leading coded atlas of an associated BLA or CRA coded|atl
he associated IRAP coded atlas has NoOutputBeforeRecoveryFlag equal to 1, the RASL coded atlas’is n
and may not be correctly decodable, as the RASL coded atlas may contain references to coded@atlases th

ot

hs. When
bt output
ht are not
s of non-
htlases of

VAL unit
plements

107), for
nd of the

d in the
try map
directly
) or the

W coded

present in the bitstream. RASL coded atlases are not used as reference atlases for the decoding proces
RASL coded atlases. When present, all RASL coded atlases precede, in decoding order, all.trailing coded

the same associated IRAP coded atlas.

3.100

raw byte sequence payload

RBSP

syntax structure (3.120) containing an integer number of bytes (3.24)that is encapsulated in a

(B.Z6) and that is either empty or has the form of a string of data bits (3.107) containing syntax

(B.119) followed by an RBSP stop bit (3.101) and zero or moresubsequent bits equal to 0

j.101

raw byte sequence payload stop bit

RBSP stop bit

hit equal to 1 present within a raw byte sequencepayload (3.100) after a string of data bits (3.
which the location of the end within an RBSP (3:100) can be identified by searching from the el
RBSP (3.100) for the for the last non-zero bit in,the RBSP (3.100)

3.102

RAW coded point

dpded representation (3.39) of a 3Dypoint for which its geometry (3.56) value is directly storg
dorresponding region of a RAW patch (3.103) in either the first component of the first geomd
(B.59) or the auxiliary geometry frame (3.20), and for which its attribute values, if present, are
sftored in the corresponding region of a RAW patch (3.103) in either first attribute map (3.14
auxiliary attribute frame((3.19), without any form of projection

3.103

RAW patch

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

3.104

RAW patch type

Hateh 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_ST
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 pf a bitstream (3.23)

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

3.110
sub-bit§tream IRAP composition unit

sub-bitsfream composition unit (3.109) that forms an independent random access point for the sul
bitstream (3.108)

3.111
sub-layer
temporgl scalable layer of a temporal scalable atlas sub-bitstream_3.13), consisting of ACL NAL unit
(3.6) with a particular value of the Temporalld variable and the associated non-ACL NAL units (3.78)

[%}

3.112
sub-layer non-reference atlas frame
SLNR aj};\s frame

atlas frames (3.8) that contains patches (3.85) that cannot be used for inter prediction in the decoding
process jof 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_typeequal to NAL_SUFFIX_ESEI

3.114
suffix NISEI NAL unit
NSEI NAJ unit (3.82) that has nal_unit_type equal to NAL_SUFFIX_NSEI

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

3.116
suffix SEI NALunit
SEI NAL lunit (8:118) that has nal_unit_type equal to NAL_SUFFIX_NSEI or NAL_SUFFIX_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

dccess unit in which the coded atlas (3.34) with nal_layer_id equal to 0 is a TSA coded atlas(3.122)

3.122

temporal sub-layer access coded atlas
TSA coded atlas

pded atlas (3.34) for which each ACL NAL unit (3.6) has nal_unit_type equal to NAL-TSA_R or NAL_TSA_N

3.123
tile
independently decodable rectangular region of an atlas frame (3.8)

3.124
viideo bitstream
Bitstream (3.23) conforming to a video specification that can represent a V3C component (3.129)

(%]

125
ideo component
U3C component (3.129) of type occupancy (3.83), geometry (3.56) or attribute (3.15)

<

L)

126
ideo data unit
yntax structure (3.120) containing videgd data information, such as a NAL unit (3.76)

L <«

=z

ote 1 to entry: In the context of ISO/IE€23008-2 or ISO/IEC 14496-10.

127

ideo sub-bitstream
xtracted sub-bitstream-(3.108) from the V3C bitstream (3.128) containing a part of|a video
itstream (3.136)

o0 0 <

128

isual volumetrievideo-based coding bitstream
[3C bitstream

equence of\bits that forms the representation of coded volumetric frames (3.37) and associafed data
brming.oné or more CVSs (3.38)

=N et <

3.129

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 co " ; . L o . Yy
IRAP coipposition units (3.110), where one of the sub-bitstream composition units (3.109) is a coded atld
access ufit (3.35) for which each ACL NAL unit (3.6) has nal_unit_type in the range of NAL_GBLA~W/L
to NAL_GBLA_N_LP, or is in the range of NAL_GIDR_W_RADL to NAL_GIDR_N_LP, or is equal.to-NAL_
GCRA, inclusive

[%)

")

3.133
visual violumetric video-based coding sub-bitstream

V3C suh-bitstream

sub-bitsfream (3.108) of a V3C bitstream (3.128) corresponding to a V3C component (3.129)

3.134
visual \:Iolumetric video-based coding parameter set
V3C panjameter set

VPS
syntax sgructure (3.120) containing syntax elements (3.119) that apply to zero or more entire CVSs (3.39)
and may be referred to by syntax elements (3.119) found in the/3C unit header (3.136)

3.135
visual \J:)lumetric video-based coding unit

V3C uni

syntax sgructure (3.120) containing a V3C unit header<3.136) and a V3C unit payload (3.137)

3.136
visual violumetric video-based coding unitheader

V3C unit header

syntax sgructure (3.120) containing an indication of the type of data to follow

3.137
visual \:I?lumetric video-based.coding unit payload
V3C unit payload

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

3.138
volumetric frame
set of 3I) points\specified by their Cartesian coordinates (3.30) and zero or more corresponding sets of
attributes (3.14) at 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-dimensional

4D four-dimensional

D five-dimensional

gD six-dimensional

71D seven-dimensional

ACL atlas coding layer

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

HLA broken link access

(AB coded atlas buffer

(RA clean random ac¢cess

AB decoded atlas-buffer

HSS hypothetical stream scheduler
I intra

IPDR instantaneous decoding refresh
IRAP intra random access point

I{SB least significant bit

MSB most-sighifieantbit

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 Cvaentions

5.1 General
NOTE The mathematical operators used in this document are similar to those used in the €-programminig
languagd However, the results of integer division and arithmetic shift operations are defined more precisely,

and additional operations are defined, such as exponentiation and real-valued division. Numbering and countinlg
conventipns generally begin from O.

5.2 Arithmetic operators

+ addition

- subtraction (as a two-argument operator) or negatiof (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 expohentiation.

/ integer division with truncation.of the result toward zero
For example, 7 / 4 and -7 / =4:a¥e truncated to 1 and -7 / 4 and 7 / -4 are truncated to -1l.

+ division in mathematical equations where no truncation or rounding is intended

division in mathematical equations where no truncation or rounding is intended

(i) summationf,f( i ) with i taking all integer values from x up to and including y

'ww <>

1=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 Lggical 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

X>>y

X <<y

equal to

not equal to

3.5 Bit-wise operators

bit-wise "not"

When operating on integer arguments, operates on a fwo’s complement rep
tion of the integer value. When operating on a binaryargument that contain
bits than another argument, the shorter argument.is extended by adding m
significant bits equal to 0.

bit-wise "and"

When operating on integer arguments,.0perates on a two's complement rep
tion of the integer value. When operating on a binary argument that contain
bits than another argument, the shoster argument is extended by adding m
significant bits equal to 0.

bit-wise "or"

When operating on integefarguments, operates on a two's complement rep
tion of the integer value-When operating on a binary argument that contain
bits than another argiment, the shorter argument is extended by adding m
significant bits equal to 0.

bit-wise "exclusive or"

When operating on integer arguments, operates on a two's complement rep
tion of the integer value. When operating on a binary argument that contain
bits than another argument, the shorter argument is extended by adding m
significant bits equal to 0.

arithmetic right shift of a two's complement integer representation of x by y
digits
This function is defined only for non-negative integer values of y. Bits shifte

021(E)

resenta-
s fewer
re

resenta-
s fewer
re

resenta-
s fewer
re

resenta-
s fewer
re

binary

d into

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

shift operation.

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

inary

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).i

equivalent to x =x + (-3)

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

equivalent to x =x - (-3)

5.7 Other operators

y..Z range operator/notation

5.8 Mpathematical functions

This function is defined only for integer values of y and z, When z is larger than or
equal to y, it defines an ordered set of values from y to z«rtincrements of 1. Other-
wise, when z is smaller than y, the output of this function is an empty set. If this opet
ator is used within the context of a loop, it specifies that any subsequent operations
defined are performed using each element of this.set, unless this set is empty.

[%2)

v

x ; x>=0
Abs(x) = (D
-x ; x<0
Ceil(x ) the smallest integer greater than ofequal to x. (2)
X Z<X
Clip3(x,y,z) =1y ; 7>y (3)
z ; othetwise
Floop( x ) the largest integer less than or equal to x. @)
Log2( x ) the bases2 Jogarithm of x. (E)
Log10( x ) the'base-10 logarithm of x. (G)}
(x ; x>=y
Max(Xy ) = 1 (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)

18

© ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090-5:2021(E)

1 ; x>0
Sign(x)=47 0 ; x=0
-1 ; x<0

Sort( A) the sorted version of the input array A in increasing order.

Sqrt( x ) the square root of x.

3.9 Order of operation precedence

Vhen order of precedence in an expression is not indicated explicitly by use of patenthsg
bllowing rules apply:

il

— Operations of a higher precedence are evaluated before any operation of a lower precedeng

- Operations of the same precedence are evaluated sequentially from left to'right.

=

able 1 specifies the precedence of operations from highest to lowest;"a higher position in t
hdicates a higher precedence.

—

NOTE For those operators that are also used in the C programming language, the order of precedsd
in this document is the same as used in the C programming language.

Table 1 — Operation precedence from highest (at:top of table) to lowest (at bottom of {

operations (with operands x, y and z)

x++", "X

"Ix","-x" (as a unary prefix-operator)

xY

N, sk (00 1 nmon non

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"

‘x<y", "x<=y", "x>y", "x>=y

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

IIX & yn

"X | yll
"X &&y"

< y"

(12)

(13)

(14)

ses, the

he table

nce used

able)

"x?vy:7'

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 numeri o ometimes "mnemaonic” name o ed without an aciated numerical
values.
one or
case lett

ore groups of letters separated by an underscore character. Each group starts with an-uppdr
er and may contain more upper case letters.

NOTE 1 | The syntax is described in a manner that closely follows the C-language syntactic constgucts.

Functiops that specify properties of the current position in the bitstream are refefred to as syntafx
function)s. These functions are specified in subclause 8.2 and assume the existenee of a bitstreath
pointer with an indication of the position of the next bit to be read by the decgding process from thie
bitstream. Syntax functions are described by their names, which are constructed as syntax elemerjt
names gnd end with left and right round parentheses including zero or. more variable names (fdr
definitign) or values (for usage), separated by commas (if more than oneyvariable).

Functiofs that are not syntax functions (including mathematical funictions specified in subclause 5.9)
are desdribed by their names, which start with an upper case lettér, contain a mixture of lower anfd
upper cgse letters without any underscore character, and end with left and right parentheses including
zero or more variable names (for definition) or values (for usage) separated by commas (if more thah
one varipble).

A one-djmensional array is referred to as a list. A two-dimensional array is referred to as a matrix.
Arrays ¢an either be syntax elements or variables.Subscripts or square parentheses are used for thie
indexing of arrays. In reference to a visual depiction of a matrix, the first subscript is used as a row
(vertical) index and the second subscript is used as a column (horizontal) index. The same indexing
order is|used when using square parentheses. Thus, an element of a matrix s at horizontal positiop
x and vértical position y may be denoted,either as s[ y ][ x ] or as s,,. A single row of a matrix may
be referfred to as a list and denoted, by, omission of the column index. Thus, the row of a matrix s gt
horizontal position x may be referred:to as the list s[ y ].

NOTE 2 | In some video specifications a reverse indexing order can be used when using square parenthes
for depicking two dimensional arrays, i.e. the first element in the square parentheses is the column (horizontal)
index andl the second elementin'the square parentheses is the row (vertical) index.

[72)

A speciffcation of values/of the entries in rows and columns of an array may be denoted by { {...} {...}
where dgach inner pdir of brackets specifies the values of the elements within a row in increasin
column |order and)the rows are ordered in increasing row order. Thus, setting a matrix s equal t
{{1}{6}{4F{9}} specifiesthats[0][ 0] issetequalto1,s[0][1]issetequalto6,s[1][0]is sqg
equal to[4, dnd s[ 1 ][ 1] is set equal to 9.

~ O 09 <

The symbol "<*15used 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 value different from zero.

5.11 Text description of logical operations
In the text, a statement of logical operations as would be described mathematically in the followi

if( condition 0)

ng form:

statement 0
else if( condition 1)
statement 1

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

may be described in the following manner:

... as follows / ... the following applies:

— If condition 0, statement 0

— Otherwise, if condition 1, statement 1

1+ Otherwise (informative remark on remaining cofidition), statement n

ach "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follow
he following applies” immediately followed by "If ... ". The last condition of the "If ... Otherw
therwise, ..." is always an "Otherwise, ...".\Iiterleaved "If ... Otherwise, if ... Otherwise, ..." st3
an be identified by matching "... as follows" or "... the following applies" with the ending "Other

Q O o

et

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

else if( condition 14 |] condition 1b)
statement 1

else
statemment n

may be described in the following manner:

.as follows / ... the following applies:

-C-f"all of the following conditions are true, statement 0:

rs" or ...
Fise, if ...
tements
wise, ...".

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

— 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:

When condition 0, statement 0

In addit

The “comtinue” statement, when encountered inside a loop, jumps to the beginning of the.Joop for t

next iter
loop for

is equiv

5.12 Py

Process
and invd
and dep|
specific

has explicitly specifigd an output. The output is a variable that can either be an upper case variable or

lower ca

When in

When condition 1, statement 1

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

ation. This results in skipping the execution of subsequent statements inside &he body of t
the current iteration. For example:

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

}

hlent to the following:

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

[0CESSES

s are used to describe,the decoding of syntax elements. A process has a separate specificatio
king. All syntax elements and upper case variables that pertain to the current syntax structur
ending syntax sfrliictures are available in the process specification and invoking. A proces
htion may alsphave a lower case variable explicitly specified as input. Each process specificatio

se variable.

voking a process, the assignment of variables is specified as follows:

— Ifthl

5= wn © =

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

— Otherwise (the variables at the invoking and the process specification have the same name),
assignment is implied.

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

22
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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
3T decoding or rendering system, or both, of which samples in the ZD components are associated with
data in the final 3D representation. The geometry component contains information aboutthe precise
lpcation of 3D data in space, while attribute components can provide additional properties) e.g| texture
dr material information, of such 3D data. An example is shown in Figure 1.

Atlas

[Information 101100...4Q

> Occupancy

V3C
bitstream

1 .
- | Volumetric

Capture > Projection —

> Geometry > 1

L Attribute > ! a‘_
(@)
Atlas
>lInformatien| » 101100... —
—*-Occupancy
V3C - L, 3D
bitstrean Reconstruction|

> Geometry > ' —

A4

— Attribute

@
[l

(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
mappingwith 4 projected patches onto an atlas when asps_patch _precedence order flag is equal to 0.

Projectdd points are represented with dark grey. The area that does not contain any projected points
is reprefented with light grey. Patch packing blocks are represented with dashed lines. The numbdr
inside eqch patch packing block represents the patch index of the patch to which it is mapped,
asps_frame_width
A : } A
0 {0 L o_=8 3 3 48 N e
patchldx =0 3
o\ 0 0o 7| 3 31 3 3\ 3 g
\/I ______ /1 ‘q‘) L 19\;
patchldk = )
1 //1\N/1) 1 ﬁ 3 / 3,03 \3| || 3
patchldx =1 - I -
: = W o[ &
o -1 3 N 3 3 >
(] N v 5
£ 2 2 MRV B ——73 i
& (— SIS S S N
U)I . - . g)
2 2 \7W 3 | pPAchdeE v &
= R R L | S
kl 1 Q- -1 o1l o111 T
- -- - -1 -1 100 -1 -1 -1 z:
! ! | | @
————————— D e e e M
| ] | I 1 I [e]
1l Ay 1 o1 1 11 1 - 5
v i l | ! ! 8
I‘S.tlasPatcthPosXE] AtlasPatch2dSizeX[2] i
Figure 2 — An example of block to patch mapping
In this ddcument, axes orientations are specified for internal operations. For instance, the origin of

the atlas coordinates is Iocated 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

)

©.0) x)
ATLAS
.ﬁ” (AtlasPatch2dPosX, AtlasPatch2dPosY) .
z 2
Q n
E — i~
5 =
< =
%] N
4 5
m d » E.
< » :'e
AtlasPatch2dSizeX
()
@
bitangent axis (V) Y
| Patch3D Patth
«\o‘s\ bounding box bounding box
ngz@\ < || \
i1/ d — normal axis (D) TilePatch3dOffsetU 2| TilePatch3dOffsetD. )L
] ’ TilePatch3dOffsetV 0[0,0,0] ¥ O X
OI
tangent-axis (U) Z ¥
(b) ©
Figure 3 — Example of (a) an atlas coordinate system, (b) a local 3D patch 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 decpded video frames may require the application of additional transformations, as described 1
Annex B, before any reconstruction operations. For example, the different components may needp b
time-aligned and converted to a nominal video format.

D =

With the V3C components in the nominal format, the 3D volumetric content is obtained accerding to thie
followinlg steps: pre-reconstruction, reconstruction, post-reconstruction and adaptation,

For pre-feconstruction, as specified in Clause 10, some of the decoded V3C components may be furthd
process¢d according to a specific application.

—

In the rpconstruction stage, described in Clause 11, the video components;,yalong with the decodefd
atlas data, are processed to reconstruct the volumetric content and associated information as outputs
For somje specific applications, this output corresponds to a collection‘of*points and their associate
attributgs, if present.

=7

The recpnstructed volumetric content can be further processéd;”depending on the application, b
applying informative post-reconstruction methods, as described in Clause 12.

<

Depending on the application, the post-reconstructed valumetric content can be further optionally
process¢d by additional transformations, as described in€lause 13.

7 Bitstream format, partitioning and scanning processes

7.1 General

Coded V3C video components are referred to in this document as video bitstreams, while an atlas
compongnt is referred to as the atlasbitstream. Video bitstreams and atlas bitstreams may be furthdr
split intp smaller units, referred to here as video and atlas sub-bitstreams, respectively, and may bje
interleayed together, after the,addition of appropriate delimiters, to construct a V3C bitstream. Onfe
particulpr form of a V3C hifstream, referred to as the V3C sample stream format, that encapsulates all
V3C unifs, is presented ii-Annex C.

7.2 V3C bitstream formats

stream, |either of which are referred to as the V3C bitstream. All V3C components including a
associatedV3C VPSs could be encapsulated using a different format depending on application.

This sulpclause specifies the relationship between the V3C unit stream format and the V3C samp"lF

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

¥

= o =n .3

=z

1

— =

[ollouli— | Q. =z =h =h o = =

e NALsamptestream, either of whichrare teferred toas the NAL bitstreanT:

he bitstream can be in one of two formats: the NAL unit stream format or the sample
prmat. The NAL unit stream format is conceptually the more "basic" type. It consists|ef a g
f syntax structures called NAL units. This sequence is ordered in decoding order,-as desg
ubclause 8.4.5.3. There are constraints imposed on the decoding order (and conténts) of the N
h the NAL unit stream.

OTE The NAL unit stream format is commonly not intended to be used in afly applications on its g
requires additional information, i.e. sub-bitstream size information, for decodirig its associated sub-bif
ne method of achieving this is through the use of the NAL sample stream fprmat.

he NAL sample stream format can be constructed from the NAL‘nit stream format by orde
AL units in decoding order and prefixing each NAL unit with@heading that specifies the ex
n bytes, of the NAL unit. A sample stream header is included at the beginning of the samplg
itstream that specifies the precision, in bytes, of the signalled NAL unit size. The NAL uni
brmat can be extracted from the sample stream forinat by traversing through the samplsg
brmat, reading the size information and appropriately’extracting each NAL unit. Methods of
AL units in a manner other than the use of the sample stream format are outside the scop
ocument. The sample stream format is specifiedin Annex D.

.4 Partitioning of atlas frames into-tiles
his subclause specifies how an atlas‘frame is partitioned into tiles.

0 enable parallelization, random.access, as well as a variety of other functionalities, an atlas f1
e divided into one or more rectangular partitions, that are referred to as tiles. Tiles are not al
verlap. An atlas frame may-contain regions that are not associated with a tile.

artitioning of an atlas-frame into tiles can be performed as follows:

— The atlas frame.is first partitioned into NumPartitionColumns * NumPartitionRows numb
partitions,#here NumPartitionColumns and NumPartitionRows are derived in subclause
width and‘héight of each tile partition, respectively, is indicated in the atlas frame tile infd
syntax(subclause 8.3.6.2.2).

- Oneror more tile partitions are then combined into tiles by indicating the locations of
partitions that correspond to the top-left and bottom-right corners of the tile. All tile p

stream
equence
ribed in
AL units

wn since
streams.

ring the
act size,
stream
stream
stream
framing
e of this

ame can
owed to

er of tile
7.5. The
rmation

the tile
rtitions

within these two tile partitions (‘nHP{‘fiVPIy form a tile_which is Pccpnfinlly a rpr“r;mgn];n" 1

egion 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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TileWidth[0]
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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 rangihg from 0 to NumPartitionColumns - 1, inclusive, specifyinjg
the width of the i-th tile partition, column in units of 64 samples, is derived, and the value d
NumPantitionColumns is inferred,-as.follows:

=)

if( afti_uniform_partition-spdcing_flag) {
artitionWidth = (afti’partition_cols_width_minusl + 1) * 64
umPartitionColunins = asps_frame_width / partitionWidth
artitionPosX{ 01=0
artitionWidth| 0 ] = partitionWidth
or(i=1yi¢ NumPartitionColumns - 1; i++ ) {
PartitionPosX[ i | = PartitionPosX[i- 1] + PartitionWidth[i-1]
PartitionWidth|[ i | = partitionWidth

}elset
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_minusl + 1) * 64
NumPartitionRows = asps_frame_height / partitionHeight
PartitionPosY[ 0] =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_minusl[ 0¥ 1) * 64
for(j=1;j < NumPartitionRows - 1; j++ ) {
PartitionPosY[ j | = PartitionPosY[j - 1] + PartitieonHeight[j - 1]
PartitionHeight[ j | = ( afti_partition_row_heightyminus1[j]+ 1) * 64

}

if( NumPartitionRows > 1) {
PartitionPosY[ NumPartitionRows - 1] =
PartitionPosY[ NumPartitionRows s 2'] + partitionHeight[ NumPartitionRows - 2
PartitionHeight[ NumPartitionRows@,1 | =
asps_frame_height - PartitionPosY[ NumPartitionRows - 1 ]

}

[ is a requirement of bitstream confermance that the values of partitionWidth[ i | for i ranging firom 0 to
NumPartitionColumns - 1, inclusive, and partitionHeight[j ] forjranging from 0 to NumPartitionRows -1,
hclusive, are greater than or equal to 64 and are multiples of PatchPackingBlockSize.

et

—e

8§ Syntax and semantics

8.1 Method efspecifying syntax in tabular form

=]

he syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constifaints on
he syntax may be specified, either directly or indirectly, in other clauses.

—

NOTE An actual decoder is expected to implement some means for identifying entry points|into the
bitstream and some means to identify and handle non-conforming bitstreams. The methods for identifying and
handiingerrorsand 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. */

{

statement

statement

/* A "while" structure specifies a test of whether a condition is true, and if true, specifies
evaluatjon of a statement (or compound statement) repeatedly until the condition is no
longer tirue */

while( ¢ondition )

statement

/* A "d¢ ... while" structure specifies evaluation of a statement once, fallowed by a test
of whether a condition is true, and if true, specifies repeated evaluation of the statement
until the condition is no longer true */

do

statement

while( ¢ondition )

tion is true, specifies evaluation of a primary statément, otherwise, specifies evaluation
of an alfernative statement. The "else" part of the'structure and the associated alternative
statemdnt is omitted if no alternative statement evaluation is needed */

if( condjition )
primary statement

/* An "a{... else" structure specifies a test of whetheiZa condition is true and, if the condi-

else

alternative statement

/* A "fdqr" structure specifies evaluation of an initial statement, followed by a test of a
conditign, and if the €ondition is true, specifies repeated evaluation of a primary statement
followefl by a subsgquent statement until the condition is no longer true. */

for( initial statement; 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:

— Ifthe 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.

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

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.

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

more_rbsp_data( ) is specified as follows:

o 0

(mllls o e

|

fdayload_extension_present( ) is specified as follows:

he following descriptors specify the parsing process of each syntax element:

1€ 1l H ot H +] i) i 1 dLDDPCDY) =+l i ] £ b
IT LIITT T 15 TIU 1TIUT' T Udlta 111 L11CT 1 dvv IJ)’ o DCLIUCIILC Pa_yluau LI\UJI ), LIICT 1CLUr Il vaiutc Ul 111U e_r Sp_

data( ) is equal to FALSE.

Otherwise, the RBSP data is searched for the last (least significant, right-most) bit equal fo 1 that
is present in the RBSP. Given the position of this bit, which is the first bit (rbsp_stop_one_bjt) of the
rbsp_trailing_bits( ) syntax structure, the following applies:

If there is more data in an RBSP before the rbsp_trailing_bits( ) syntax structure, the retufrn value
of more_rbsp_data( ) is equal to TRUE.

Otherwise, the return value of more_rbsp_data( ) is equal to FALSE}

The method for enabling determination of whether there is more“data in the RBSP is specifield by the
dpplication (or in Annex D for applications that use the sample stream format).

ext_bits( n ) provides the next bits in the bitstream for comparison purposes, without advarcing the
itstream pointer. Provides a look at the next n bits in the'bitstream with n being its argument

If the current position in the sei_payload( ) syntax structure is not the position of the last (least
significant, right-most) bit that is equal tg>Pthat is less than 8 * payloadSize bits from the bg¢ginning
of the syntax structure (i.e. the position'of the payload_bit_equal_to_one syntax element), the return
value of payload_extension_present(()is equal to TRUE.

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

ead_bits( n ) reads the next.n bits from the bitstream and advances the bitstream pointer|by n bit
ositions. When n is equal £3'0; read_bits( n ) is specified to return a value equal to 0 and to notfadvance
he bitstream pointer.

b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor is gpecified
by the return value of the function read_bits( 8 ).

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. Thg parsing
praocess for this descriptor is specified by the return value of the function read_bits( n ).

fl(n): binary floating point value using n bits. The parsing process for this descriptor is as qpecified

n 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
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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 1064 6. The parsing
process is specified as follows: st(v) begins at a byte-aligned position in the bitstream and reads and

retu

rns 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

poiy
rety

NOTE

is a byte{aligned position.

— u(n)
maf

an y
syn

equgl to 0 unless specified otherwise in the semantics.

— ue(V
par}

8.3 Sy

8.3.1

The V3
header 2
support

The att
identifig
attribut
Such sed
be limite

The occ
NAL un
indicate
defined

A
S
spetified by the return value of the function read_bits( n ) interpreted as a binavy representation af
d
e

ter by ( stringLength + 1) * 8 bit positions, where stringLength is equal to the number of byites
rned.

The st(v) syntax descriptor is only used in this document when the current position in thé-bitstream

n__n

: unsigned integer using n bits. When n is "v" in the syntax table, the numberofbits varies in
ner dependent on the value of other syntax elements. The parsing process for this descriptor i

nsigned integer with the most significant bit written first. When n is eqidl to 0, the associate
ax element is not present in the bitstream and its corresponding yvalue shall be inferred to b

): unsigned integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The
ing process for this descriptor is specified in subclause 142)

ntax in tabular form

General

bitstream is composed of a set of V3C unit$as shown in Figure 5. Each V3C unit has a V3C unit
nd a V3C unit payload. The V3C unit header describes the V3C unit type. Table 2 describes the
bd V3C unit types.

ibute video data V3C unit header specifies also the index of the attribute, which allows
ation of the attribute type baséed on VPS information, and the partition index, which enables ap
e that consists of multiple cOmponents to be segmented into smaller component partition units.
mentation allows such attribute types to be coded using legacy coding specifications that maly
pd in terms of the number of components that they can support.

ipancy, geometry and attribute video data unit payloads correspond to video data units (e.§
ts defined indSO/IEC 23008-2) that could be decoded by an appropriate video decoder 4
d by the profiles defined in Annex A and, if present, the component codec mapping SEI messag]
n subclause F.3.11.

CA ]

® wn
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___________________ | T TT———_e- e
. V3C Sample Stream | . __NAL Sample Stream | I Atlas Tile Layer :
V3C Sample Stream Precision NAL Unit Size Precision I_TILE
V3C Sample Stream Size NAL Unit Size I_LINTRA
V3 C_VPS % N AL_ ASPS patch_data_unit()

v3c_parameter_set() atlas_sequence_parameter_set_rbsp()

NAL Unit Size

NAL_AAPS

atlas_adaptation_parameter_set_rbsp()

V3C Sample Stream Size

V3C_AD Z)

atlas_sub_bitstream()

I_LINTRA

patch_data_unit()

I_LRAW

V3C Sample Stream Size raw_patch_data_unit(J

V3C_OVD 7

video_sub_bitstream()

NAL Unit Size

NAL_AFPS

atlas_frame_parameter_set_rbsp()

I_LEOM

eom_patch_data_ unit()

IEND
V3C Sample Stream Size NAL Unit Size
1
V3C_GVD /| NAL_PREFIX_ESEI P TILE
video_sub_bitstream() sei_rbsp()
P_SKIP

V3C Sample Stream Size

V3C_AVD

video_sub_bitstream()

NAL Unit Size

% ACL NAL unit type

atlas_tile_group_layer_rbsp()

skip_patch_data_unit()

P_MERGE

merge_patch_data_unit()

NAL Unit Size (

% ACL NAL unit type

atlas_tile_group_layer_rbsp() [
N B
NAL Unit sizﬂ\O
/| NAL_SUFFIX_ESEI

séi_rbsp()

P_INTER

inter_patch_data_unit()

P_INTRA

patch_data_unit()

P_RAW

raw_patch_data_unit()

% atlas_tile“group_header( )
”]]]]] atlas”tile_group_data_unit( )
% patch_information_data( )

- v3c_unit_header()

- v3c_unit_payload()
nal_unit_header( )

P_EOM

eom_patch_data_unit()

P_END

Figure 5 — Overview of V3C bitstream structure

8.3.2 V3C unit syntax

§.3.2.1 General V3C unit syntax

Yy3c_unitfhumBytesInV3CUnit ) { Des¢riptor
v3c_unit_header()

v3c unit navligadl numButesInV3ICUnit — 4.1
— - J \Y J M J

8.3.2.2 V3C unit header syntax

v3c_unit_header( ) { Descriptor
vuh_unit_type u(5)
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)
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vuh_atlas_id

u(6)

}

if( vuh_unit_type == V3C_AVD ) {

vuh_attribute_index

u(7)

vuh_attribute_partition_index

u(s)

vuh_map_index

u(4)

vuh_auxiliary_video_flag

u(1)

}el

be if( vuh_unit_type == V3C_GVD ) {

vuh_map_index

vuh_auxiliary_video_flag

u(®),
(1)

vuh_reserved_zero_12bits

| Cyu(12)

}el

be if( vuh_unit_type == V3C_OVD || vuh_unit_type == V3C_AD) O‘Qd‘)

)

: D
vuh_reserved_zero_17bits _ ‘],

u(17)

elsq

vuh_reserved_zero_27bits @)

u(27)

}

8.3.2.3

V3C unit payload syntax Q
N

v3c_unit_payload( numBytesInV3CPayload ) { N
\%

Descriptor

if(y

uh_unit_type == V3C_VPS) )

N

v3c_parameter_set( numBytesInV3CPayload ) \"Qv

elsd

if( vuh_unit_type == V3C_AD) @

atlas_sub_bitstream( numBytesInV3CPa Ay%\ad)

elsd

if( vuh_unit_type ==V3C_OVD || _, %’

vuh_unit_type == V3C_GVD {\\C\)J“

vuh_unit_type == V3C_AVD

video_sub_bitstream( n gﬁ@tesanSCPayload )

}

('

8.3.2.4

Atlas sub- bltstr@n syntax

atlas_stu

b bltstreanQ.n\meytes ){

sample_strg@n%?_\nal_header( )

nun

1Bytt§§v

wh

l?ém‘mBytes >0){

bdlllplc str Cdlll_ lldl Llllll.LJ

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( ) N
vps_v3c_parameter_set_id 6» u(4)
vps_reserved_zero_8bits (n . 4(8)
vps_atlas_count_minus1 A T y(6)
for(k = 0; k < vps_atlas_count_minus1 + 1; k++ ) { O\QVJ
vps_atlas_id[ k] AV 4(6)
j=vps_atlas_id[ k ] R N
vps_frame_width][ j ] ’O\\ ue(v)
vps_frame_height][ j | Q\‘O ug(v)
vps_map_count_minus1|j ] ;. o u(4)
if( vps_map_count_minus1[j]>0) AO‘
vps_multlple_map_streams_present_flagff] u(1)
vps_map_absolute_coding_ enabled flag[j @\: 1
vps_map_predictor_index_diff[ j QQ‘O
for(i=1;i<= Vps_map_count_mlnus’\]@i ; 1++) {
if( Vps_multiple_map_stream&i}s‘?esent_flag[j 1)
vps_map_absolute_qo@1g_enabled_f1ag[j 1[i] u(1)
else \.\(\)}7
Vps_map_absolL@}(‘:oding_enabled_ﬂag[ ili]=
if( Vps_map_ab@ut’e_coding_enabled_flag[j [i]== ) {
vps_map{predictor_index_diff[j][i] up(v)
} Q-
R
vps_g‘qxﬁary_video_present_flag[j ] u(1)
va,i{c"Eupancy_video_present_flag[j ] u(1)
.;@‘_geometry_video_present_flag[j ] u(1)
P vbvps_attribute_video_present_flag[ il u(1)
%\ if( vps_occupancy_video_present_flag[j])
I 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)
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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 | Profile, tier and level syntax
profile_fier_level( ) { Descriptor
pt]_tier_flag u(1)
ptl_profile_codec_group_idc u(7)
ptl_profile_toolset_idc u(8)
ptl_profile_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)
foff(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 | Occupancy informatieh syntax
occupancy_information( atlasiD ) { Descriptor
oifloccupancy_codec_ id[ atlasID ] u(8)
oi[lossy_occupancy_compression_threshold] atlasID ] u(8)
oijoccupancy_2d_bit_depth_minus1] atlasID ] u(5)
oijoccupancy_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://standardsiso.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 ][i] u(4)
ai_attribute_codec_id[ atlasID ][ i] 4(8)
if( vps_auxiliary_video_present_flag[ atlasID ] )
ai_auxiliary_attribute_codec_id|[ atlasID ][ i] 4(8)
if( vps_map_count_minus1[ atlasID ] > 0)
ai_attribute_map_absolute_coding_persistence_flag[ atlasID{’i ] u(1)
ai_attribute_dimension_minus1] atlasID ][] y(6)
if(ai_attribute_dimension_minus1[ atlasID ][i]>0) {
ai_attribute_dimension_partitions_minus1[ atlasiD ][ i] y(6)
remainingDimensions = ai_attribute_dimension_minus1[ atlasID ][ i]
k = ai_attribute_dimension_partitions_minusd[ atlasID ][ 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_channels_minus1[atlasID ][ i][ k] = remainingDimensions
}
ai_attribute_2d-bit_depth_minus1][ atlasID ][ i] u(5)
ai_attribute) MSB_align_flag[ atlasID ][ i] u(1)
}

§.3.4.6 - ‘Profile toolset constraints information syntax
brofile_toolset_constraints_information( ) { Des¢riptor
— ptcone_v3cframe_onlyfiag 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 NALunitsyntax

8.3.5.1 | General NAL unit syntax

nal_unif( NumBytesInNalUnit) { Descriptor
nall_unit_header( )
NymBytesInRbsp =0
fof(i=2;i< NumBytesInNalUnit; i++)

rbsp_byte[ NumBytesInRbsp++ | b(8)

}

8.3.5.2 | NAL unit header syntax

nal_unif_header() { Descriptor
nal_forbidden_zero_bit f(1)
na{l_unit_type u(6)
ndl_layer_id u(6)
ndl_temporal_id_plusl u(3)

}

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

8.3.6.1.1 General atlas sequence parameter set RBSP syntax

atlas_sdqquence_parameter_set_rbsp( ) { Descriptor
asps_atlas_sequence_parameter_set_id ue(v)
asps_frame/width ue(v)
asps_frame_height ue(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_deinterleaving_enabled_flag u(1)
if( asps_pixel_deinterleaving_enabled_flag )
for(j = 0;j <= asps_map_count_minusl; j++)
asps_map_pixel_deinterleaving_flag][j ] y(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 U1
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 y(1)
if( asps_extension_present (flag ) {
asps_vpcc_extension_present_flag u(1)
asps_extension_7bits u(7)
}
if(asps_vpcc.extension_present_flag)
aspssvipec_extension( ) /* Specified in Annex H*/
if(asps éxtension_7bits )
while( more_rbsp_data())
asps_extension_data_flag u(1)
tbsp_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 | Atlas frame parameter set RBSP syntax

8.3.6.2.1 General atlas frame parameter set RBSP syntax

atlas_frapme_parameter_set_rbsp( ) { Descriptor

afps_atlas_frame_parameter_set_id ue(v)
afps_atlas_sequence_parameter_set_id ue(v)
atlas_frame_tile_information( )

afps_output_flag_present_flag u(1)
afps_num_ref_idx_default_active_minus1 ue(v)
afps_additional_lt_afoc_lsb_len ue(v)
afps_lod_mode_enabled_flag u(1)
afps_raw_3d_offset_bit_count_explicit_mode_flag u(1)
afps_extension_present_flag u(1)

if([afps_extension_present_flag)
afps_extension_8bits u(8)
if(Jafps_extension_8bits )

while( more_rbsp_data().)
afps_extension-data_flag u(1)
rbgp_trailing_bits( )

}

8.3.6.2.2 Atlas frame'tile information syntax

atlas_frame_tilexinformation( ) { Descriptor’
affi_single_tile_in_atlas_frame_flag u(1)
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++ ) { N
afti_top_left_partition_idx[i] (\‘l/ ‘u(v)
afti_bottom_right_partition_column_offset[ i ] (f: . - ue(v)
afti_bottom_right_partition_row_offset[ i ] Y - ule(v)
} o
} -V
else \</>)
afti_num_tiles_in_atlas_frame_minusl = NumPartition@;\&ﬁasFrame -1
} el
else P CS\
afti_num_tiles_in_atlas_frame_minus1 = 0 AOY
if( asps_auxiliary_video_enabled_flag ) { & -
afti_auxiliary_video_tile_row_width_mii@ﬁ‘l ue(v)
for(i=0;i< afti_num_tiles_in_atlas_fgq&_minus1 +1;i++)
afti_auxiliary_video_tile_ro@}é‘ight[ i] ue(v)
} R
afti_signalled_tile_id_flag xO u(1)
if( afti_signalled_tile_id_flag) £}
afti_signalled_tile_i(ﬂ;\\lgth_minus1 ue(v)
for(i=0;i< afti_p\ﬁqrfl;tiles_in_atlas_frame_minus1 +1;i++ ) {
afti_tile_id[i] 4(v)
TileIDFolridex] afti_tile_id[i]] = i
Til exTolD[i] = afti_tile_id[ i ]
] Q2
y &
els@‘
P v?for( i=0;i<afti_num_tiles_in_atlas_frame_minusl + 1; i++ ) {
A 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( ) ) N
aaps_extension_data_flag u( i
rbp_trailing_bits( ) (A( . 2
} -
D
8.3.6.4 | Supplemental enhancement information RBSP syntax q:b
O
sei_rbsp() { \{</ Descriptor
do r'AO\
sei_message( ) \\J
while( more_rbsp_data() ) < O
rbgp_trailing_bits( ) OQ\
A
} N
I\
8.3.6.5 | Access unit delimiter RBSP syntax \QQ’
k\‘\.
access_pinit_delimiter_rbsp( ) { ;\Q)“‘ Descriptor
N
aframe_type « O u(3)
rbgp_trailing_bits() r-\j?\
\J
] a\
8.3.6.6 | End of sequence RBSP@X
C.
end_of_sequence_rbsp( ) { (\y Descriptor
} e
D
8.3.6.7 | End of bit@lm RBSP syntax
PN
end_of_atlas:s@}_’f)itstream_rbsp( ){ Descriptor
} A
2
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( )
}
§.3.6.10 RBSP trailing bit syntax q/r\
‘bsp_trailing_bits( ) { P .‘], es¢riptor
rbsp_stop_one_bit /* equal to 1 */ (\)9 (1)
while( Ibyte_aligned()) D
rbsp_alignment_zero_bit /* equal to 0 */ q‘/:) f(1)
1 NS
\\V
§.3.6.11 Atlas tile header syntax %O
e\
htlas_tile_header() { /. ) Des¢riptor

if( nal_unit_type >= NAL_BLA_W_LP && nal_unit_typ,\@‘§ NAL_RSV_IRAP_ACL_29)

ath_no_output_of_prior_atlas_frames_fla&\< y(1)
ath_atlas_frame_parameter_set_id ‘s\\)‘ up(v)
ath_atlas_adaptation_parameter_set_id QQ‘O up v)
ath_id &N 4v)
tileID = ath_id Y
ath_type ‘ \O uge(v)
if( afps_output_flag_present\f{a}")

ath_atlas_output_flgg)\‘ u(1)
ath_atlas_frm_order_cit_lsb U(v)
if( asps_num_ref_aﬁ@?rame_lists_in_asps >0)

ath_ref_at{ay?flrame_list_asps_flag u(1)
if( ath_ref_a,ﬁ@‘f}ame_list_asps_flag ==0)

refll(s’;gtruct( asps_num_ref_atlas_frame_lists_in_asps)
else if pvs_num_ref_atlas_frame_lists_in_asps >1)

AQt\h_ref_atlas_frame_list_idx u(v)
Kﬁj =0;j < NumLtrAtlasFrmEntries[ Rlsldx ]; j++ ) {
C5"  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(l) ,.
if(ath_num_ref_idx_active_override_flag) ‘(\Q/ )
ath_num_ref idx_active_minus1 (R(ek;j
} Il
} o
byte_alignment( ) _ ‘];’
) <
&
8.3.6.17 Reference list structure syntax \%O
LY
ref_list]struct( rlsldx ) { & O Descriptor
num_ref_entries| rlsldx ] OO\ ue(v)
fof(i=0; i < num_ref entries[ rlsldx ]; i++) { \\\‘
if(asps_long_term_ref_atlas_frames_flag) oj\v
st_ref_atlas_frame_flag[ rlsldx J[i] <C° u(l)
if( st_ref_atlas_frame_flag[ rlsldx ][i]) { 53
abs_delta_afoc_st[ rlsldx ][i] -\~ ue(v)
if( abs_delta_afoc_st[ rlsldx l[Ll"}g 0)
straf_entry_sign_f}_a‘gf:hsldx 1[i] u(1)
} else A
afoc_lsb_It[ risldx Jfi} uv)
} Q”
} O
N
8.3.7 Atlastile daé@rﬁt syntax
8.3.7.1 Gene&@as tile data unit syntax
atlas_ti e?dﬁgz hnit( tilelD ) { Descriptor
if(lafk_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 ) {

44 © ISO/IEC 2021 - All rights reserved



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

ISO/IEC 23090-5:2021(E)

patch_information_data( tileID, p, atdu_patch_mode[ tileID ][ p ] )
p++
}
} while( lisEnd )
}
AtduTotalNumPatches] tileID | = p
}
§.3.7.2 Patch information data syntax q/'\
N
patch_information_data( tilelD, patchldx, patchMode ) { {() ‘| Des¢riptor
if( ath_type == P_TILE ) { oY
if( patchMode == P_SKIP ) 0y
skip_patch_data_unit( ) Cy v
else if( patchMode == P_MERGE ) \{</v
merge_patch_data_unit( tilelD, patchldx ) r'AO\
else if( patchMode == P_INTRA) s\\J
patch_data_unit( tilelD, patchldx ) & O
else if( patchMode == P_INTER ) o)
inter_patch_data_unit( tileID, patchldx &‘
else if( patchMode == P_RAW ) D?\V
raw_patch_data_unit( tileID, pa‘ga@ﬁ;( )
else if( patchMode ==P_EOM ) o.®
eom_patch_data_unit( tilgl-ﬁ,\‘r;atchldx )
} \L\U
else if( ath_type == I_TILE ),{\\C)\
if( patchMode == _INTRA)
patch_data,\@(' tileID, patchldx )
else if( patchM‘o}l‘é ==]_RAW)
raw r;@c‘}vl_data_unit( tileID, patchldx )
else if@‘&?hMode ==]1_EOM)
n@fr/n_patch_data_unit( tileID, patchldx )
}
=\
8 Iﬁj%?\ 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)
pdu_lod_scale_y_idc[ tileID ][ patchldx ] ue@)
} P
} Qo
if(Jasps_plr_enabled_flag) O‘Q;")
plr_data( tileID, patchldx ) _ ‘];’
) R0
&
8.3.7.4 | Skip patch data unit syntax \@O
&
skip_pakch_data_unit( ) { & O Descriptor
} ()O\
\\\
8.3.7.5 | Merge patch data unit syntax @‘\\}
iVa\
merge_patch_data_unit( tileID, patchldx ) { .\\Q‘ Descriptor
if([NumRefldxActive > 1) @
mpdu_ref_index[ tilelD ][ patchldx ]~ ue(v)
OverridePIrFlag = 0 f\]r\'
m])du_override_Zd_params_flag(['ﬁ}éfD ][ patchldx ] u(1)
if( mpdu_override_Zd_params_‘(lag\[,tilelD ][ patchldx ] ) {
mpdu_2d_pos_x] tilelm‘atchldx ] se(v)
mpdu_2d_pos_y[ tilelD ][ patchldx ] se(v)
mpdu_Zd_deltgc§iz’e_x[ tileID ][ patchldx ] se(v)
mpdu_2d_gd-'g\_;ize_y[ tileID ][ patchldx ] se(v)
if( asps_p@_}ﬁabled_ﬂag )
‘@‘idePlrFlag =1
}else { @v
~mpdu_override_3d_params_flag[ tileID ][ patchldx | u(l)
ﬁ(ulpdu_un:l T idc_3d_pou dlub_ﬂdg[ titetD ][ pdtLhIdA ] ) {
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§:3:76—Inter patch-dataunitsyntax
nter_patch_data_unit( tileID, patchldx ) { Desc¢riptor
if( NumRefldxActive > 1)
ipdu_ref_index| tileID ][ patchldx ] ug(v)
ipdu_patch_index]| tileID ][ patchldx ] sg(v)
ipdu_2d_pos_x[ tileID ][ patchldx ] sg(v)
ipdu_2d_pos_y]| tileID ][ patchldx ] sg(v)
ipdu_2d_delta_size_x| tileID ][ patchldx ] sg(v)
ipdu_2d_delta_size_y| tileID ][ patchldx ] sg(v)
ipdu_3d_offset_u] tilelD ][ patchldx ] sg(v)
ipdu_3d_offset_v] tileID ][ patchldx ] sg(v)
ipdu_3d_offset_d] tileID ][ patchldx ] sg(v)
if(asps_normal_axis_max_delta_value_enabled flag)
ipdu_3d_range_d[ tileID ][ patchldx ] sg(v)
if(asps_plr_enabled_flag)
plr_data( tilelD, patchldx )

§8.3.7.7 RAW patch data unit syntax

‘aw_patch_data_unit( tilelD;patchldx ) { Des¢riptor
if( AuxTileHeight[ TileIDTolndex] tileID ] ] > 0)
rpdu_patchZin_auxiliary_video_flag| tileID ][ patchldx ] y(1)
rpdu_2d_pes x| tilelD ][ patchldx ] ug(v)
rpdu_2d_pos_y][ tileID ][ patchldx | uk(v)
rpdu:2d_size_x_minus1] tilelD ][ patchldx ] uk(v)
rpdu_2d_size_y_minus1][ tileID ][ patchldx | up(v)
rpdu_3d_offset_u[ tileID ][ patchldx ] y(v)
rpdu—3d-offset-vititeDHpatchidxi 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)
} ‘(‘\Iq/ )
} <
S
8.3.7.9 | Point local reconstruction data syntax QO.)
/e
plr_data( tileID, patchldx ) { Cy Descriptor
blgckCnt = BlockCnt( TilePatch2dSizeX[ tilelD ][ p ], TilePatch2dSizeY[ tilelD][ p )
forf(i=0;i<asps_map_count_minusl + 1; i++ ) { \ 3
if( plri_map_present_flag[i]) { s\\J
if( blockCnt > plri_block_threshold_per_patch_minu@[H‘+ 1)
plrd_level] tileID ][ patchldx ][] o) u(1)
else \\\‘
plrd_levell tileID ][ patchldx ][i]=1 .~
if( plrd_level] tilelD ][ patchldx ][ i] ::AW
for(j=0;j <blockCnt; j++) { . o.Q\
plrd_present_block_flag] tileID ][ patchldx ][i][j ] u(l)
if( plrd_present_blq&k\_)flag[ tileID ][ patchldx ][ i][j])
plrd_blo,c_,kéQode_minusl[ tileID ][ patchldx ][ i][j] u(v)
} -
}else { A@ )
plrd_presg‘h,\tfﬂag[ tileID ][ patchldx ][] u(1)
if( plrg,_@egent_flag[ tileID ][ patchldx ][i])
~plrd_mode_minus1[ tileID ][ patchldx ][ i ] uv)
> O
AN
} QY
} AX"
©
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 )

A—Senrantics

4.1 General

emantics associated with the syntax structures and with the syntax elements withiti these structures
re specified in this subclause. When the semantics of a syntax element are specgified using a tpble or a
set of tables, any values that are not specified in the table(s) shall not be presentin the bitstream unless
therwise specified in this document.

or some applications, different encapsulation of a V3C bitstream may be“ised that may not utilize the
3C unit structure. As an example, in ISO/IEC DIS 23090-10Y, the inférmation provided by the ¥3C unit

-+

8.4.2 V3C unit semantics

§.4.2.1 General V3C unit semantics

railing_zero_8bits is a byte equal to 0x00.

§.4.2.2 V3C unit header semanties

Table 2 — V3C unit types

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 -

nd V3C parameter sets may be provided through equivalent struetures and the V3C unit sfructure
may not be directly present. In such applications, all the syntaxelements specified in subclauses 8.3.2
and 8.3.4, such as vuh_unit_type, vuh_atlas_id, vuh_map_index, vps_atlas_count_minus1, etc.| may be
dbtained through external means.

vulunit_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-bitstream and the operations described in subclauses 9.4 and 9.5 for geometrjy
and attrjbute video sub-bitstreams respectively. The value of vuh_map_index, when present, shall‘be ip
the range of 0 to vps_map_count_minus1[ vuh_atlas_id ], inclusive.

s9)

vuh_auxiliary_video_flag equal to 1 indicates that the associated geometry or attribute\video dat
unit is a|RAW or EOM coded points video only sub-bitstream, or both. vuh_auxiliary_videolflag equal t
0 indicafes that the associated geometry or attribute video data unit may contain RAW or EOM code
points, dr both. When vuh_auxiliary_video_flag is not present, its value shall be inferred to be equal to

o)

vuh_regerved_zero_12bits, when present, shall be equal to 0 in bitstreams conforming to this edition
of this document. Other values for vuh_reserved_zero_12bits are reserved ‘for future use by ISO/IE(.
Decoders shall ignore the value of vuh_reserved_zero_12bits.

vuh_regerved_zero_17bits, when present, shall be equal to 0 in bitstreams conforming to this edition
of this document. Other values for vuh_reserved_zero_17bits areréserved for future use by ISO/IE(.
Decodeifs shall ignore the value of vuh_reserved_zero_17bits.

vuh_regerved_zero_27bits, when present, shall be equal to 07in bitstreams conforming to this edition
of this document. Other values for vuh_reserved_zero_27bits are reserved for future use by ISO/IE(.
Decoderifs shall ignore the value of vuh_reserved_zero.27bits.

8.4.2.3 | V3C unit payload semantics

video_syib_bitstream( numBytes ) contains-aportion of a video unit stream of size numBytes as a
ordered|stream of bytes or bits withinswhich the locations of unit boundaries are identifiable froj
patterng in the data. The format of suchvideo unit stream is identified by a 4CC code as defined bl
ptl_profjle_codec_group_idc or by ascomponent codec mapping SEI message.

l=3=]

8.4.2.4 | Atlas sub-bitstream semantics

atlas_sup_bitstream( numBytes ) contains a portion of an atlas NAL unit stream of size numBytes as ap
ordered|stream of bytes\or bits within which the locations of atlas NAL unit boundaries are identifiable
from pafterns in the‘data. The format of such atlas NAL unit stream is defined in Annex D.

8.4.2.5 | Order-of V3C units and association to coded information

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 The VPS mechanism decouples the transmission of infrequently changing information from the
transmission of V3C units. VPSs can, in some applications, be conveyed "out-of-band".

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 pr
active VPS.

eviously

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 pr

ior 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 nes

CVS.

All constraints that are expressed on the relationship between the values of the syntax_ elém
the values of variables derived from those syntax elements in VPSs and other syntaX elem
gxpressions of constraints that apply only to the active VPS. If any VPS is present thatisynever g
inh the bitstream, its syntax elements shall have values that would conform to the specified cor
if it was activated by reference in an otherwise conforming bitstream.

=

uring operation of the decoding process (see Clause 9), the values of parametérs of the active
onsidered in effect.

(@)

§.4.2.5.3 Order of V3C units and association to CVSs

A V3C bitstream conforming to this document consists of one 6 more CVSs. A CVS starts wit
cluded in at least one V3C unit or provided through external means, and contains one or
units that can be factored into V3C composition units. The first V3C composition unit in a CVS
n IRAP composition unit.

—

CVS consists of multiple V3C sub-bitstreams, Gwith each V3C sub-bitstream associated
3C component. For each component, its first corresponding V3C sub-bitstream shall star
rresponding IRAP sub-bitstream unit.

or atlas sub-bitstreams the IRAP sub-bitstream unit corresponds to a coded atlas access unit f
ach ACL NAL has nal_unit_type in the range of NAL_GBLA_W_LP to NAL_GBLA_N_LP,orisint
f NAL_GIDR_W_RADL to NAL_GIDRCN_LP, or is equal to NAL_GCRA, inclusive.

or video sub-bitstreams, the IRAP sub-bitstream unit is defined by the respective video spec
nd it is outside the scope ofithis document. For example, for ISO/IEC 14496-10 an IRAP sub-b
unit can be an IDR or a CRA access unit as defined in that document.

3C units with differént V3C unit headers may be decoded in parallel. V3C units with the same

V3C bitstream/in general contains multiple sub-bitstreams. Each sub-bitstream is partitio
ub-bitstreapi:composition units.

o0

4.3 Byte alignment semantics

V
Headers can be decoded as if the associated sub-bitstreams are concatenated in the order receiyved.
A
S

bnts and
ents are
ctivated
straints

VPS are

h a VPS,
ore V3C
shall be

with a
[ with a

br which
he range

ification
tstream

V3C unit

ned into

alignment_bit_equal to_one shall be equal to 1.

alignment_bit_equal_to_zero shall be equal to 0.
8.4.4 V3C parameter set semantics

8.4.4.1 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 != k.

vps_frame_width|[ j ] indicates the V3C frame width in terms of integer luma samples for the atlas Wi:.t
atlas ID|j. This frame width is the nominal width that is associated with all V3C components-for't
atlas with atlas ID j.

vps_frame_height[ j | indicates the V3C frame height in terms of integer luma samples’for the atla
with atlps ID j. This frame height is the nominal height that is associated with all V3G-¢emponents fq
the atlag with atlas ID j.

= n

[om

vps_map_count_minus1|j ] plus 1 indicates the number of maps used for encoding the geometry an
attribute data for the atlas with atlas ID j. vps_map_count_minusl1[ j ] shall(be'in the range of 0 to 1%,
inclusivg.

[72)

vps_mulltiple_map_streams_present_flag[ j ] equal to 0 indicates that-all geometry or attribute map
for the dtlas with atlas ID j are placed in a single geometry or attribute video stream, respectively. vpq_
multiplg map_streams_present_flag[ j ] equal to 1 indicates that\all'geometry or attribute maps for thie
atlas with atlas ID j are placed in separate video streams. When vps_multiple_map_streams_present_
flag[ j ] is not present, its value shall be inferred to be equal to 0.

vps_map_absolute_coding_enabled_flag[j][i] equal.to-l indicates that the geometry map with indefx
i for the|atlas with atlas ID j is coded without any, ferm 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 ID j is
first predicted from another, earlier coded, map_prior 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_malE_predictor_index_diff[ j ][ 1 ]\is 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 equal to
More spgcifically, the map predicterindex for map i, MapPredictorindex| i ], shall be computed as:

MapPredictorindex][ i | = (i.—.1) - vps_map_predictor_index_diff[ j ][ i] (13)

=}

The valye of vps_map_ptédictor_index_diff[ j ][ i ] shall be in the range from 0 to i - 1, inclusive. Whe
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. informatio
associated with, RAW or EOM patch types, for a patch in the atlas with atlas ID j may be stored in
separatg video stream, referred to as the auxiliary video stream. vps_auxiliary video_present_flag] j
equal td OJndicates that additional information, i.e. information associated with RAW or EOM patc
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.

- — D D

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_8bits not equal to 0 specifies that the syntax element vps_extension_length.id present
in the v3c_parameter_set( ) syntax structure. vps_extension_8bits equal to 0 specijfies that the
syntax element vps_extension_length_minusl is not present. vps_extension_8bits shall-be pqual to
( in bitstreams conforming to this edition of this document. Other values of vps_extension_8bits are
reserved for future use by ISO/IEC.

ps_extension_length_minus1 plus 1 specifies the number of vps_extension,/data_byte elemgnts that
bllow this syntax element.

= <

<

ps_extension_data_byte may have any value.

8.4.4.2 Profile, tier and level semantics
tl_tier_flag specifies the tier context for the interpretation.of ptl_level_idc as specified in Annex A.

tl_profile_codec_group_idc indicates the codec group_profile component to which the CVS cpnforms
s specified in Annex A. Bitstreams shall not contain values of ptl_profile_codec_group_idc other than
hose specified in Annex A. Other values of ptl_profile_codec_group_idc are reserved for future use by
50/1EC.

—ct QO == -

tl_profile_toolset_idc indicates the toolset @@mbination profile component to which the CVS cpnforms
s specified in Annex A. Bitstreams shall net contain values of ptl_profile_toolset_idc other than those
pecified in Annex A. Other values of ptl.profile_toolset_idc are reserved for future use by ISO/IEC.

Q=

(%)

tl_profile_reconstruction_idc -indicates the reconstruction profile component to which the
VS is recommended to conform-to as specified in Annex A. Decoders may select to use a different
econstruction profile than_the ‘one indicated in the bitstream. Bitstreams shall not contaip values
f ptl_profile_reconstruction®idc other than those specified in Annex A. Other values of ptl| profile_
econstruction_idc are reserved for future use by ISO/IEC.

S 0O = O

tl_reserved_zero(l6bits, when present, shall be equal to 0 in bitstreams conforming to thi$ edition
f this document~Qther values for ptl_reserved_zero_16bits are reserved for future use by [SO/IEC.
[Jecoders shalljignore the value of ptl_reserved_zero_16bits.

o

ptl_reserved_Oxffff 16bits, when present, shall be equal to OXxFFFF in bitstreams conforminig to this
dition<ofithis document. Other values for ptl_reserved_Oxffff 16bits are reserved for futurg use by
50/AEC. Decoders shall ignore the value of ptl_reserved_0xffff_16bits.

—

£1-1 1 3 s £ ] 14 haicl-+loo CVIC £ YA A A Do -h ll t
CI_ICVUI_IUTU IHIUITALTS A ICVUT LU VWITHIUIT T1HIT UGV O CUILTIUL LIS d5 D}JCLIIACU IIT AIIIICA A DILSUTI TAIILS a nO

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,

occuparlcy video for the atlas with atlas ID j shall be converted to. oi_occupancy_2d_bit_depth_
minusl1[|j ] shall be in the range of 0 to 31, inclusive.

oi_occupancy_MSB_align_flag[ j | indicates how the decoded occupancy wideo samples associate
with anatlas with atlas ID j are converted to samples at the nominal occupancCy bit depth, as specifie
in Annex B.

[epen

8.4.4.4 | Geometry information semantics

gi_geometry_codec_id[ j | indicates the identifier of the codé¢.used to compress the geometry vide
data for|the atlas with atlas ID j. gi_geometry_codec_id[ j | shall be in the range of 0 to 255, inclusivg.
This codec may be identified through the profiles definedii Annex A, a component codec mapping SH
messagd, or through means outside this document.

[=]

=4

]

gi_geometry_2d_bit_depth_minus1[j] plus 1 indicates the nominal 2D bit depth to which all geometr
videos fpr the atlas with atlas ID j shall be conyernted to. gi_geometry_2d_bit_depth_minus1][j | shall b
in the range of 0 to 31, inclusive.

[

gi_geometry_MSB_align_flag[ j ] indicdtes how the decoded geometry video samples associated with
an atlas|with atlas ID j are converted to samples at the nominal geometry bit depth, as specified i
Annex B,

-

gi_geometry_3d_coordinates_bit_depth_minus1[ j ] plus 1 indicates the bit depth of the geometr
coordingtes of the reconstructed volumetric content for the atlas with atlas ID j. gi_geometry_3d_
coordinjtes_bit_depth_minus1[ j ] shall be in the range of 0 to 31, inclusive.

<

gi_auxiliary_geometry’/codec_id[ j ], when present, indicates the identifier of the codec used tp
compregs the geometry video data sub-bitstreams, when RAW coded points are encoded in an auxiliary
video stfeam for'the atlas with atlas ID j. gi_auxiliary_geometry_codec_id[ j ] shall be in the range of P
to 255, Inclusive. This codec may be identified through the profiles defined in Annex A, a component
codec mlapping SEI message, or through means outside this document. When not present the value af
gi_auxil nry_gpnmpfry_rndm‘_id[j ] isinferred to be P{}nn] to gi_gpnmpfry_r‘ndp(‘_id[ j ]

8.4.4.5 Attribute information semantics

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

S..14 ATTR_RESERVED Reserved

15 ATTR_UNSPECIFIED Unspecified

ATTR_TEXTURE indicates an attribute that contains texture information of a volumetfic frame. For
gxample, this may indicate an attribute that contains RGB (Red, Green, Blue) colourdnformation.

ATTR_MATERIAL_ID indicates an attribute that contains supplemental information that iglentifies
the material type of a point in a volumetric frame. For example, the material type could befused as
an indicator for identifying an object or the characteristic of a point within a volumetric frame. The
ihterpretation of the values of such attribute frame type is outside the scope of this document.

ATTR_TRANSPARENCY indicates an attribute that contains transparency information that is associated
Uith each point in a volumetric frame.

<

TTR_REFLECTANCE indicates an attribute that contains{reflectance information that is associated
Vith each point in a volumetric frame.

<

TTR_NORMAL indicates an attribute that contains‘\a’ unit vector information associated wjith each
oint in a volumetric frame. The unit vector specifi€s'the perpendicular direction to a surface gt a point
.e. direction a point is facing). An attribute frame with this attribute type shall have ai_attribute_
imension_minus1 equal to 2. Each channel of;an attribute frame with this attribute type shall] contain
ne component of the unit vector (X, y, z);\where the first component contains the x coordinate, the
econd component contains the y coordifate, and the third component contains the z coordinafte.

v .o oMM S

TTR_UNSPECIFIED indicates an atfribute that contains values that have no specified meaninlg in this
ocument and will not have a specified meaning in the future as an integral part of this documgnt.

in bitstreams conforming te’this edition of this document. Decoders conforming to this editiOﬁl of this
ocument should ignereattribute sub-bitstreams with an attribute type a value ai_attribufe_type_

A

d

Values indicated as ATTR_RESERVED are reserved for future use by ISO/IEC and shall not bel present
i

d

id[j][1] equal to ATTRZRESERVED.

di_attribute_cgdec_id[ j ][ i ] indicates the identifier of the codec used to compress the attribyte video
data with index-i for the atlas with atlas ID j. ai_attribute_codec_id[ j ][ i ] shall be in the range of 0 to
455, 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.

di_auxiliary_attribute_codec_id[ j ][ i ], when present, indicates the identifier of the codec|used to
cdompress the attribute video data for RAW or EQM 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{
for(k = 0; k < vps_map_count_minusl[j |; k++)
AttributeMapAbsoluteCodingEnabledFlag[j][i][ k] =
vps_map_absolute_coding_enabled_flag[j][i]
}

—

ai_attripute_dimension_minus1[ j ][ i ] plus 1 indicates the total number of dimensions (i.e., numbe
of channels) of the attribute with index i, for the atlas with atlas ID j. ai_attribute_dimension_minus1][ j
[i] shal] be in the range of 0 to 63, inclusive.

[—

—

ai_attripute_dimension_partitions_minus1[ j ][ i ] plus 1 indicates the number of partition groups i
which the attribute channels of the attribute with index i, for the atlas with.atlas ID j, should be groupe
in. ai_atfribute_dimension_partitions_minus1][ j ][ i ] shall be in the range*of 0 to 63, inclusive.

o

ai_attripute_partition_channels_minus1[ k ][i][j] plus 1 indicates the number of channels assigned
to the dimension partition group with index j, of the attribute with index i, for the atlas with atlas ID k.
ai_attribute_partition_channels_minus1[ k ][ i ][ j ] shall be in.the range of 0 to ai_attribute_dimension_
minusl[|k ][ i], inclusive, for all dimension partition groups;

ai_attripute_2d_bit_depth_minus1[ j ][ i | plus 1 indicates the nominal 2D bit depth to which all thie
attribute videos with attribute index i, for the atlas with atlas ID j, shall be converted to. ai_attribute_2d_
bit_depth_minusl[j ][ i | shall be in the range of 0t631, inclusive.

ai_attripute_MSB_align_flag[ j ][ i ] indicates-how the decoded attribute video samples with attribu]
index i, ffor the atlas with atlas ID j, are-e€enverted to samples at the nominal attribute bit depth, a
specifiefl in Annex B.

wn O

8.4.4.6 | Profile toolset constraints information semantics

ptc_one v3c_frame_only_flag) when present, has semantics specified in Annex A, where the profile
indicated by ptl_profile_pcc_toolset_idc is a profile specified in Annex A. When not present, ptc_ong_
v3c_framne_only_flag isiuferred to be equal to 0.

—_—

ptc_eonmp_constraint:flag equal to 1 specifies that the parameter asps_eom_patch_enabled_flag sha
be equal to 0. pté.eom_constraint_flag equal to 0 does not impose a constraint. When not present, ptq_
eom_coIstraint_flag is inferred to be equal to 0.

ptc_max tmap_count_minus1 specifies that vps_map_count_minus1 shall be less than or equal to ptq_
max_map_count_minus1l. When not present, ptc_max_map_count_minus1l 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.

tc_45degree_no_projection_patch_constraint_flag equal to 1 specifies that asps_ejtended_
rojection_enabled_flag shall be equal to 0.

¢

¢

dtc_45degree_no_projection_patch_constraint_flag equal to 0 does not impose aconstraint. When not
dresent, ptc_45degree_no_projection_patch_constraint_flag is inferred to be equal to 0.
B
(
i

d

tc_reserved_zero_6bits shall be equal to 0 in bitstreams conforming to,this edition of this ddcument.
ther values of ptc_reserved_zero_6bits are reserved for future use by ISO/IEC and shall not bg present
in bitstreams conforming to this edition of this document. Decoders(conforming to this edition of this
ocument shall ignore values of ptc_reserved_zero_6bits other than.

Atc_num_reserved_constraint_bytes specifies the number, of the reserved constraint bytes. The
vialue of ptc_num_reserved_constraint_bytes shall be 0 in bitstreams conforming to this editign of this
document. Other values of ptc_num_reserved_constraintibytes are reserved for future use by|ISO/IEC
and shall not be present in bitstreams conforming to thissedition of this document. Decoders confforming
tp this edition of this document shall ignore values of ptc_num_reserved_constraint_bytes othefr than 0.

ptc_reserved_constraint_byte[ i | may have any value. Its presence and value do not affect|decoder
donformance to profiles specified in this edition of this document. Decoders conforming to thi edition
df this document shall ignore the values of all the ptc_reserved_constraint_byte[ i ] syntax elements.

8.4.5 NAL unit semantics

o0

.4.5.1 General NAL unit semantics

umBytesInNalUnit specifies the size of the NAL unit in bytes. This value is required for decoding
f the NAL unit. Some_form of demarcation of NAL unit boundaries is necessary to enable ihference
f NumBytesInNalUnit./One such demarcation method is specified in Annex D for the sampl¢ stream
brmat. Other metheds of demarcation can be specified outside this document.

- o O =

=z

OTE1 The%atlds coding layer (ACL) is specified to efficiently represent the content of the patch data|The NAL
specified to~format that data and provide header information in a manner appropriate for conveygnce on a
ariety of sommunication channels or storage media. All data are contained in NAL units, each of which|contains
integer humber of bytes. A NAL unit specifies a generic format for use in both packet-oriented and Bitstream
systéms. The format of NAL units for both packet-oriented transport and sample streams is identical except that
in tre sample stream format specified in Annex D each NAL unit can be preceded by an additional element that
SPECITIES 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:
— Ifthe SODB is empty (i.e., zero bits in length), the RBSP is also empty.

— Otherwise, the RBSP contains the SODB as follows:
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1y

2)

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

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

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

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

Syntax
suffix. T|
associat

NOTE 2

concaten
significa
that folld

the RBSH

8.4.5.2

nal_forbhidden_zero_bit shall be equal to 0.

nal_uni
Table 4.

NAL un
which s¢

NOTE 1

applicati
applicati
encoders
content d
values. T
different]
or not po
or by con

For pur
specifie
of all NA

NOTE 2

—_—

iii) When the rbsp_stop_one_bit is not the last bit of a byte-aligned byte, one or more bits equig
to O (i.e. instances of rbsp_alignment_zero_bit) are present to result in byte alignmeat.

n

structures having these RBSP properties are denoted in the syntax tables using an "_rbsp
hese structures are carried within NAL units as the content of the rbsp_byte[ i | data bytes. Thie
jon of the RBSP syntax structures to the NAL units is as specified in Table 4.

When the boundaries of the RBSP are known, the decoder can extract the SODB from the RBSP b
ating the bits of the bytes of the RBSP and discarding the rbsp_stop_one_bit/which is the last (leas
ht, right-most) bit equal to 1, and discarding any following (less significant, farther to the right) bit
w it, which are equal to 0. The data necessary for the decoding process is.centained in the SODB part

—_ N+ <

NAL unit header semantics

-

L_type specifies the type of the RBSP data structure contained in the NAL unit as specified i

ts that have nal_unit_type in the range ofdNAL_UNSPEC_53.NAL_UNSPEC_63, inclusive, fqr
mantics are not specified, shall not affect the decoding process specified in this document.

NAL unit types in the range of NAL_UNSPEC_53..NAL_UNSPEC_63 can be used as determined by the
bn. No decoding process for these yalues of nal_unit_type is specified in this document. Since different
bns can use these NAL unit types for different purposes, particular care is expected in the design ¢f
that generate NAL units with these nal_unit_type values, and in the design of decoders thatinterpret thle
f NAL units with these nal_unit_type values. This document does not define any management for thege
hese nal_unit_type valuescould only be suitable for use in contexts in which "collisions" of usage (i.g.,
definitions of the meaning of the NAL unit content for the same nal_unit_type value) are unimportant,
ssible, or are managed,e’g. defined or managed in the controlling application or transport specification,
trolling the envirenniént in which bitstreams are distributed.

v

boses other €han determining the amount of data in the decoding units of the bitstream (4
l in Annex D), decoders shall ignore (i.e. remove from the bitstream and discard) the content
L units that use reserved values of nal_unit_type.

[72)

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 NAERASEN €odedtiteofaRASEatlasframe ACL

9 NAL_RASL_R atlas_tile_layer_rbsp()

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-reference”ACL ACL

14 NAL_RSV_ACL_N14 NAL unit types

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

15 NAL_RSV_ACL_R15 unit types

16 NAL_BLA_W_LP Coded tile of a BLA atlas franre that is not a 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_layersrbsp( )

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

23 NAL_IDR_N_LP atlas_tilerlayer_rbsp()

24 NAL_GIDR_W_RADL Coded tile 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_RSV)IRAP_ACL_28 |Reserved IRAP ACL NAL unit types ACL

29 NALCRSV_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 noh-ACL
atlas_sequence_parameter_set_rbsp( )

37 NAL_AFPS Atlas frame parameter set noph-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( )
4- I“{'AL_FREFIX_ESEI Ebbt:lll,idl bupplcllltlll.dl Cllhdlll,t:lllﬁlll, illfUl lIldLiUIl llUll'ACL
4p NAL_SUFFIX_ESEI sei_rbsp()
4y NAL_AAPS Atlas adaptation parameter set nonsACGL
atlas_adaptation_parameter_set_rbsp()
48.152 NAL_RSV_NACL_48 Reserved non-ACL NAL unit types non-ACL
NAL_RSV_NACL_52
53.l63 NAL_UNSPEC_53 Unspecified non-ACL NAL unit types non-ACL
NAL_UNSPEC_63
NOTE 3 | A clean random access (CRA) atlas frame can have associated random access skipped leading (RASIL)

or rando

NOTE 4
GBLA_W

nal_unit |type equal to NAL_BLA_W_RADL or NAL_GBLA_W_RADL, do€s wot have associated RASL atlas framg

present i

nal_unit |type equal to NAL_BLA_N_LP or NAL_GBLA_N_LP, does ngt have associated leading atlas frames preser
in the bitstream.

NOTE 5

or NAL_GIDR_N_LP, does not have associated leading atlas frames present in the bitstream. An IDR atlas fram

having n
frames p

All code

an acceqs unit is also referred to as having a nal_unit_type equal to the nal_unit_type of the coded tile

NAL uni

If an atl

NAL_RASL_N, NAL_RSV_ACL-N12, or NAL_RSV_ACL_N14, the atlas frame is an SLNR atlas fram¢.
Otherwise, the atlas frameds.a’sub-layer reference atlas frame.

If an atl

the range of NAL_GBEA_W_LP to NAL_GBLA_N_LP, inclusive, it specifies a random access associatioh
betweer] the current coded atlas and the corresponding coded video frames at the same composition tim¢.

Each atl
associat

n access decodable leading (RADL) atlas frames present in the bitstreani:

A broken link access (BLA) atlas frame having nal_unit_type équal to NAL_BLA_W_LP or NAI
LP, can have associated RASL or RADL atlas frames present in th&bitstream. A BLA atlas frame havin

n the bitstream, but can have associated RADL atlas frames\in‘the bitstream. A BLA atlas frame havin

~+ 09 »n 09 |

o

An instantaneous decoding refresh (IDR) atlas«frame having nal_unit_type equal to NAL_IDR_N_L

[¢)

hl_unit_type equal to NAL_IDR_W_RADL or NAL_GIDR_W_RADL, does not have associated RASL atlg
resent in the bitstream, but can have associated RADL atlas frames in the bitstream.

[72)

d tile NAL units of an access unit shall have the same value of nal_unit_type. An atlas frame qr

ks of the atlas frame or the access unit.

hs frame has nal_unit_type’equal to NAL_TRAIL_N, NAL_TSA_N, NAL_STSA_N, NAL_RADL_N,

s frame has nalyunit_type equal to NAL_GIDR_W_RADL, NAL_GBLA_N_LP, or NAL_GCRA, or ip

hs frame, other than the first atlas frame in the bitstream in decoding order, is considered to b
ed-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.

ny RASL atlas frame associated with a CRA or BLA atlas frame shall precede any RADL-atlas frame
ssociated with the CRA or BLA atlas frame in output order.

ny RASL atlas frame associated with a CRA atlas frame shall follow, in output order,;any IRAP coded
las frame that precedes the CRA atlas frame in decoding order.

A nal_unit_type equal to NAL_V3C_AUD that is associated with a particular-atlas frame j mefans that
all output V3C component frames, if present in their corresponding sub-bitstreams, and that have the
spme output time order as the atlas frame j, shall have the same decoding order, while accounting for
missing frames in each sub-bitstream, as that of the atlas frame.

NOTE 7  An application can specify that all atlas frames in a V3C seqilence are delimited using a jpal_unit_
ype equal to NAL_V3C_AUD, in which case all V3C sub-bitstreams including sub-bitstreams that corrgspond to
ifferent maps will be aligned in both decoding order and output tinme.

—t

OTE8 If a frame in a sub-bitstream is missing, and a.NAL_V3C_AUD is encountered, it can be |assumed
that this missing frame is virtually present in its sub-bitstream and has the same decoding order asjall other
cprresponding frames in the other sub-bitstreams. This frame can then be generated using such m¢thods as

escribed in Annex B.

hen an ACL NAL unit of an atlas with atlas ID equal to atlasID, with decoding time equal to
ecodingTime, and composition time equal.to compTime, is of nal_unit_type equal to NAL_GBLA_W_LP,
AL_GBLA_W_RADL, NAL_GBLA_N_LP,NAL_GIDR_W_RADL, or NAL_GIDR_N_LP, there is at lpast one
ssociated video frame unit in each video sub-bitstream that has decoding time and compositjon time
qual to decodingTime and compTime, respectively. Such video frame units shall also be codgd using
propriate intra random access point types as specified by their respective video coding specification.
ch intra random access poifit types are outside the scope of this document. These ACL NAL ynits can
e used with their associatedwvideo frame units, after decoding, to reconstruct a volumetric frame with
mposition time equal toy compTime. Assignment of decoding time decodingTime to atlas NAL units
nd to data of a video(sub-bitstream is outside the scope of this document.

=z

OTE9 Decodingtime can be provided by the ISO base media file format for a V3C bitstream defingd in ISO/
EC DIS 23090-10.

—_—

al_layer-id specifies the identifier of the layer to which an ACL NAL unit belongs or the identifier
f a layernto which a non-ACL NAL unit applies. The value of nal_layer_id shall be in the rapge of 0
b 62,\inclusive. The value of 63 may be specified in the future by ISO/IEC. For purposes other than
etermining the amount of data in the decoding units of the bitstream, decoders shall ignore| all data
rat foltow-the-vatue63for ua}_}dym_id ima NALunit,anddecoders—confor uliug toapr ofite apecified
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.

Qo O =

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, TemporallD
shall not be equal to 0.

The valpie of TemporallD shall be the same for all ACL NAL units of an access unit."The value gf
TemporglID of a coded atlas frame or an access unit is the value of the TemporallD ofthe ACL NAL units
of the cdded atlas frame or the access unit. The value of TemporallD of a sub-layerrepresentation is thie
greatestivalue of TemporallD of all ACL NAL units in the sub-layer representatiof.

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

— If nal_unit_type is equal to NAL_ASPS, TemporallD shall be equal to. 0 and the TemporallD of thee
accgss unit containing the NAL unit shall be equal to 0.

— Othgrwise, if nal_unit_type is equal to NAL_EOS or NAL_EQB¢TemporallD shall be equal to 0.

— Othgrwise, if nal_unit_type is equal to NAL_AUD, NAL_V3C_AUD, or NAL_FD, TemporallD shall b
equgl to the TemporallD of the access unit containing-the NAL unit.

- Othgrwise, TemporallD shall be greater than or equal to the TemporallD of the access unit containing
the NAL unit.

NOTE 11| When the NAL unit is a non-ACL NAL unit, the value of TemporallD is equal to the minimum value ¢f
the TempgorallD values of all access units to whiclthe non-ACL NAL unit applies. When nal_unit_type is equal to
S
e

NAL_AFRS, TemporallD can be greater than/oréqual to the TemporallD of the containing access unit, as all atld
frame pafameter sets (AFPSs) can be included’in the beginning of a bitstream, wherein the first coded atlas fram
has TemporallD equal to 0. When nal_unit. type is equal to NAL_PREFIX_NSEI, NAL_PREFIX_ESEI, NAL_SUFFIX_
NSEI, or NAL_SUFFIX_ESEI, TemporadllD*can be greater than or equal to the TemporallD of the containing accegs
unit, as an SEI NAL unit can contain information, e.g., in a buffering period SEI message or an atlas frame timinjg
SEI messgage, that applies to a Witstream subset that includes access units for which the TemporallD values arfe
greater than the TemporallD 6fthe access unit containing the SEI NAL unit.

8.4.5.3 | Order of NALunits and atlas frames and association to coded atlas frames, access units
and coded atlas séquences

8.4.5.3. General

This sulbcla
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 1ncludes parameters that can be referred to by the coded tile NAL units of one or more
3 art of the
peratlon of the decodlng process. At most one AAPS RBSP is con51dered actlve for eacheatlds at any
given moment during the operation of the decoding process, and the activation of any particular AAPS
HBSP for a particular atlas results in the deactivation of the previously active AAPSYRBSH for the
fJarticular atlas.

hen an AAPS RBSP (with a particular value of aaps_atlas_adaptation_parameter_set_id) is npt active
fpr a particular atlas and is referred to by a coded tile NAL unit with nal_layert_id equal to 0|(using a
alue of ath_atlas_adaptation_parameter_set_id equal to the aaps_atlas.adaptation_parametgr_set_id
alue), it is then activated. This AAPS RBSP is called the active AAPS\RBSP until it is deactiyated by
the activation of another AAPS RBSP. Let the variable aapsAtlasID be either set equal to vuh|atlas_id
df the AAPS RBSP or determined through external means if the V3Cainit header is unavailablg. Let the
ariable activatingAtlasID be either set equal to vuh_atlas_id ofthe coded tile NAL unit or determined
through external means if the V3C unit header is unavailable. An AAPS RBSP, with that p4rticular
alue of aaps_atlas_adaptation_parameter_set_id, shall be\available to the decoding process|prior to
its activation, included in at least one coded atlas access.uhit with TemporallD less than or equial to the
lemporallD of the AAPS NAL unit or provided through'external means, aapsAtlasID shall be |equal to
activatingAtlasiD, and the AAPS NAL unit containing the AAPS RBSP shall have nal_layer_id eqpal to 0.

Any AAPS NAL unit containing the value of aaps_atlas_adaptation_parameter_set_id for the active
AAPS RBSP for a coded atlas frame shall havé&’the same content as that of the active AAPS RBSP for the
doded atlas frame, unless it follows the last ACL NAL unit of the coded atlas frame and precedesjthe first
ACL NAL unit of another coded atlas frame.

An AFPS RBSP includes parameters:that can be referred to by the coded tile NAL units of one|or more
doded atlas frames. Each AFPS.RBSP is initially considered not active for any atlas at the staft of the
dperation of the decoding process. At most one AFPS RBSP is considered active for each atlgs at any
iven moment during the ¢peration of the decoding process, and the activation of any particular AFPS
HBSP for a particular atlas results in the deactivation of the previously active AFPS RBSH for the
fJarticular atlas.

&

hen an AFPS_RBSP (with a particular value of afps_atlas_frame_parameter_set_id) is ngt active
fpr a particularatlas and is referred to by a coded tile NAL unit with nal_layer_id equal to |0 (using
a3 value of ath:atlas_frame_parameter_set_id equal to the afps_atlas_frame_parameter_set_i¢l value),
it is then\activated. This AFPS RBSP is called the active AFPS RBSP until it is deactivated by the
dctivation of another AFPS RBSP. Let the variable afpsAtlasID be either set equal to vuh_atjas_id of
the AFPS RBSP or determined through external means if the V3C unit header is unavailable| Let the
ariable activatingAtlaslD be either set equal to vuh_atlas_id of the coded tile NAL unit or detprmined
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 j
deactivdted by the activation of another ASPS RBSP for the particular atlas. Let the variable aspsAtlasl
be either set equal to vuh_atlas_id or determined through external means if the V3C unit header i
unavailgble. Let the variable activatingAtlasID either be set equal to vuh_atlas_id of the coded tile o
determiped through external means if the V3C unit header is unavailable. An ASPS RBSP,‘with th{
particulpr value of asps_atlas_sequence_parameter_set_id, shall be available to the decoding proces
prior to|its activation, included in at least one access unit with TemporallD equal t0.0 or provide
through|external means, aspsAtlasID equal to activatingAtlasID, and the NAL unit containing the ASP|
RBSP shpll have nal_layer_id equal to 0. An activated ASPS RBSP shall remain activie for the entire code
atlas sequence (CAS).

S n += n Un

Any ASHS NAL unit with any aspsAtlasID value and nal_layer_id equal to Q Centaining the value of asps
atlas_sefjuence_parameter_set_id for the active ASPS RBSP for a CAS shall have the same content 4
that of the active ASPS RBSP for the CAS, unless it follows the last aecess unit of the CAS and precede
the first|/ACL NAL unit of another CAS.

v n

All constraints that are expressed on the relationship betweenthe values of the syntax elements and
the values of variables derived from those syntax elements‘in’/AAPSs, ASPSs, AFPSs, and other syntajx
elementp, are expressions of constraints that apply only*to the active AAPS RBSP, the active ASPS
RBSP, anjd the active AFPS RBSP. If any AAPS RBSP, ASPS'RBSP and AFPS RBSP is present that is never
activatef in the bitstream, its syntax elements shall-have values that would conform to the specified

constralnts if it was activated by reference in an otherwise conforming bitstream.

During ¢peration of the decoding process (see €lause 9), the values of parameters of the active AAP|
RBSP, tHe active ASPS RBSP, and the activelAFPS RBSP are considered in effect. For interpretation (
SEI mesgages, the values of the active AAPS RBSP, the active ASPS RBSP, and the active AFPS RBSP fq
the opeijation of the decoding process for the ACL NAL units of the coded atlas frame with nal_layer_i
equal to[0 in the same access unit are;considered in effect unless otherwise specified in the SEI messag]
semantifs.

= = N

8.4.5.3.3 Order of accessinits (AUs) and association to CASs
A bitstr¢am conformingto this document consists of one or more CASs.

A CAS cpnsists of @he or more access units. The order of NAL units and coded atlas frames, and their
associatjon to aeeéss units, are described in subclause 8.4.5.3.4.

The firsf @ccess unit of a CAS is an IRAP coded atlas access unit with NoOutputBeforeRecoveryFlaF
equal to4=

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:

OTE I The Tast ACL NAL unit preceding firstBIAFrmNalUnit in decoding order can have na] layer_id
reater than 0.

-+ access unit delimiter or V3C access unit delimiter NAL unit with nal_layer_id equal to p (when
present),

—+ AAPS NAL unit with nal_layer_id equal to 0 (when present),
-+ ASPS NAL unit with nal_layer_id equal to 0 (when present),
—+ AFPS NAL unit with nal_layer_id equal to 0 (when present),
+ Prefix 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_52 with nal_
layer_id equal to 0 (when present),

-+ NAL units with nal_unit_type in the range of NAL UNSPEC_53..NAL_UNSPEC_63 with nal]layer_id
equal to 0 (when present).

OTE2  The first NAL unit preceding firstBIAFrmNalUnit and succeeding the last ACL NAL unit greceding
rstBIAFrmNalUnit, if any, can only be one of the above-listed NAL units.

- =z

<

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

I

he order of the coded atlas frames and non-ACL NAL units within an access unit shall gbey the
pllowing constraints:

-

-+ When an access unit délimiter or a V3C access unit delimiter NAL unit with nal_layer_id equial to 0 is
present, it shall be thefirst NAL unit. There shall be at most one access unit delimiter or V3C access
unit delimiter NAL nhit with nal_layer_id equal to 0 in any access unit.

1+ When any ASPS'NAL units, AAPS NAL units, AFPS NAL units, prefix SEI NAL units, NAL units with
nal_unit_type in the range of NAL_RSV_NACL_48..NAL_RSV_NACL_50, or NAL units with al_unit_
type intthe range of NAL_UNSPEC_53..NAL_UNSPEC_57 are present, they shall not follow| the last
ACL NAL unit of the access unit.

—+ ANAL units having nal_unit_type equal to NAL_FD, NAL_SUFFIX_NSEI, NAL_SUFFIX_ESEI ¢r in the
range of NAL_RSV_NACL_51..NAL_RSV_NACL_52 or NAL_UNSPEC_58.NAL_UNSPEC_63 ghall not
precede the first ACL NAL unit of the access unit.

— 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 subclause 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
— The

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

8.4.6
8.4.6.1

8.4.6.1.

asps_at
for refer

asps_fri
a sampl
conform
where j

tiles of an atlas frame shallbe in inr‘rnncing orderoftheir nfh_ir] values
Raw byte sequence payloads, trailing bits and byte alignment semantics
Atlas sequence parameter set RBSP semantics

| General atlas sequence parameter set RBSP semantics

as_sequence_parameter_set_id provides an identifier for the atlas seguence parameter sg
ence by other syntax elements.

ime_width indicates the atlas frame width in terms of integernnumber of samples, when
b corresponds to a luma sample of a video component. It is arequirement of V3C bitstrear
ance that the value of asps_frame_width shall be equal te.the value of vps_frame_width][ j
s the ID of the current atlas.

asps_frame_height indicates the atlas frame height in terms of integer number of samples, wher

a sampl
conform
where j

The vari

NOTE 1
to the no

asps_ge
the reco
to 31, in

asps_ge
onto 2D

NOTE 2

geometr)
elementsg
respectiv
geometr)

e corresponds to a luma sample of a video component. It is a requirement of V3C bitstrear
ance that the value of asps_frame_height shall*he equal to the value of vps_frame_height[ j
s the ID of the current atlas.

able AspsFrameSize is set equal to asps_frame_height * asps_frame_width.

During the reconstruction phase the decoded occupancy, geometry and attribute videos are converte
inal format of the current atlas as-specified in Annex B.

ometry_3d_bit_depth_minus1 plus 1 indicates the bit depth of the geometry coordinates (
nstructed volumetric content. asps_geometry_3d_bit_depth_minus1 shall be in the range of
Clusive.

ometry_2d_bit_depth_minus1 plus 1 indicates the bit depth of the geometry when projecte
images. asps_geonietry_2d_bit_depth_minus1 shall be in the range of 0 to 31, inclusive.

For some_applications, such as the application defined in Annex H, the syntax elements asps
y_3d_bit_depth_minus1 and asps_geometry_2d_bit_depth_minusl can differ from their correspondin
in the VRS, gi_geometry_3d_coordinates_bit_depth_minusl and gi_geometry_2d_bit_depth_minus
ely., This can be due to the fact that the elements asps_geometry_3d_bit_depth_minusl and asps
y_ 2d>bit_depth_minus1 potentially represent an intermediate space that can require different precisio|

for codinlg purposes than the target representation space, which the elements gi geometry 3d coordinates bif_

[

> O

|

> O

S =

jom

a9 |

=3

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

66
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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.

i used for inter ;_)red_iction_of any coded a
equal to 1 specifies that long term reference atlas frames may be used for inter prediction g
ore coded atlas frames in the CAS.

f one or

dsps_num_ref_atlas_frame_lists_in_asps specifies the number of the ref list_struct( rlsldx |) syntax
structures included in the atlas sequence parameter set. The value of asps_numpef_atlas_frarpe_lists_
_asps shall be in the range of 0 to 64, inclusive.

OTE3 A decoder allocates memory for a total number of ref_list_struct( xlsldx ) syntax structureq equal to
(fsps_num_ref_atlas_frame_lists_in_asps + 1) since there can be one ref_list\struct( rlsldx ) syntax §tructure
directly signalled in the atlas tile headers of the current atlas tile.

dsps_use_eight_orientations_flag equal to 0 specifies that the patch orientation index for a patch with
ihdex j in a tile with tile ID equal to i, pdu_orientation_index|4 ][ j ], is in the range of 0 to 1, inclusive.
asps_use_eight_orientations_flag equal to 1 specifies thatpdu_orientation_index[ i ][ j ] is in the range
df 0 to 7, inclusive.

dsps_extended_projection_enabled_flag equal tof) specifies that the patch projection information is
ot signalled for the current atlas tile. asps_extended_projection_enabled_flag equal to 1 specifies that
the patch projection information is signalled forithe current atlas tile. When asps_extended_prg¢jection_
abled_flag is not present, its value is infer:¥éd to be equal to 0.

dsps_max_number_projections_minus¥'plus 1 specifies the maximum value that can be indi¢ated for
the patch projection ID syntax element; pdu_projection_id[ i ][ j ], for a patch with index j in a file with
tile ID equal to i. When asps_max niumber_projections_minus1 is not present, its value is inferted to be
dqual to 5.

dsps_normal_axis_limits_quantization_enabled_flag equal to 1 specifies that quantization
Jarameters shall be signalled and used for quantizing the normal axis related elements of a pgtch data
nit, a merge patch_data unit, or an inter patch data unit. If asps_normal_axis_limits_quantization_
abled_flag is equal’to 0, then no quantization is applied on any normal axis related elemgnts of a
Jatch data unit,a merge patch data unit, or an inter patch data unit.

dsps_normaliaxis_max_delta_value_enabled_flag equal to 1 specifies that the maximum [nominal
delta value of the normal axis that may be present in the geometry information of a patch with index i
a frame with index j will be indicated in the bitstream for each patch data unit, a merge pagch data

nit;or an inter patch data unit. If asps_normal_axis_max_delta_value_enabled_flag is equal to 0 then
thegnaximum nominal delta value of the normal axis that may be present in the geometry infdrmation
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_logZ_patch_packing_block_size (19)

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

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,

h h rola oo 3 A3 i i i
t en t l.}cll.\,ll O1ILT \.,luauubauuu lJ(]l dalllITLTTI 5 dIT 11Ul Pl COCIIL,

asps_map_count_minus1 plus 1 indicates the number of maps that may be used for encodingithie
geometily and attribute data for the current atlas. asps_map_count_minus1 shall be in the range of P
to 15, inclusive. It is a requirement of bitstream conformance to this document that asps_map_count]_
minusl |s equal to vps_map_count_minus1[ atlasID ], where atlasID is the atlas ID of the current atlas.

asps_pikel_deinterleaving_enabled_flag equal to 1 indicates that the decoded-’geometry anfd
attributg data may require an additional spatial interpolation process during réconstruction. asps
pixel_dejinterleaving_enabled_flag equal to 0 indicates that the decoded geometfy and attribute data d
not reqyire any additional spatial interpolation process.

Ol

—

asps_map_pixel_deinterleaving_flag[ i | equal to 1 indicates that an additional spatial interpolatio
processneeds to be performed on the associated geometry and attribute data of a projected patch in
map with index i in the current atlas. asps_map_pixel_deinterleaving, flag[ i | equal to 0 indicates th{
no additional spatial interpolation process is performed. Wher)not present, the value of asps_map_
pixel_dejiinterleaving_flag[ i] is inferred to be 0.

-+ D

NOTE 4 | In the context of reconstruction profiles for V-PCC, ariexample usage is specified in subclause H.7.2.3.

asps_raw_patch_enabled_flag equal to 1 indicates that the decoded geometry and attribute videos fqg
the current atlas contain information related to RAW.-coded points. asps_raw_patch_enabled_flag equg
to 0 indjcates that the decoded geometry and attribute videos do not contain information related t|
RAW cofled points.

O — =

asps_eom_patch_enabled_flag equal to~1.indicates that the decoded occupancy video for the currer
atlas coptains information related to whether intermediate depth positions between two depth map
are occupied. asps_eom_patch_enahled_flag equal to 0 indicates that the decoded occupancy video do¢
not contiain information related t6 whether intermediate depth positions between two depth maps ar
occupiedl.

T »n nn ~+

It is a requirement of bitstféeam conformance that if asps_eom_patch_enabled_flag is equal to 1, of_
lossy_occupancy_compression_threshold[ atlasID ] shall be equal to 0.

asps_eam_fix_bit seount_minus1 plus 1 indicates the size in bits of the EOM codeword. asps_eom_fix_
bit_count_minus{ shall be in the range of 0 to Min(15, oi_occupancy_2d_bit_depth_minus1[ atlasID ] - 1),
inclusive, where atlasID is the atlas ID of the current atlas.

asps_auxiliary_video_enabled_flag equal to 1 indicates that information associated with RAW anfd
EOM patch types could be placed in auxiliary video sub-bitstreams. asps_auxiliary_video_enabled_tlag
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_

tension_present_flag and asps_extension_7bits are not present.

sps_vpcc_extension_present_flag equal to 1 specifies that the asps_vpcc_extension( ] syntax
structure is present in the atlas_sequence_parameter_set_rbsp syntax structure. asps,ypcc_exfension_
resent_flag equal to 0 specifies that this syntax structure is not present. When net\present, the value
f asps_vpcc_extension_present_flag is inferred to be equal to 0.

sps_extension_7bits equal to 0 specifies that no asps_extension_data_flag syntax elements are
resent in the ASPS RBSP syntax structure. When present, asps_extension._7bits shall be equadl to 0 in
itstreams conforming to this edition of this document. Values of asps_ extension_7bits not equal to 0
re reserved for future use by ISO/IEC. Decoders shall allow the value.of'asps_extension_7bits o be not
qual to 0 and shall ignore all asps_extension_data_flag syntax elements in an ASPS NAL unit. When not
resent, the value of asps_extension_7bits is inferred to be equatto 0.

- @

<))

sps_extension_data_flag may have any value. Its presence and value do not affect |[decoder
onformance to profiles specified in this edition of this.document. Decoders conforming to thi§ edition
df this document shall ignore all asps_extension_data_flag syntax elements.

Q

0

4.6.1.2 Pointlocal reconstruction informatien semantics

Iri_map_present_flag[ i | equal to 1 indicdates that point local reconstruction mode information is
resent in the bitstream for the map of index i of the current atlas. plri_map_present_flag[ i ] equal to 0
hdicates that no information related to the point local reconstruction mode is present in the bjtstream
br the map of index i of the current atlas.

= e e

Iri_number_of_modes_minus1[i ] plus 1 indicates the number of reconstruction modes spegified for
he point local reconstruction'process associated with the map of index i of the current atlas. The value
f plri_number_of _modes.iminus1[i ] shall be in the range of 0 to 15, inclusive.

(e

o

Iri_interpolate_flag[ i ][ j ] equal to 1 indicates that point interpolation for the map of index i of the
urrent atlas may beused for point local reconstruction mode j. plri_interpolate_flag[ i ][ j ] lequal to
indicates thatnopoint interpolation for the map of index i of the current atlas is used for pdint local
econstructiofinode j.

= o oS

Iri_filling) flag[ i ][ j ] equal to 1 indicates that filling for the map of index i of the current atlay may be
sed forpoint local reconstruction mode j. plri_filling_flag[i ][ j ] equal to 0 indicates that no f]lling for
he map of index i of the current atlas is used for point local reconstruction mode j.

o=

—

pIri_minimum_depth] 1 [[] | 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.

© ISO/IEC 2021 - All rights reserved 69


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

ISO/IEC 23090-5:2021(E)

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_ouftput_flag_present_flag equal to 1 indicates that the ath_atlas_output_flag syntax element is
presentfin the associated tile headers. afps_output_flag_present_flag equal to 0 indicates that the ath_
atlas_output_flag syntax element is not present in the associated tile headers.

afps_num_ref idx_default_active_minus1l plus 1 specifies the inferred value of thé variable
NumReflldxActive for the tile with ath_num_ref_idx_active_override_flag equal to 0. The value of afpd_
num_ref idx_default_active_minus1 shall be in the range of 0 to 14, inclusive.

afps_additional_lt_afoc_lsb_len specifies the value of the variable MaxLtAtlasFrmOrderCntLsb that is
used in the decoding process for reference atlas frame lists as follows:

Max[.tAtlasFrmOrderCntLsb =
2 * (Log2MaxAtlasFrmOrderCntLsb + afps_additienal_lt_afoc_lsb_len) (20)

The value of afps_additional_lt_afoc_lsb_len shall bé“ in the range of 0 tp
32 - Log2MaxAtlasFrmOrderCntLsb, inclusive.

When as$ps_long_term_ref atlas_frames_flag is equal to _0{the value of afps_additional_lt_afoc_lsb_lep
shall be qual to 0.

_mode_enabled_flag equal to 1 indicates that the LOD parameters may be present in a patciﬁ.

afps_raw_3d_offset_bit_count_explicit_mode_flag equal to 1 indicates that the number of bits in
the fixegl-length representation of rpdu3d_offset_u] tileID ][ p ], rpdu_3d_offset_v[ tileID ][ p ], anfd
rpdu_3d_offset_d] tileID ][ p ] for a patch ' with index p in a tile with tile ID equal to tilelD, is explicitly

value offath_raw_3d_offset_axis bit_count_minus1 is implicitly derived.

wn

afps_extension_present flag equal to 1 specifies that the syntax element afps_extension_8bits i
present in the atlas_franie/ parameter_set_rbsp syntax structure. afps_extension_present_flag equal t
0 specifjes that the syntax element afps_extension_8bits is not present. The value of afps_extension_
present]flag shall.be0 in this edition of this document

[=}

afps_extension, 8bits equal to 0 specifies that no afps_extension_data_flag syntax elements arje
present fin.the' AFPS RBSP syntax structure. When present, afps_extension_8bits shall be equal to 0 ip
bitstreams-conforming to this edition of this document. Values of afps extension 8bits not equal to
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_minusl, respectively. afti_uniform_partition_
spacing_flag equal to 0 specifies that the tile partitioning of an atlas uses a method that may fesult in
lumn and row partition boundaries that may or may not be distributed uniformly across the atlas
frame. In this case, these boundaries are signalled using the syntax elements afti_fium_partition_

lumns_minus1 and afti_num_partition_rows_minus1 and a list of syntax element pairs-afti_partition_

lumn_width_minusl[ i | and afti_partition_row_height_minus1[ i ]. When not présent, the [value of
fti_uniform_partition_spacing_flag is inferred to be equal to 1.

fti_partition_cols_width_minus1 plus 1 specifies the width of the tile partition columns ekcluding
the right-most tile partition column of the atlas frame in units of 64 samples when afti_uniform_
artition_spacing_flag is equal to 1. The value of afti_partition_cols_width_minus1 shall be in the range
f 0 to asps_frame_width / 64 - 1, inclusive. When not present, the-value of afti_partition_col$_width_
inusl is inferred to be equal to asps_frame_width / 64 - 1.

fti_partition_rows_height_minus1 plus 1 specifies the height of the tile partition rows ekcluding
the bottom tile partition row of the atlas frame in units9f.64 samples when afti_uniform_partition_
spacing_flag is equal to 1. The value of afti_partition..rows_height_minus1 shall be in the range of 0
tp asps_frame_height / 64 - 1, inclusive. When not‘present, the value of afti_partition_rows _height_
inusl1 is inferred to be equal to asps_frame_height’/ 64 - 1.

fti_num_partition_columns_minus1 plus 1sspecifies the number of tile partition columns|used to
artition the atlas frame when afti_uniformZpartition_spacing_flag is equal to 0. The valug of afti_
um_partition_columns_minus1 shall be-in"the range of 0 to asps_frame_width / 64 - 1, inclusive. If
fti_single_tile_in_atlas_frame_flag is equal to 1, the value of afti_num_partition_columns_nlinus1 is
ipferred to be equal to 0. Otherwise{when afti_uniform_partition_spacing_flag is equal to 1, the value
f afti_num_partition_columns_miinusl1 is inferred as specified in subclause 7.5.

fti_num_partition_rows_minus1 plus 1 specifies the number of tile partition rows used to partition
the atlas frame when afti_uniform_partition_spacing_flagis equal to 0. The value of afti_num_partition_
ws_minus1 shall be in\the range of 0 to asps_frame_height / 64 - 1, inclusive. If afti_singlg_tile_in_
las_frame_flag is gqual to 1, the value of afti_num_partition_rows_minusl is inferred to be |equal to
. Otherwise, whemafti_uniform_partition_spacing_flag is equal to 1, the value of afti_num_partition_
ws_minusl iginferred as specified in subclause 7.5.

he variable’NumPartitionsInAtlasFrame is set equal to NumPartitionColumns * NumPartitipnRows,
here NumPartitionColumns and NumPartitionRows are derived in subclause 7.5.

hen ‘afti_single_tile_in_atlas_frame_flag is equal to 0, NumPartitionsInAtlasFrame ghall be
reater than 1.

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
NumPartltlonsInAtlasFrame - 1 1nclu51ve When not present the value of aftl _top_left partltlon
idx[i]1i s X
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tile part tion located at the bot_tom-righ_t corner of the i-th tile and the column position of the tilepartitiop
with partition index equal to afti_top_left_partition_idx[ i ]. When afti_single_partition_peérntile_flag is
equal to1, the value of afti_bottom_right_partition_column_offset[ i ] is inferred to be equal to 0.

afti_bottom_right_partition_row_offset[ i | specifies the offset between the row pdsition of the tile
partition located at the bottom-right corner of the i-th tile and the row position aefthe tile partition with
partitiof index equal to afti_top_left_partition_idx[ i ]. When afti_single_partition_per_tile_flag is equal
to 1, the|value of afti_bottom_right_partition_row_offset[ i ] is inferred to be‘equal to 0.

The varjables topLeftColumn[ i ], topLeftRow] i |, bottomRightColumn} ], and bottomRightRow] i |
which specify the corresponding tile column and row positions for the top left and bottom right tiles i
a tile ar¢ computed as follows:

<

.'3

topgLeftColumn| i ] = afti_top_left_partition_idx[ i ] % NumPartitionColumns

topgLeftRow[ i | = afti_top_left_partition_idx[ i ] / NumPartitionColumns
boftomRightColumn| i ] = topLeftColumn|[ i ] + aftixbottom_right_partition_column_offset[ i |
bottomRightRow[ i ] = topLeftRow][ i | + afti_bottom_right_partition_row_offset[ i ]

o

It is a [requirement of bitstream conformance-~that the values of bottomRightColumn|[ i ] an
bottomRightRow][ i ] shall be smaller or equal to/( asps_frame_width + 63 ) / 64 - 1 and (asps_framg_
height +|63 ) / 64 - 1, respectively.

=

It is alsq a requirement of bitstream confermance that there shall not be a value of j, where j != i, tha
satisfieq either one of these propertiés:;

— toplleftColumn| i ] <= topLeftColumn]| j | <= bottomRightColumn[ i ]
— toplleftRow][ i ] <= topleftRow[ j | <= bottomRightRow][ i ]

The varjables TileOffsetX[ i ], TileOffsetY[ i ], TileWidth[ i ], and TileHeight[ i ], which specify t
horizontal position, ¢ertical position, width, and height of a tile respectively, are then computed, usin
the lists|PartitionWidth[ i ] and PartitionHeight][ j ] that are computed as specified in subclause 7.5, as
follows:

TileOffsetX][ i ] = PartitionPosX] topLeftColumn[i] ]

TileOffsetY[i] = ParhtmnanY[ topLeftColumn[i]]

TileWidth[i] =

TileHeight[i] =

for(j= topLeftColumn[ ]; 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.
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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

€ vertical position, AUXT1IeUIIset[ 1] of each auxiliary sub-region associated wi € 1-th tile of the
las is computed as:

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

he nominal width, AuxVideoWidthNF, and height, AuxVideoHeightNF, ofqall auxiliary video sub-
itstreams associated with an atlas shall be computed as:

joull—|

AuxVideoWidthNF = ( afti_auxiliary_video_tile_row_width_minus{\+1 ) * 64

N
AuxVideoHeightNF = ZAuxTileHeight [n]
n=0

<

Phere N is equal to afti_num_tiles_in_atlas_frame_minus

<))

fti_signalled_tile_id_flag equal to 1 specifies that the tile ID for each tile is signalled. afti_signalled_
le_id_flag equal to 0 specifies that tile IDs are notsignalled.

—

fti_signalled_tile_id_length_minus1 plus 1:specifies the number of bits used to represent the syntax
lement afti_tile_id[ i ] when present, and the’syntax element ath_id in a tile header. The valu¢ of afti_
ignalled_tile_id_length_minus1 shall bedn the range of 0 to 15, inclusive. When not present, the value
f afti_signalled_tile_id_length_minusi is inferred to be equal to Ceil( Log2( afti_num_tiles_n_atlas_
Ffame_minusl +1)) - 1.

O W O

<]

fti_tile_id[ i ] specifies the tile.ID of the i-th tile. The length of the afti_tile_id[ i ] syntax element is
afti_signalled_tile_id_lengthSminus1 + 1 bits. When not present, the value of afti_tile_id[ i | is [inferred
tp be equal to i, for each-i‘in the range of 0 to afti_num_tiles_in_atlas_frame_minus1, inclusive. It is a
requirement of bitstreamr’conformance that afti_tile_id[ i ] shall not be equal to afti_tile_id[ j| ] for all
I=j. The length of theafti_tile_id[ i ] syntax element is afti_signalled_tile_id_length_minus1 + ] bits.

—

The variable 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_ exten51on 7bits to be not
equal to_0Q and
not present, the value of aaps extensmn 7b1ts is 1nferred to be equal to 0.

aaps_extension_data_flag may have any value. Its presence and value do not affect decods
confornance to profiles specified in this edition of this document. Decoders conforming to this‘editio
of this dpcument shall ignore all aaps_extension_data_flag syntax elements.

=

8.4.6.4 | Supplemental enhancement information RBSP semantics

Supplenjental enhancement information (SEI) contains information that is notnecessary to decode the
coded atlas frames and their associated information from ACL NAL units. AmrSEI RBSP contains one dr
more SE[l messages.

8.4.6.5 | Access unit delimiter RBSP semantics

The acc¢ss unit delimiter may be used to indicate the type of tiles present in the coded atlas frame
in the afcess unit containing the access unit delimiter or V3C access unit delimiter NAL unit and t
simplify|the detection of the boundary between access units:There is no mandatory decoding proces
associated with the access unit delimiter or V3C access unit'delimiter.

n O wn

aframe]type indicates that the ath_type values for@all tiles of the coded atlas frame in the access un
containing the access unit delimiter or V3C access-unit delimiter NAL unit are members of the set liste
in Table|5 for the given value of aframe_type.~The value of aframe_type shall be equal to 0, 1, 2, or
in bitstrleams conforming to this edition of‘this document. Other values of aframe_type are reserve
for future use by ISO/IEC. Decoders conforming to this edition of this document shall ignore reserve
values of aframe_type.

W~

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 cpnr‘ifinﬂ fora filler data RBSP

ff byte is a byte equal to 0xFF.

8.4.6.9 Atlas tile layer RBSP semantics

None.

§.4.6.10 RBSP trailing bit semantics

1=t

bsp_stop_one_bit shall be equal to 1.

=

bsp_alignment_zero_bit shall be equal to 0.

§.4.6.11 Atlas tile header semantics

When present, the value of the atlas tile header syntak elements ath_atlas_frame_parameter_set_id,
ath_atlas_adaptation_parameter_set_id, ath_atlas_output_flag, ath_no_output_of prior_atlas|frames_
flag, and ath_atlas_frm_order_cnt_Isb, shall be the;same in all atlas tile headers of a coded atlas|frame.

dth_no_output_of prior_atlas_frames_flag-affects the output of previously-decoded atlas frames in
the DAB after the decoding of an atlas in a.€AS AU that is not the first AU in the bitstream as dpecified
ih Annex E. When ath_no_output_of_pri6p_atlas_frames_flag is not present, its value is inferred to be
gqual to 0.

It is a requirement of bitstream conformance that the value of ath_no_output_of prior_atlas|frames_
flag shall be the same for all atlas frames in an AU.

—

he value of ath_no_output.of_prior_atlas_frames_flag in the atlas tile headers is also referred fo as the
utput_of_prior_atlas_frames_flag value of the AU.

(@)

th_atlas_frame_parameter_set_id specifies the value of afps_atlas_frame_parameter_set_id for the
ctive atlas frame-parameter set for the current atlas tile.

th_atlas_adaptation_parameter_set_id specifies the value of aaps_atlas_adaptation_parame¢ter_set_
id for the.active atlas adaptation parameter set for the current atlas tile. It is a requirement of bjtstream
nformance that all tiles of an atlas frame shall have the same ath_atlas_adaptation_parameter_set_id.

thCid 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
range 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

same 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 ofath tfype
0 P_TILE (Inter atlas tile)
1 [_TILE (Intra atlas tile)
2 SKIP_TILE (SKIP atlas tile)
3-.. RESERVED

ath_atlgs_output_flag affects the decoded atlas output and removal processes as specified in Annex K.
When atlh_atlas_output_flag is not present, it is inferred to be equal to 1.

ath_atl3gs_frm_order_cnt_Isb specifies the atlas frame order count modulo MaxAtlasFrmOrderCntLsp
for the furrent atlas tile. The length of the ath_atlas_frm_order_cnt_lsb syntax element is equal
Log2MakAtlasFrmOrderCntLsb bits. The value of ath_atlas_frm_order_cnt:Isb shall be in the range of
to MaxAtlasFrmOrderCntLsb - 1, inclusive.

[=e]

ath_ref]atlas_frame_list_asps_flag equal to 1 specifies that the’ reference atlas frame list of t
current ptlas tile is derived based on one of the ref_list_structfurlsldx ) syntax structures in the acti
ASPS. ath_ref_atlas_frame_list_asps_flag equal to 0 specifies\that the reference atlas frame list of t
current fatlas tile list is derived based on the ref_list_struet( rlsldx ) syntax structure that is direct]
included in the tile header of the current atlas tile. When asps_num_ref_atlas_frame_lists_in_asps is
equal to|0, the value of ath_ref_atlas_frame_list_asps_flag is inferred to be equal to 0.

ath_ref|atlas_frame_list_idx specifies the index, into the list of the ref list_struct( rlsldx ) synta
structuies included in the active ASPS, of the ref_list_struct( rlsldx ) syntax structure that is used fq
derivatipn of the reference atlas frame list for the current atlas tile. The syntax element ath_ref atlag_
frame_list_idx is represented by Ceil( Lag2( asps_num_ref_atlas_frame_lists_in_asps ) ) bits. When ng
present,|the value of ath_ref_atlas_frame_list_idx is inferred to be equal to 0. The value of ath_ref_atlaq_
frame_list_idx shall be in the range©f\0 to asps_num_ref_atlas_frame_lists_in_asps - 1, inclusive. Whe
ath_ref ptlas_frame_list_asps_flag-is equal to 1 and asps_num_ref_atlas_frame_lists_in_aspsis equal t
1, the vallue of ath_ref_atlas_frame_list_idx is inferred to be equal to 0.

= X

=

o=

The variable Rlsldx for thé.current atlas tile is derived as follows:

Rlsl@ix = ath_ref atlas_frame_list_asps_flag ?
ath_ref_atlas frame_list_idx : asps_num_ref atlas_frame_lists_in_asps (21

v

ath_additienal_afoc_lsb_present_flag[ j | equal to 1 specifies that ath_additional_afoc_lsb_val[ j ] i
present férthe current atlas tile. ath_additional_afoc_lsb_present_flag[ j ] equal to 0 specifies that ath_
additional_afoc_IsSb_val[ j | 1S 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_lsb_It[ Rlsldx ][ j ] (22)

The syntax element ath_additional_afoc_lsb_val[ j ] is represented by afps_additional_lt_afoc_lsb_len
bits. When not 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_minus1| tileID ][ p |, mpdu_2d_delta_size_x[ tilelD ]
[Ip 1, ipdu_2d_delta_size_x[ tileID ][ p ], rpdu_2d_size_x_minusl][ tileID ][ p ], and epdu_2d_size_x_
minusl| tileID ][ p ] of a patch with index p in a tile with tile ID equal to tilelD. If ath_patch/sizd_x_info_
duantizer is not present, its value shall be inferred to be equal to asps_log2_patch_packing_blgck_size.
The value of PatchSizeXQuantizer is computed as follows:

PatchSizeXQuantizer = 1 << ath_patch_size_x_info_quantizer (23)

—

he value of ath_patch_size_x_info_quantizer shall be in the range of 0, to jasps_log2_patch_packing_
Hlock_size, inclusive.

ath_patch_size_y_info_quantizer specifies the value of the quantizer PatchSizeYQuantizer that is to
e applied to the syntax elements pdu_2d_size_y_minus]] tileID<][*p ], mpdu_2d_delta_size_y]| tilelD ]
p 1, ipdu_2d_delta_size_y[ tileID ][ p ], rpdu_2d_size_y_minusl] tileID ][ p ], and epdu_2d_size_y_
hinus1| tileID ][ p ] of a patch with index p in a tile with tile' 1D equal to tileID. If ath_patch_sizé_y_info_
uantizer is not present, its value shall be inferred to be ®qual to asps_log2_patch_packing_blgck_size.
he value of PatchSizeYQuantizer is computed as follows:

1.0 = — -

PatchSizeYQuantizer = 1 << ath_patch_size_y.intfo_quantizer (24)

|

he value of ath_patch_size_y_info_quantizer’shall be in the range of 0 to asps_log2_patch_packing_
Hlock_size, inclusive.

th_raw_3d_offset_axis_bit_count minus1 plus 1 specifies the number of bits in the fixed-length
presentation of the syntax elements rpdu_3d_offset_u[ tileID ][ p ], rpdu_3d_offset_v[ tileID ]| p ], and
du_3d_offset_d[ tileID ][ p ] of apatch with index p in a tile with tile ID equal to tileID. When|present,
the length of the syntax element used to represent ath_raw_3d_offset_axis_bit_count_minus1|is equal
tp Floor( Log2( asps_geometry_3d_bit_depth_minusl +1)).

hen ath_raw_3d_offset: axis_bit_count_minus1 is not present, its value shall be inferred to be equal
t
ax( 0, asps_geometry_3d_bit_depth_minus1 - asps_geometry_2d_bit_depth_minus1 ) - 1.

A variable RawShift is defined as follows:

If afps_raw_3d_offset_bit_count_explicit_mode_flag is equal to 1,

RawShift =
+ 24 L+ J £l H 1 +1a 24 ££ i H Lt 4 H 1 25
dSPS_gCoONMICTT y _SU_DIT_UCPUT_TITHTUS T dtir_Taw_ot_OTrSsCt_axrs_oIc_Counc_rnasT ( )
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( afh_type == P_TILE [[ ath_type == SKIP_TILE J{
if(ath_num_ref_idx_active_override_flag==1)
NumRefldxActive = ath_num_ref idx_active_minus1 + 1 27
else {
if( num_ref_entries[ RIsldx | >= afps_num_ref_idx_default_active_minusl1")
NumRefldxActive = afps_num_ref_idx_default_active_minus1 + 1
else
NumRefldxActive = num_ref_entries[ Rlsldx ]

else
NumRefldxActive = 0

NumReffldxActive minus 1 specifies the maximum value of the atlasreference frame index that may b,
used to flecode the current atlas tile.

D

8.4.6.12 Reference list structure semantics

num_ref_entries|[ rlsldx | specifies the number ofientries in the ref list_struct( rlsldx ) syntax
structuile, where rlsldx is the index of an atlas frame reference list. For P.TILE and SKIP_TILE, thie
value off num_ref_entries| rlsldx ] shall be in the tange of 1 to asps_max_dec_atlas_frame_buffering_
minus1 # 1. Otherwise, the value of num_ref_entries| rlsldx ] shall be in the range of 0 to asps_max_ded_
atlas_frame_buffering_minus1 + 1.

st_ref_atlas_frame_flag|[ risldx ][ i ] equal to 1 specifies that the i-th entry in the ref_list_struct( risldx
syntax dtructure is a short term reference atlas frame entry. st_ref_atlas_frame_flag|[ rlsldx ][ i ] equ
to 0 spefifies that the i-th entry in the ref_list_struct( rlsldx ) syntax structure is a long term referendg
atlas frgme entry. When not presént, the value of st_ref_atlas_frame_flag[ rlsldx ][ i ] is inferred to b
equal to|1.

D D =\

The varjable NumLtrAtlasFrmEntries][ rlsldx ] is derived as follows:

NunjLtrAtlasFrmEntries[ rlsldx ] =0

for(| = 0; i <hum_ref_entries| rlsldx ]; i++)

if( !st_ref_atlas_frame_flag[ risldx ][i]) (29)
NumLtrAtlasFrmEntries| rlsldx ]++

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 ][i] - 1) * abs_delta_afoc_st[ rlsldx ][ i ] (29)
else

DeltaAfocSt[ rlsldx][i]=0

<]

foc_lsb_lt[rIsldx][i]specifiesthevalue oftheatlasframeorder countmodulo MaxAtlasFrmOrd€grCntLsb
df the atlas frame referred to by the i-th entry in the ref_list_struct( rlsldx ) syatax structpire. The
ength of the afoc_lsb_It[ rlsldx ][ i ] syntax element is Log2MaxAtlasFrmOrderCntLsb bits.

[a—

§.4.7 Atlas tile data unit semantics

§.4.7.1 General atlas tile data unit semantics

tdu_patch_mode] tileID ][ p ] indicates the patch mode for the patch with index p in the currgnt atlas
tile with tile ID equal to tileID. The permitted values for atdu. patch_mode][ tileID ][ p ] are sp€cified in
able 7 for atlas tiles with ath_type equal to I_TILE, Table 8 for.atlas tiles with ath_type equal t¢ P_TILE,
nd Table 9 for atlas tiles with ath_type equal to SKIP_TIIsE. When not present, the value of atdfi_patch_
hode| tileID ][ p ] is inferred to be equal to P_SKIP. Modes indicated as reserved shall not be pfesent in
itstreams conforming to this edition of this document:

o 0

=z

OTE A tile with ath_type equal to SKIP_TILE implies that the entire tile information is copied direftly from
he tile with the same id as that of the current tile' that corresponds to the first reference atlas frame in the
RefAtlasFrmList.

—t

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 [_LEND 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
t PMERGE—TPatchMergemode
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

Identifier Description

PROJECTED |patch with patch mode equal to I_INTRA, P_.INTRA, P_INTER, P.MERGE, or P_SKIP that

1S assocClated with projected Iinrormation onto a ZD 1mmage

EOM patch with patch mode equal to I_EOM, P_EOM, or P_SKIP associated with EOM coded point$

RAW patch with patch mode equal to I_RAW, P_RAW, or P_SKIP associated with RAW
coded points

8.4.7.2

None

8.4.7.3

pdu_2d
box for
PatchPa

pdu_2d
box for
PatchPa

pdu_2d
p in the

pdu_2d
p in the

pdu_3d
with ind
pdu_3d |
The nun
minusl

pdu_3d
with ind
pdu_3d ]
The nun
minusl

Patch information data semantics

Patch data unit semantics

| pos_x[ tileID ][ p ] specifies the x-coordinate of the top-left-corner of the patch boundinig
patch p in the current atlas tile, with tile ID equal to tileID, expressed as a multiple qf
ckingBlockSize.

| pos_y| tileID ][ p ] specifies the y-coordinate of the top-left corner of the patch boundinjg
patch p in the current atlas tile, with tile ID equal to tileID, expressed as a multiple qf
ckingBlockSize.

| size_x_minus1[ tileID ][ p ] plus 1 specifies-the quantized width value of the patch with indefx
current atlas tile, with tile ID equal to tilelD:

| size_y_minus1[ tileID ][ p ] plus 1 specifies the quantized height value of the patch with indejx
current atlas tile, with tile ID equal to'tilelD.

| offset_u| tileID ][ p ] specifiesthe shift to be applied to the reconstructed patch points in patc
ex p of the current atlas tiley with tile ID equal to tilelD, along the tangent axis. The value ¢
offset_u][ tileID ][ p ] shall'\beé in the range of 0 to 2asps_geometry_3d_bit_depth_minusl+1 _ 1 jnclusive.
nber of bits used to represent pdu_3d_offset_u] tileID ][ p ] is asps_geometry_3d_bit_depth_
- 1.

—_ =

-

| offset_v|[ tilelD\Jp | specifies the shift to be applied to the reconstructed patch points in patc
ex p of the cukrent atlas tile, with tile ID equal to tileID, along the bi-tangent axis. The value g
offset_v[4iléID ][ p ] shall be in the range of 0 to 2asps_geometry_3d_bit_depth_minusl+1 _ 1 jnclusive.
hber of hits used to represent pdu_3d_offset_v[ tileID ][ p ] is asps_geometry_3d_bit_depth_
- 1.

=

pdu_3d

offset_d[ tileID ][ p ] specifies the shift to be applied to the reconstructed patch pointls

in patch with index p of the current atlas tile, with tile ID equal to tileID, along the normal axis,
Pdu3dOffsetD] 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).

80
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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[ tilelD [[p ] = range — 1 (32)

Ifet the variable rangeDBitDepth be computed as follows:

rangeDBitDepth =
Min( asps_geometry_2d_bit_depth_minus1, asps_geometry_3d_bit_depth_minusl ) 41

p—

F pdu_3d_range_d] tileID ][ p ] is not present the value of Pdu3dRangeD] tileID ][ p ] is assumled to be
qual to 2rangeDBitDepth _ 1 When present, the value of Pdu3dRangeD[ tilel)’][ p ] shall be in the|range of
to 2rangeDBitDepth _ 1 inclusive.

o @

he number of bits used to represent pdu_3d_range_d] tileID ][ $.] is equal to ( rangeDBitDepth - ath_
os_delta_max_d_quantizer ).

b the projection plane for the patch with index p of the gurrent atlas tile, with tile ID equal to tileID. The
alue of pdu_projection_id] tileID ][ p ] shall be in range of 0 to asps_max_number_projections|minusl,

T

¢

pdu_projection_id[ tileID ][ p ] specifies the values of the projection mode and of the index of th¢ normal
t

V

inclusive.

The number of bits used to represent pdu_prejection_id|[ tileID ][ p ] is Ceil( Log2( asps_max_humber_
grojections_minus1 + 1) ).
¢
0

du_orientation_index] tileID ][ p ] specifies the patch orientation index, for the patch withl index p
f the current atlas tile, with tile ID_gqual to tileID, used to determine the transformation matfices, R,
and Ry, as indicated in Table 11, that are to be used to transform atlas coordinates of a patch to a local
fdatch coordinate system denated by coordinates (u, v ), before conversion to 3D space coordinates. The
rnumber of bits used to représent pdu_orientation_index[ tileID ][ p ] is ( asps_use_eight_orierjtations_
flag?3:1).

du_lod_enabled_flag] tileID ][ p ] equal to 1 specifies that the LOD parameters are presenft for the
urrent patch p of-the’current atlas tile, with tile ID equal to tileID. If pdu_lod_enabled_flag] tileID ][ p ]
5 equal to 0, nobOD parameters are present for the current patch. If pdu_lod_enabled_flag] tileID ][ p ]
b not present,/its value shall be inferred to be equal to 0.

— e N

du_lod:scale_x_minus1][ tileID ][ p ] specifies the LOD scaling factor to be applied to the local
-coordinate of a point in a patch with index p of the current atlas tile, with tile ID equal to tileIDj prior to
s,dddition to the patch coordinate TilePatch3dOffsetU] tileID ][ p ]. If pdu_lod_scale_x_minus1] tileID ]
p Hs not present, its value shall be inferred to be equal ta 0

[ Bt e o |

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.

patch bqunding box of patch with index p in the current atlas tile, with tile ID equal to tileID, and of t
x-coordinate of the top-left corner of the patch bounding box of the patch with index RefPatchldx\in t
atlas til¢ with the same ID as the current tile in the atlas frame that is associated with thereferen
refldx, ¢xpressed as a multiple of PatchPackingBlockSize. When mpdu_2d_pos_x] tileIDC}{ p ] is nat
present)it is inferred to be equal to 0.

mpdu_a:_pos_x[ tilelD [| p | specifies the ditference of the X-coordinate of the top-left corner of t

mpdu_2d_pos_y| tileID ][ p ] specifies the difference of the y-coordinate of the top:left corner of t
patch bqunding box of patch with index p in the current atlas tile, with tile ID equal'to tileID, and of t
y-coordinate of the top-left corner of the patch bounding box of the patch with'index RefPatchldx in t
atlas til¢ with the same ID as the current tile in the atlas frame that is agseciated with the referende
refldx, ¢xpressed as a multiple of PatchPackingBlockSize. When mpdu 2d’ pos_x][ tileID ][ p ] is ng
present)it is inferred to be equal to 0.

—

mpdu_2d_delta_size_x] tilelD ][ p ] specifies the difference of the‘width values of the patch with inde
p in the |current atlas tile, with tile ID equal to tileID, and the patéh with index RefPatchldx in the atla
tile with the same ID as the current tile in the atlas frame thatis associated with the reference refldj
When mpdu_2d_delta_size_x[ tileID ][ p ] is not present, it is,inferred to be equal to 0.

T X

mpdu_2d_delta_size_y][ tileID ][ p ] specifies the difference of the height values of the patch with inde
p in the [current atlas tile, with tile ID equal to tilelDyand the patch with index RefPatchldx in the atla
tile with the same ID as the current tile in the atlas frame that corresponds to the reference refld;
When mpdu_2d_delta_size_y[ tileID ][ p ] is notpresent, it is inferred to be equal to 0.

X

[

mpdu_dverride_3d_params_flag| tileID\}{-p ] specifies whether the 3D parameters for the currer
patch of the current atlas tile, with tile 'lD equal to tilelD, are present in the bitstream. When mpdu_
overridg_3d_params_flag| tileID ][ p.JNs'not present, it is inferred to be equal to 0.

mpdu_3d_offset_u[ tileID ][ p | Specifies the difference between the shift to be applied to thee
reconstfucted patch points along the tangent axis of the patch with index p in the current atlas tile, with
tile ID eqqual to tileID, and.6fthe shift to be applied to the reconstructed patch points along the tanger
axis of the patch with index RefPatchldx in the atlas tile with the same ID as the current tile in the atla
frame that corresponds.to the reference refldx. The value of mpdu_3d_offset_u[ tileID ][ p ] shall be i
the rangde of ( —pasps.geometry_3d_bit_depth_minus1+1 4 1 )to ( 2asps_geometry_3d_bit_depth_minus1+1 _ 1 ), inclusivg
When mpdu_3d.offset_u] tileID ][ p ] is not present, it is inferred to be equal to 0.

e U e+

mpdu_3d_effset_v[ tileID ][ p ] specifies the difference between the shift to be applied to thee
reconstiueted patch points along the bi-tangent axis of the patch with index p in the current atlas tilg,
with tile TD equal to tilelD, 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 ( —pasps_geometry_3d_bit_depth_minus1+1 4 1 ) to ( 2asps_geometry_3d_bit_depth_minus1+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.

lpdu_gd_x ausc_d[ tl}CID ][ P ], 1f Pt cacut, b})\:\,iﬁca t}lC dlffc1 CITCe luctvvccu t}lC uUluiua} Maximum
alue of the shift expected to be present in the reconstructed bit depth patch geometry samples, after
onversion to their nominal representation, in the patch with index p of the current atlas tile, with tile
D equal to tilelD, along the normal axis and of the nominal maximum value of the shift explected to
e present in the reconstructed bit depth patch geometry samples, after conversien to their [nominal
epresentation of the patch with index RefPatchldx in the atlas tile with the sameID as the cugrent tile
n the atlas frame that corresponds to refldx, Mpdu3dRangeD] tileID ][ p ], as follews:

R o—a <

Mpdu3dRangeD] tileID ][ p ] = (mpdu_3d_range_d[ tileID [[p]==0) ?
0 : (mpdu_3d_range_d| tileID ][ p ] << ath_pos_delta_max_d.quantizer) - 1 (34)

F mpdu_3d_range_d] tileID ][ p ] is not present the value of Mpdu3dRangeD] tileID ][ p ] is assumed to
e equal to 0.

5 —

hpdu_override_plr_flag] tileID ][ p ] specifies whether the\point local reconstruction parameters may
e overwritten by new parameters that are present in.the bitstream for the patch with index|p of the
urrent atlas tile, with tile ID equal to tilelD.

([elloull-

§.4.7.6 Inter patch data unit semantics

pdu_ref_index| tileID ][ p | specifies the atlasreference frame index, refldx, for the current patch with
hdex p of the current atlas tile, with tile ID equal to tileID. The value of ipdu_ref_index| tileID ][|p ] shall
e in the range of 0 to NumRefldxActiye= 1, inclusive. When ipdu_ref_index] tileID ][ p ] is not|present,
is inferred to be equal to 0.

— e n

=0

pdu_patch_index| tileID ][ p.]'specifies the index, RefPatchldx, of the patch with index p in the atlas
le, with tile ID equal to tilelD, with the same ID as the current tile address in the atlas frgme that
orresponds to index refldxin the current reference atlas frame list.

o ct

pdu_2d_pos_x| tileID_|[ p ] specifies the difference of the x-coordinate of the top-left corng¢r of the
atch bounding hex.of the patch with index p in the current atlas tile, with tile ID equal to tileID, and of
he x-coordinateof'the top-left corner of the patch bounding box of the patch with index RefPatchldx in
he atlas tile with the same ID as the current tile in the atlas frame that is associated with the rgference
efldx, expressed as a multiple of PatchPackingBlockSize.

e e i i o B0

=

pdu_2d: pos_y| tileID ][ p ] specifies the difference of the y-coordinate of the top-left corn¢r of the
fdatchbounding box of the patch with index p in the current atlas tile, with tile ID equal to tileID, and of
the y-(‘nnrdinn‘rp of the fnp-]pff carner of the pn‘rr‘h hmmding hox of the pq‘rr‘h with index RefPatichldx 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[ t11eID ][ p ] spec1f1es the dlfference between the shlft to be apphed to the

in the alas frame that corresponds to refldx. The value of ipdu_3d_offset_v[ tileID ][ p ] shall bé&/in t
range of ( —Dasps_geometry_3d_bit_depth_minus1+l 4 1 ) to ( 2asps_geometry_3d_bit_depth_minusl+1 _ 1 ), inclusive.

ipdu_3d_offset_d[ tileID ][ p ] specifies the difference between the shift to be (applied to the
reconstiucted patch points along the normal axis of the patch with index p in the current atlas tile, with
tile ID efqual to tilelD, and of the shift to be applied to the reconstructed patch points‘along the normal
axis of the patch with index RefPatchldx in the atlas tile with the same ID as the‘eurrent tile in the atlds
frame that corresponds to refldx, [pdu3dOffsetD] tileID ][ p ], as follows:

Ipdy3dOffsetD] tileID J[ p ] = ipdu_3d_offset_d[ tileID ][ p ] << ath_pas_ iiin_d_quantizer (39)

The valye of ipdu_3d_offset_d[ tileID ][ p ] shall be in the range of (,-23sps-geometry_3d_bit_depth_minus1+1 4 1)
to ( 2asp _geometry_3d_bit_depth_minus1+1 _ 1 )’ inclusive.

ipdu_3d_range_d[ tileID ][ p ], if present, specifies the difference between the nominal maximut
value offthe shift expected to be present in the reconstrueted bit depth patch geometry samples, aftqr
conversjon to their nominal representation, in the pateh*with index p of the current atlas, with tile ID
equal tq| tilelD, tile along the normal axis and of theZnominal maximum value of the shift expected tp
be presgnted in the reconstructed bit depth patch-geometry samples, after conversion to their nomingl
represemtation of the patch with index RefPatchldx in the atlas tile with the same ID as the current tile
in the atllas frame that corresponds to refldx; Ipdu3dRangeD] tileID ][ p ], as follows:

Ipdu3dRangeD] tileID ][ p ] = (ipdu_3d_range_d[ tileID ][ p] ==0)?
0: (ipdu_3d_range_d][ tilelD ][ p ] << ath_pos_delta_max_d_quantizer ) - 1 (39)

If ipdu_3d_range_d][ tileID ][ p] is'not present, the value of Ipdu3dRangeD] tileID ][ p ] is assumed to be
equal to0.

8.4.7.7 | RAW patch-data unit semantics

rpdu_patch_in_auxiliary_video_flag| tileID ][ p | specifies whether the geometry and attribute da]
associatpd with-the RAW coded patch with index p in the current atlas tile, with tile ID equal to tilelll
are encqded in an auxiliary video sub-bitstream. If rpdu_patch_in_auxiliary video_flag][ tileID ][ p ] i
equal to[0ythe geometry and attribute data associated with the RAW coded patch p in the current atla
tile are encoded In the corresponding I°t 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.

-~ D

S
S

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 patch points
in the patch with index p of the current atlas tile, with tile ID equal to tileID, along the tangent axis. The
number of bits used to represent rpdu_3d_offset_u] tileID ][ p ] is ( ath_raw_3d_offset_axis_bit_count_
minusl + 1).

du_3d_offset_v] tileID ][ p | specifies the shift to be applied to the reconstructed RAW patdgh points
the patch with index p of the current atlas tile, with tile ID equal to tileID, along the bi~tangent axis.
he number of bits used to represent rpdu_3d_offset_v[ tileID ][ p ] is ( ath_raw_3d-offset_axis_bit_
unt_minusl + 1).

du_3d_offset_d] tileID ][ p ] specifies the shift to be applied to the reconstructed RAW patdh points
ih the patch with index p of the current atlas tile, with tile ID equal to tileID, along the normal axis. The
umber of bits used to represent rpdu_3d_offset_d[ tileID ][ p ] is ( ath_raw/ 3d_offset_axis_bif_count_
inusl +1).

du_points_minus1] tileID ][ p ] plus 1 specifies the number 0f RAW points present in the RAW
ded patch with index p in the current atlas tile, with tile ID equal to tileID. The value of rpdul_points_
inus1] tileID ][ p ] shall be in the range of 0 to ( ( rpdu_2d_size_x_minus1] tileID ][ p ] + 1) * (rpdu_2d_
sfize_y_minus1[tileID [[p]+ 1)) /3 -1, inclusive.

.4.7.8 EOM patch data unit semantics

pdu_patch_in_auxiliary video_flag] tileID ][ pJ.specifies whether the attribute data associated with
he current EOM patch with index p in the curkent atlas tile, with tile ID equal to tilelD, are encoded
h an auxiliary video sub-bitstream. If epdu<¢patch_in_auxiliary_video_flag[ tileID ][ p ] is equal to O,
he attribute data associated with the EQM patch with index p in the current atlas tile are gncoded
h the corresponding 15t non auxiliary~map video sub-bitstream. If epdu_patch_in_auxiliarly_video_
ag[ tileID ][ p ] is equal to 1, the attribute data associated with the current EOM patch with index p in
he current atlas tile are encoded in the corresponding auxiliary video sub-bitstream. If epdyi_patch_
h_auxiliary_video_flag[ tileID ][ p ] is not present, its value shall be inferred to be equal to 0.

et e e s et o A e L e o

pdu_2d_pos_x] tileID ][ .p.])specifies the x-coordinate of the top-left corner of the patch bounfing box
sfize for the current EOM-patch p in the current atlas tile, with tile ID equal to tilelD, expressed as a
ultiple of PatchPackingBlockSize.

pdu_2d_pos_y|. tileID ][ p ] specifies the y-coordinate of the top-left corner of the patch bounding
Hox size for the current EOM patch with index p in the current atlas tile, with tile ID equal {o tilelD,
gxpressed as’a multiple of PatchPackingBlockSize.

dpdu_2d_size_x_minus1| tileID ][ p | plus 1 specifies the width value of the current EOM pafch with
indeXx p in the current atlas tile, with tile ID equal to tilelD.

epdu_2d_size_y_minus1] tileID [[ p | plus I speciiies 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 ] is inferred to
be equal to 0.

NOTE An EOM patch infers additional geometry information from the occupancy. If attributes are present,

additional information for the attribute data exists in the EOM associated patches in the map with index 0 of the
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[ tilelD I p][i]]shallnothe equalto P RAW or P EQM

o

epdu_points| tileID ][ p ][ i ] specifies the number of EOM points associated with the i-th patch spgectifie
in the cyrrent EOM patch with index p in the current atlas tile, with tile ID equal to tileID, that¢contai
EOM attfibutes. When not present epdu_points[ tileID ][ p ][ i] is inferred to be equal to 0.

—

8.4.7.9 | Pointlocal reconstruction data semantics

Let the yariable BSize be equal to PatchPackingBlockSize. Then the function BlockGnt( xSize, ySize ) is
defined ps follows:
BlockCnt( xSize, ySize ) = ( ( xSize + BSize - 1) / BSize ) * ( ( ySize + BSize—='1) / BSize ) (37

This function can be used to determine the nOmber of Dblocks of size
PatchPafkingBlockSize x PatchPackingBlockSize that are assocjated with a patch. For example, for
patch p pof size TilePatch2dSizeX] tileID ][ p ] x TilePatch2dSizeY{ tileID ][ p ], the number of blocks i
equal to|BlockCnt( TilePatch2dSizeX] tilelD ][ p ], TilePatch2dSizeY[ tileID ][ p ] ).

»n D

NOTE1 | In order to parse point local reconstructiondata, the TilePatch2dSizeX[ tileID ][ p ] and
TilePatc2dSizeY| tileID ][ p ] information needs to be previously derived.

plrd_level[ tileID ][ p ][ mapldx ] indicates the level at which point local reconstruction data, whe
enabled) is present in the bitstream for a map, With index mapldx, associated with the current patc
with index p. in the current atlas tile, with tile.ID equal to tileID. When plrd_level| tileID ][ p ][ mapldx
is equal to O this syntax element indicates\that point local reconstruction data and the syntax element
plrd_prgsent_block_flag| tileID ][ p ][ mapldx ][ i ] and plrd_block_mode_minus1] tileID ][ p ][ mapldx
[i] arelpresent in the bitstream forteach block of the map. When plrd_level[ tileID ][ p ][ mapldx ] i
equal to| 1, this syntax element indicates that point local reconstruction data and the syntax elements
plrd_prgsent_flag| tileID ][ p ][ mapldx ] and plrd_mode_minus]][ tileID ][ p ][ mapldx ] are present in thie
bitstream for the entire map,Wwith index mapldx, of the patch p in the current atlas tile with tile ID equal
to tileID] In this case, all blocks of the map mapldx shall use the same point local reconstruction data.

N e— 0N t— =2 =2

plrd_present_block_flag| tileID ][ p ][ mapldx ][ i ] equal to 1 indicates that the syntax element plrd
block_mjode_minusl[ilelD [ p ][ mapldx ][ i] is present in the bitstream for block i of the map mapld|
of the pptch p id the current atlas tile, with tile ID equal to tilelD. plrd_present_block_flag[ tileID
[ p ][ mapldx Jfi*] equal to 0 indicates that the syntax element plrd_block_mode_minus1] tileID ][ p
][A] is not present in the bitstream.

plrd_blbck- — . . - . oh
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 ].
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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_
mmusl[ mapldx ] plus 1 and defined by the syntax elements plri_ 1nterpolate flag[ mapldx ][ plrMode ],
i ghbour_

1nu51[ mapldx 10 plrMode ] for all blocks of the map w1th 1ndex mapldx of the patch pin the current
atlas tile, with tile ID equal to tileID. plrd_mode_minus1] tileID ][ p ][ mapldx ] shall be intherdnge of 0
D plri_number_of modes_minus1[ mapldx ], inclusive.

—

§.4.8 Supplemental enhancement information message semantics

Hach SEI message consists of the variables specifying the type payloadType dnd’size payloadSige of the
SEI message payload. SEI message payloads are specified in Annex F. The derived SEI message|payload
sfize payloadSize is specified in bytes and shall be equal to the numher,of bytes in the SEI message
fdayload.

I:_payload_type_byte is a byte of the payload type of an SEI méssage.

_payload_size_byte is a byte of the payload size of an SElmessage.

O

Decoding process

(o)

.1 General decoding process

]

hput to this process is a V3C bitstream or a\collection of V3C sub-bitstreams.

(an)

utput of this process is the decoded atlas information, a set of decoded video streams, correspgnding to
he occupancy, geometry and attribute, if available, V3C components and other information associated
rith the CVS, all of which are needed to perform the 3D reconstruction process as specified in Clause 10.

< t

he decoding process is specified such that all decoders that conform to a specific image/video
oding specification and;‘potentially, a specific profile, tier and level that may be defined within
uch specification, will produce numerically identical outputs when invoking the decoding|process
ssociated with that profile for a bitstream conforming to that profile, tier and level. Any decoding
rocess that producés identical outputs to those produced by the process described herein (with the
orrect outputOrder or output timing, as specified) conforms to the decoding process requirements of
his documernt:

o O oo =

]

F the input to this process is a V3C bitstream then the V3C bitstream is parsed and demultiplexed
into several V3C sub-bitstreams, as specified in subclause 9.6.2 or by external means, wijth each
sjub=bitstream corresponding to a different set of information. In particular, the V3C bitsfream is

et l+— nloavad inta ona oF-HRoere Atlac hitctranmace 1f s h— nla atlacne avrn nmrncant And thaiy Ao ociated
CIPIT AT IIIto—onT IS UTCS T CTUIITS; HtH CIPICOtItoTy ar o ProScITt ) Aok CIIcTIT oJ o

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.

The decpding process may include additional processing steps required to convert the decoded-vide
streams|to a nominal format, i.e. a nominal resolution, bit depth, chroma format, etc.. Such ¢onversio
process|is outside the scope of this document. However, for purposes of conformance topoint B, a
defined jn Annex A, an example process is described in Annex B.

n = O

Outputs|defined in subclauses 9.2, 9.3, 9.4 and 9.5 may have an assigned compositionvtime and outpyt
order index. The composition time and the output order index may be provided.either in the bitstream
or by exfernal means not specified in this document. The composition time and.the output order indejx
may be fitilized to determine timing relationships of and synchronize V3C components, and to perform
operatidns as defined in Annex B, if required.

NOTE For example, for a video sub-bitstream coded using ISO/IEC 23008-2, the output order index can ble
associatdd with the picture order count value of each frame in the sub-bitstream, as specified in ISO/IEC 23008-2.

9.2 Atlas data decoding process

9.2.1 [General atlas data decoding process

Input tq this process is the atlas sub-bitstream_¢ofresponding to the atlas NAL units of the atlas
compongnt with atlas ID DecAtlasID of the V3C bitstream.

Outputs|of this process are:

— the humber of decoded atlas frames, NumDecAtlasFrames,

=

— for ¢ach decoded atlas frame, the'corresponding upper-case variables from subclauses 9.2.5 or 9.2.]
or bloth,

— for [each decoded atlds)frame, the associated geometry, attribute and occupancy parameteq]
contained in non-ACI"NAL units, and

[72)

— 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).

V
\

Vhen the current atlas frame is a BLA atlas frame that has nal_unit_type equal to NAL_BRA]

AL_GBLA_W_LP, or is a CRA atlas frame, the following applies:

If some external means not specified in this document is available te..set the
UseAltCabParamsFlag to a value, UseAltCabParamsFlag is set equal to thealue provide
external means.

Otherwise, the value of UseAltCabParamsFlag is set equal to 0.

Vhen the current atlas frame is an IRAP coded atlas frame, the following applies:

If the current atlas frame is an IDR atlas frame, a BLA atlas“frame, the first atlas fram

bitstream in decoding order, or the first atlas frame that foellows an end of sequence NA
decoding order, the variable NoOutputBeforeRecoveryFlag is set equal to 1.

Otherwise, if some external means not specified ifnthis document is available to set the
HandleCraAsBlaFlag to a value for the current atlas frame, the variable HandleCraAsBlaF
equal to the value provided by the external meatis and the variable NoOutputBeforeRecove
set equal to HandleCraAsBlaFlag.

Otherwise, the variable HandleCraAsBlaFlag is set equal to O and the
NoOutputBeforeRecoveryFlag is set gqual to 0.

he decoding process operates as follows for the current atlas frame:

The decoding of atlas NAL units is specified in subclause 9.2.3.

The processes in subclause 9.2.4 specify the following decoding processes using syntax ele
the atlas tile header{ayer and above:

1) Variables afid-functions relating to the atlas frame order count are derived as spe
subclause9:2.4.1.

2) At the-beginning of the decoding process for each atlas tile, the reference atlas f1

construction process specified in subclause 9.2.4.3 is invoked for the derivation of the r
atlas frame list, RefAtlasFrmList.

3) ' The reference atlas frame marking process in subclause 9.2.4.4 is invoked, wherein r

W _LP or

variable
d by the

e in the
|, unit in

variable
ag is set
ryFlag is

variable

ments in

cified in

ame list
cference

cference

e.

atlas frames mighf be marked as "unused for reference”" or "used for ]nng-fnrm referen

4) When the current atlas frame is a BLA atlas frame or is a CRA atlas frame with
NoOutputBeforeRecoveryFlag equal to 1, the decoding process for generating 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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ii) 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:
1) Decoding of intra coded patches is specified in subclause 9.2.5.2.
2) Decoding of skip mode coded patches is specified in subclause 9.2.5.3.
3) Decoding of merge mode coded patches is specified in subclause 9.2.5.4.
4) [Decoding of inter coded patches is specified in subclause 9.2.5.5.
5) [Decoding of RAW coded patches is specified in subclause 9.2.5.6.
6) |Decoding of EOM coded patches is specified in subclause 9.2.5.7.
d) The|processin subclause 9.2.6 specifies the creation of the block to patch map afterthe decoding of
all gatches present within the current atlas tile.
e) Aftdrall atlas tiles associated with the current atlas have been decoded, the.¢urrent atlas is markefd
as "pised for short-term reference".
f) A ptocess is defined in subclause 9.2.7 that specifies the conversion:of tile level patch informatiop
to atlas level patch information.
9.2.3 Atlas NAL unit decoding process
Inputs to this process are atlas NAL units of the current atlas frame and their associated non-AC[L
NAL unifs.
Outputs|of this process are the parsed RBSP syntax structures encapsulated within the atlas NAL units.
The decpding process for each atlas NAL unit.extracts the RBSP syntax structure from the atlas NAL
unit and then parses the RBSP syntax structure:
9.2.4 Atlas tile header decoding process
9.2.4.1 | Atlas frame order count.derivation process
Output ¢f this process is AtlasErmOrderCntVal, the atlas frame order count of the current atlas tile.
Atlas frame order counts’are used to identify the output order of atlas frames, as well as for decoddr
conformance checking.
Each cqded atlas)‘frame is associated with an atlas frame order count variable, denoted as
AtlasFrinOrderCntVal.
When tHeleurrent atlas frame is not an IRAP coded atlas with NoOutputBeforeRecoveryFlag equal to 1,
the variables prevAttasFrmOTdercmtisband prevAttasFrmOTdercmtMsbare derived as fottows:
— LetprevAtlasFrm be the previous atlas frame in decoding order that has TemporallD equal to 0 and
that is not a RASL, RADL, or SLNR coded atlas.
— The variable prevAtlasFrmOrderCntLsb is set equal to the atlas frame order count LSB value, ath_
atlas_frm_order_cnt_lsb, of prevAtlasFrm.
— The variable prevAtlasFrmOrderCntMsb is set equal to AtlasFrmOrderCntMsb of prevAtlasFrm.
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The variable AtlasFrmOrderCntMsb of the current atlas frame is derived as follows:

— 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 =
prevAtlasFrmOrderCntMsb + MaxAtlasFrmOrderCntLsb

else if( ( ath_atlas_frm_order_cnt_Isb > prevAtlasFrmOrderCntLsb ) &&
( (ath_atlas_frm_order_cnt_lsb - prevAtlasFrmOrderCntLsb ) >
( MaxAtlasFrmOrderCntLsb /2)))

AtlasFrmOrderCntMsb =
prevAtlasFrmOrderCntMsb - MaxAtlasFrmOrderCntLsb
else

AtlasFrmOrderCntMsb = prevAtlasFrmOrderCntMsb

AtlasFrmOrderCntVal is derived as follows:

AtlasFrmOrderCntVal = AtlasFrmOrderCntMsb. * ath_atlas_frm_order_cnt_lsb

o |

rjot be the same.
The function AtlasFrmOrderCnt(‘\aFrmX ) is specified as follows:

AtlasFrmOrderCnt( aFrmX ) = AtlasFrmOrderCntVal of the atlas frame aFrmX

The function DiffAtlasFrmOrderCnt( aFrmA, aFrmB ) is specified as follows:

DiffAtlasFrmOrderCnt( aFrmA, aFrmB ) =
AtlasFrmOrderCnt( aFrmA ) - AtlasFrmOrderCnt( aFrmB )

Ysedrinvthe decoding process that are not in the range of =215 to 215 - 1, inclusive.

he value of AtlasFrmOrderCntVal shall be\in the range of -231 to 231 - 1, inclusive. In one
tlasFrmOrderCntVal values for any twg.coded atlas frames with the same value of nal_layer

The bitsteeam shall not contain data that result in values of DiffAtlasFrmOrderCnt( aFrmaA,

(38)

(39)

(40)

(41)

CAS, the
| id shall

(42)

(43)

aFrmB)

OTE Let X he the current atlas frame and Y and 7Z bhe twgo 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 NoOutputBeforeRecoveryvFlag equal to 1 is included herein only for purposes of specifying constraints

on the allowed syntax content of such RASL atlas frames. During the decoding process, any RASL atlas framgs

associatdd with an IRAP coded atlas frame that has NoOutputBeforeRecoveryFlag equal to 1 can be ignorei,

as these

frames that are specified for output. However, in HRD operations as specified in Annex E, RASL access.units can

need to b
When th

— For

is equal to "no reference atlas frame", an atlas frame is generated as specified,in subclause 9.2.4.2.

and

htlas frames are not specified for output and have no effect on the decoding process of any other’atlg

[72)

e taken into consideration in derivation of coded atlas frame buffer (CAB) arrival and removal times.

is process is invoked, the following applies:

(s

pach RefAtlasFrmlList[ j |, with j in the range of 0 to num_ref_entries[ Rlsldx )] - 1, inclusive, thg

S

the following applies:

The value of nal_layer_id for the generated atlas frame is set equal to the nal_layer_id value qf
the current atlas frame.

If st_ref_atlas_frame_flag[ Rlsldx ][ j | is equal to 1 the¢valte of AtlasFrmOrderCntVal for thie
generated atlas frame is set equal to RefAtlasFrmList[ j ] and the generated atlas frame is
marked as "used for short-term reference".

Otherwise, when st_ref_atlas_frame_flag] Rlsldx ][ j ] is equal to 0 the value qf
AtlasFrmOrderCntVal for the generated atlas frame is set equal to RefAtlasFrmList[ j ], the valule
of ath_atlas_frm_order_cnt_Isb for all tilesiffthe generated atlas frame is inferred to be equal
to ( RefAtlasFrmList[j ] & ( MaxAtlasFpmOrderCntLsb - 1 ) ), and the generated atlas frame is
marked as "used for long-term reference".

The value of AtlasFrameOutputFlag for the generated reference atlas frame is set equal to 0.
RefAtlasFrmList[ j | is set te.be the generated reference atlas frame.

The value of TemporallD for the generated atlas frame is set equal to the TemporallD value qf
the current atlas frame.

The value of ath-atlas_frame_parameter_set_id for the generated atlas frame is set equal tp
ath_atlas_frame) parameter_set_id of the current atlas frame.

(s

The valueof nal_layer_id for the generated atlas frame is set equal to nal_layer_id of the currer
atlas frante.

9.2.4.2.]

P ““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:

92

for(t=0; t<=afti_num_tiles_in_atlas_frame_minus1; t++) {

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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TilePatch3dOffsetU] tilelD ][
TilePatch3dOffsetV][ tilelD ][
TilePatch3dOffsetD] tileID ][
TilePatch3dRangeD] tilelD ][
TilePatchProjectionID][ tileID

TilePatch2dSizeY[ tileID J[p] =1

TilePatchLoDScaleX] tileID ][
TilePatchLoDScaleY][ tileID ][

if(asps_plr_enabled_flag==1) {
for(m = 0; m < asps_map_count_minusl + 1; m++)
TilePatchPlrdLevel[ tileID ][ p][m] =0

}

9.2.4.3 Reference atlas frame list construction process

—

his process is invoked at the beginning of the decoding process for-€ach atlas tile of an atlas ff

eference atlas frames are addressed through reference indices:A reference index is an indg
eference atlas frame list (RAFL). When decoding an I_TILE<tlas tile, no RAFL is used in ded
he atlas tile data. When decoding a SKIP_TILE or a P_TILES@tlas tile, a single reference atlas fr
efAtlasFrmList, is used in decoding of the atlas tile data.

o wmilie o)

t the beginning of the decoding process for each atlas tile, the RAFL RefAtlasFrmList is deri
AFL is used in marking of reference atlas frames@s’specified in subclause 9.2.4.4 or in decodi
dtlas tile data.

> wiliarS

=z

OTE For an I_TILE atlas tile of an atlas frame, RefAtlasFrmList could be derived for bitstream con
hecking purposes, but its derivation is not(hecessary for the decoding of the current atlas frame orj
fames that follow the current atlas frame in“decoding order.

j @)

The reference atlas frame list RefAtlasFrmList is constructed as follows:

for(j =0, afocBase = AtlaskrmOrderCntVal; j < num_ref_entries[ Rlsldx |; j++) {
if( st_ref_atlas_frdme_flag[ Rlsldx][j]) {

RefAtlasFrmAfocList[ j ] = afocBase — DeltaAfocSt[ Rlsldx ][ j ]

if( there is/a reference atlas frame afA in the DAB with
AtlasFrmOrderCntVal equal to RefAtlasFrmAfocList[j] )
RefAtlasFrmList[j ] = afA

€lse
RefAtlasFrmList[ j | = "no reference atlas frame"

afocBase = RefAtlasFrmAfocList[j ]

}else {

021(E)

ame.
bX into a

oding of
hme list,

ved. The
hg of the

ormance
for atlas

(44)

if( there is a reference atlas frame afA in the DAB with

A4l A Oad Cont\Jol O (NI T+ A4] A Osad ral I clk

R

4 £ i 1
AltIdoI'TINUTUCTT UlItvdadr & L VIdALLALIAST' T ITIITUTUCT UIILLOU L

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://standardsiso.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.

Th £] £ £ Ph R | 1 4 H DRDofAL] A ILict aloall +£1 4+ il £
- e dllds ITdllICT TUTICTITTU LU Uy Cdlll TIIUI y I INCTITAUIAOSITTIITLISU SITdIT TTULT UT LT CTUI I TIIU Adatldds 11T dlIllc,.

— A short term reference atlas frame entry and a long term reference atlas frame entry ip
RefAtlasFrmList of an atlas tile shall not refer to the same atlas frame.

[}

— Thefe shall be no long term reference atlas frame entry in RefAtlasFrmList for which the differend
betyveen the AtlasFrmOrderCntVal of the current atlas tile and the AtlasFrmOrderCntVal of the atlq
frame referred to by the entry is greater than or equal to 224

v

ot

— LetsetOfRefAtlasFrms be the set of unique atlas frames referred to by all entries in RefAtlasFrmlLis
thatl have the same nal_layer_id as the current atlas frame. The nwmber of atlas frames i
set(fRefAtlasFrms shall be less than or equal to asps_max_dec_atlas_frame_buffering_minus1, an
set(fRefAtlasFrms shall be the same for all atlas tiles of an atlas frame.

0=

— Thelatlas frames referred to by each active entry in RefAtlasFfiList shall have exactly the samie
nunpber of tiles as the current atlas frame.

— The|RefAtlasFrmList of all tiles in the current atlas frame;shall contain the same unique atlas frames,
witlout, however, any restrictions in ordering of the reference atlas frames.

— Whe¢n the current atlas frame, with nal_layer_id equal'to a particular value layerID, is an IRAP codefd
atlafp, there shall be no atlas referred to by an ent&y in RefAtlasFrmList that precedes, in output ordgr
or decoding order, any preceding IRAP coded-atlas with nal_layer_id equal to layerID in decodinig
ordér (when present).

=ni

— Whe¢n the current atlas frame is not'a~xRASL coded atlas associated with a CRA coded atlas wit
No(utputBeforeRecoveryFlag equal-to 1, there shall be no atlas referred to by an active entry i
RefAtlasFrmList that was generated by the decoding process for generating unavailable refereng
atlap frames for the CRA codedatlas associated with the current atlas.

[CHR=]

— Whe¢n the current atlas frame follows an IRAP coded atlas having the same value of nal_layer_id i
botl decoding order andutput order, there shall be no atlas frame referred to by an active entry i
RefAtlasFrmList thatprecedes that IRAP coded atlas in output order or decoding order.

==}

— When the current atlas frame follows an IRAP coded atlas having the same value of nal_layer_id an
all the leadingatlas frames, if any, associated with that IRAP coded atlas in both decoding order an
output order; there shall be no atlas referred to by an entry in RefAtlasFrmList that precedes thg

joVpen

(s

D_A

D o A

D st
IRAP code

that is an atlas frame that precedes the associated d 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 frante iy marked
as "used for short-term reference" and has the same nal_layer_id as the current atlas frame, the atlas
frame is marked as "used for long-term reference".

1+ Eachreference atlas frame in the same nal_layer_id as the current atlas framefinthe DAB that is not
referred to by any entry in RefAtlasFrmList is marked as "unused for refenenee".

9.2.5 Decoding process for patch data units

9.2.5.1 General decoding process for patch data units

]

hputs to this process are the current patch index, p, of the current tile with tile ID equal to tileID, and
he current patch mode, atdu_patch_mode[ tileID ][ p ].

—

[an)

utputs of this process are several parameters associated with the current patch with patch|index p,
hcluding its 2D and corresponding 3D location information.

—

Nlore specifically the following variables are derived:

—

ilePatchType[ tileID ][ p ], which indicates wliether the current patch with patch index p, of thg current
le with tile ID equal to tilelD, is using a projected, EOM, or RAW patch type.

—

—]

ilePatchInAuxVideo[ tileID ][ p ] indi¢ates whether the current patch with patch index p, of thg current
le with tile ID equal to tilelD, is associated with the auxiliary video.

—

I{et the variables horLimit and.werLimit be computed as follows:

if( TilePatchInAuxVideo| tileID ][ p]) {
horLimit = AuxVideoWidthNF
verLimit £AuxTileHeight[ TileIDTolndex] tileID ] ]

else {
herLkimit = TileWidth[ TileIDTolndex| tileID ] ]
verLimit = TileHeight[ TileIDTolndex] tilelD ] ]

}
TileRatch2dPosX] tileID ][ p ] specifies the x-coordinate of the top-left corner of the patch bounfling box

forthecurrentpatchwithpatchrindexp; of thecurrent titewith tite tBequat totitelb; refative 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.

It is a requirement of bitstream conformance that the following conditions apply:

TilePatch2dPosX] tileID ][ p ] + TilePatch2dSizeX] tileID ][ p ] <= horLimit (45)

TilePatch2dPosY]| tileID ][ p ] + TilePatch2dSizeY] tileID ][ p ] <= verLimit (46)

If TlilePatchType] tileID ][ p ] is equal to EOM then TilePatch2dSizeX] tileID ][ p ] and
TilePatch2dSizeY[ tileID ][ p ] shall be integer multiples of PatchPackingBlockSize.

TilePatch3dOffsetU] tileID ][ p ] specifies the shift to be applied to the reconstructed patch points i
the currlent patch with patch index p, of the current tile with tile ID equal to tileID, along the tanger
axis. The value of TilePatch3dOffsetU][ tileID ][ p ] shall be in the range of 0 to ( 2asps_géonetry_3d_bit_deptl}_
minusl+ 14— 1), inclusive.

- =

TilePatch3dOffsetV][ tileID ][ p ] specifies the shift to be applied to the reconstricted patch points i
the current patch with patch index p, of the current tile with tile ID equal te tileID, along the bi-tanger
axis. The value of TilePatch3dOffsetV[ tileID ][ p ] shall be in the range of O\te' ( 2asps-geometry_3d_bit_deptl}_
minusl+ ¥ _ 1) inclusive.

- =

TilePatch3dOffsetD] tileID ][ p ] specifies the shift to be applied-fo)the reconstructed patch points i
the currlent patch with patch index p, of the current tile with tile ID equal to tileID, along the normg
axis. The¢ value of TilePatch3dOffsetD[ tileID ][ p ] shall be in¢li¢'range of 0 to ( 2asps-geometry_3d_bit_depti}_
minusl+J_ 17 inclusive.

— =

TilePatch3dRangeD] tileID ][ p ] specifies for the cuxrént patch with patch index p, of the current
tile witH tile ID equal to tileID, the expected range @f the geometry data along the normal axis in thie
corresppnding geometry maps. Let the variable rangeDBitDepth be equal to Min( asps_geometry_2d_
bit_depth_minusl, asps_geometry_3d_bit_depth-minus1 ) + 1. The value of TilePatch3dRangeD] tilelD|]
[ p]shall be in the range of 0 to 2rangeDBitDeptii= 1 inclusive.

j=ni

TilePatchProjectionID][ tileID ][ p ] specifies the patch projection ID for the current patch with patc
index p, jof the current tile with tile ID:equal to tilelD.

[

TilePatchOrientationIndex][ tilelD }{ p ] specifies the patch orientation index to Table 11 for the curren
patch with patch index p, of thie eurrent tile with tile ID equal to tilelD.

TilePatchLoDScaleX] tileIDN[ p ] specifies the LOD scaling factor to be applied to the tangent axis of thie
current patch with patchindex p, of the current tile with tile ID equal to tilelD.

TilePatchLoDScale¥{ tileID ][ p ] specifies the LOD scaling factor to be applied to the bi-tangent axis gf
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
gqual to tilelD.

TilePatchPlrdPresentFlag[ tileID ][ p ][ m ] specifies the presence af.the |[variable
TilePatchPlrdModeMinus1] tileID ][ p ][ m | for the current patch with patch index p;6f the cujrent tile
Fith tile ID equal to tileID, and the map with index m.

<

—

ilePatchPlrdModeMinus1]| tileID ][ p ][ m ] specifies the selected PLR modelindex and its associated
fdarameters from the parameters indicated in the ASPS, as in subclause 8.3.6.1.2, for the current patch
Uith patch index p, in the current tile with tile ID equal to tilelD, for a map/with index m.

<

These variables are initially set as follows:

TilePatchType[ tileID ][ p ] = PROJECTED
TilePatchInAuxVideo| tileID ][ p] =0
TilePatch2dPosX[ tileID ][ p ]
TilePatch2dPosY|[ tileID ][ p |
TilePatch2dSizeX] tilelD ][ p
TilePatch2dSizeY]| tileID ][ p
TilePatch3dOffsetU[ tileID ][ p] =0
TilePatch3dOffsetV[ tileID ][p] =0
TilePatch3dOffsetD] tileID ][
TilePatch3dRangeD] tilelD ][
TilePatchProjectionID] tileID
TilePatchOrientationIndex] ti
TilePatchLoDScaleX] tileID [[p
TilePatchLoDScaleY[ tilelD |[ p
[p
lel

p
p
1led
le][]O
1
1
0

0
O

] =
] =
] =
D][p]=0
F atdu_patch_mode[FilelD ][ p ] is equal to I_INTRA or P_INTRA, then the process for decoding intra

oded patches in-Subclause 9.2.5.2 is used, with p and tileID as the inputs to that process,|and the
utputs of thabprocess are used as the output.

TilePatchRawPoints] tilelD ]
TilePatchEomPatchCount]| ti

o —

o

]

Fatdu_pdtch_mode] tileID ][ p ] is equal to P_SKIP, then the process for decoding skip coded patches in
sjubclause9.2.5.3 is used, with p and tileID as the inputs to that process, and the outputs of that| process

re used as the output.
[Fatdu_patch_modef tite p IS equat to - , 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 tilelD as the inputs to that process, and the outputs of

that process are used as the output.

Itisare

quirement 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 ].

Var

pog
pog
siz
siz
lod|
lod

For
tile
first

¥

where R

u

\%

The finall conversion from (u, v ) to the 3D coordinate system depends on the application.

TR, (oIdx)*{

ables posX, posY, sizeX, sizeY, lodX, and lodY are assigned as follows:

X = TilePatch2dPosX] tileID ][ p ]
Y = TilePatch2dPosY[ tileID ][ p ]
eX = TilePatch2dSizeX[ tileID ][ p ]
bY = TilePatch2dSize[ tileID ][ p ]

X = TilePatchLoDScaleX][ tileID ][ p ]
Y = TilePatchLoDScaleY[ tileID ][ p ]

each sample with coordinates ( %, y ) that belongs to the patch p, where ( x, y ) is relative to t
prigin of the tile with index tileID, the conversion to the 3D coordinate system is performed
transforming ( X, y ) to a local patch coordinate pair (u, v), as fellows:

) )

, and R, are specified in Table 11.

iy

47

lodX
0

0
lodY

lodX
0

0
ledy

x—posX sizeX—1

R

sizeY—-1

}+RS (oldx)*[

y—posY

Table[11 — Transformation matrices according to an indicated patch orientation index, oldx
9ldx | R,(oldx) R¢(oldx) Description
10 [0 0]
0 No transformation
01 10 0]
1 01 0.0 Th d d
e x and y axes are swappe
10 L 0~0 | Y pp
0 -1 FO 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
0' -1 10 1]
01 [0 17
4 Lo 0 o The y axis is inverted first and then x and y axes are swapped
-1 0 10
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.

98
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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 ]

INlePatchsdOttsetV] tilelD [| p | = pdu_sd_otiset_v| tilelD || p |
TilePatch3dOffsetD] tileID ][ p ] = Pdu3dOffsetD[ tileID ][ p ]
TilePatch3dRangeD] tileID ][ p ] = Pdu3dRangeD[ tileID ][ p ]
TilePatchProjectionID] tileID ][ p ] = pdu_projection_id] tileID ][ p ]
TilePatchOrientationIndex| tileID ][ p ] = pdu_orientation_indexftileID ][ p ]

TilePatchLoDScaleX] tileID ][ p ] =
pdu_lod_enabled_flag[ p ] ? pdu_lod_scale_x-minus1[ tileID [[p] +1:1
offsetY = ((pdu_lod_scale_x_minus]] tileID ][ p ]>0) ?1: 2)
TilePatchLoDScaleY[ tileID ][ p ] = pdu_lod_enabled_flag] tileID |[p ] ?
pdu_lod_scale_y_idc[ tileID ][ p ] #-offsetY : 1

TilePatch2dSizeX] tileID ][ p ] =
(pdu_2d_size_x_minuslftileID ][ p ] + 1) * PatchSizeXQuantizer

TilePatch2dSizeY][ tileID J[ip | =
(pdu_2d_size (ynminus]] tileID ][ p ] + 1) * PatchSizeYQuantizer

]

F asps_plr_enabled flag'is equal to 1, the following applies:
block€nt’= BlockCnt( TilePatch2dSizeX] tilelD ][ p ], TilePatch2dSizeY[ tileID ][ p ] )

fortm = 0; m < asps_map_count_minusl + 1; m++ ) {
if( plri_map_present_flagfm]==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
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

}

Decoding 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

If p is equal to 0, then Predictorldx is set to 0.

The var

tilelD, in

RefH

and Pre

The pro|

tileID a

refPatch
refPatch

refPach

refPatch
1D arrq
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

+ 1 )-th entry in the reference atlas frame list RefAtlasFrmList, RefAtlasFrmList[ refldx ].

o

able RefPatchldx, which corresponds to the predictor patch index in the tile withJD’equal t
the reference atlas frame, refAtlasFrm, is computed as:

atchldx = Predictorldx ()]

lictorldx is set to RefPatchldx + 1.

cess described in subclause 9.2.5.5.2 is invoked with the variables refldx, RefPatchldx, and
inputs, and the outputs are the variables refPatchType, refPatch2dPosX, refPatch2dPos])
2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPateh3dOffsetV, refPatch3dOffsetl),
3dRangeD, refPatchProjectionID, refPatchOrientationIndex, refPatchLoDScaleX,
L.oDScaley, refPatchRawPoints, and refPatchEomPatchCount, the 1D arrayls
AssociatedPatchindex and refPatchEomPoints, andyifrasps_plr_enabled_flag is equal to 1, thie
fys refPatchPlrdLevel, refPatchPlrdPresentFlag, afid refPlrdModeMinusl, and the 2D arrays

RN

Initially)the following parameters are derived:
TilelPatchType]| tilelD ][ p ] = refPatchType (61)
TilelPatchInAuxVideo| tileID ][ p ] = refPatchlnAuxVideo (67)
TilelPatch2dPosX] tileID ][ p } = vefPatch2dPosX (63)
TilePatch2dPosY| tilelD4] p ] = refPatch2dPosY 64
TilePatch2dSizeX{ tileID ][ p ] = refPatch2dSizeX (67)
TilePatch2dSizeY[ tileID ][ p | = refPatch2dSizeY (64)
In additiom; if refPatchType s equat to RAW, the associated 2Damd 3D patch parametersare derived as
follows:
TilePatch3dOffsetU[ tileID ][ p ] = refPatch3dOffsetU (67)
TilePatch3dOffsetV][ tileID ][ p ] = refPatch3dOffsetV (68)
TilePatch3dOffsetD] tileID ][ p ] = refPatch3dOffsetD (69)
TilePatch3dRangeD] tileID ][ p ] = refPatch3dRangeD (70)
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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 [ i ] = refPatchAssociatedPatchindex[i ]

TilePatchEomPoints[ tileID ][ p ][ i ] = refPatchEomPoints[ i ]

}

(therwise, the associated 2D and 3D patch parameters are derived as follows:

TilePatch3dOffsetU][ tilelD ][ p ] = refPatch3dOffsetU
TilePatch3dOffsetV] tileID ][ p ] = refPatch3dOffsetV
TilePatch3dOffsetD] tileID ][ p ] = refPatch3dOffsetD
TilePatch3dRangeD] tileID ][ p ] = refPatch3dRangeD
TilePatchProjectionID[ tileID ][ p | = refPatchProjectionID
TilePatchOrientationIndex] tileID ][ p.] = refPatchOrientationIndex
TilePatchLoDScaleX] tileID ][ ph='refPatchLoDScaleX
TilePatchLoDScaleY[ tiletD][ p ] = refPatchLoDScaleY

If asps_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) {
for(j = 0;j <blockCnt; j++ ) {
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 th

frame, refAtlasFrm, is computed as:

RefHatchldx = Predictorldx (84)
and Preglictorldx is set to RefPatchldx + 1.
The profcess described in subclause 9.2.5.5.2 is invoked with the variables refldx, RefPatchldx, and
tileID a$ inputs, and the outputs are the variables refPatchType, refPatch2dP6sX, refPatch2dPosyY,
refPatc2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetl),
refPatci3dRangeD, refPatchProjectionID, refPatchOrientationIndex, refPatchLoDScaleX,
refPachlLoDScaleY, refPatchRawPoints, and refPatchEomPatch€ount, the 1D  arrays

refPatchAssociatedPatchIindex and refPatchEomPoints, and, if asps{plr_enabled_flag is equal to 1, thie
1D arra
refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinusi.

It is a refjuirement of bitstream conformance that refPatchType is equal to projected.
First, TilePatchType[ tileID ][ p ] is assigned as follows:

TilelPatchType]| tilelD ][ p ] = refPatchType (83)
If mpduf override_2d_params_flag[ tileID ]|-p-] is equal to 1, the associated 2D patch parameters are

derived

TilePatch2dPosX][ tileID [ p ] =

TilePatch2dPosY[ tileIDZHp | =

TilelPatch2dSizeX{ tileID |[p] =

TilePatch2dSizeY|[ tilelD J[ p ] =

e predictor patch index, RefPatchldx, in the tile with ID equal to tile ID, in the reference atlas

fys refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusl, and the 2D arrays

hs follows:

refPatch2dPosX + mpdu: 2d_pos_x| tileID ][ p ] * PatchPackingBlockSize (89)

refPatch2dPRosY + mpdu_2d_pos_y[ tileID ][ p | * PatchPackingBlockSize 87

refPatch2dSizeX + mpdu_2d_delta_size_x| tileID ][ p ] * PatchSizeXQuantizer (89)

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)
TilePatch3dRangeD] tileID ][ p ] = refPatch3dRangeD + Mpdu3dRangeD] tileID ][ p 97)
(therwise,
TilePatch3dOffsetU][ tilelD ][ p ] = refPatch3dOffsetU (98)
TilePatch3dOffsetV] tileID ][ p ] = refPatch3dOffsetV (99)
TilePatch3dOffsetD] tileID ][ p ] = refPatch3dOffsetD (100)
TilePatch3dRangeD] tileID ][ p ] = refPatch3dRangeD (101)
The following variables are set:
TilePatchProjectionID] tileID ][ p ] = refPatchProjectionID (102)
TilePatchOrientationIndex| tileID"}fp ] = refPatchOrientationIndex (103)
TilePatchLoDScaleX] tileIR J[-p ] = refPatchLoDScaleX (104)
TilePatchLoDScaleY[\tileID ][ p ] = refPatchLoDScaleY (105)

Y

F asps_plr_enabléd, flag is equal to 1, the following applies:
blockCnt=BlockCnt( TilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY[ tileID ][ p])
[f OverridePIrFlag is equal to 1, the associated PLR parameters are derived as follows:

for( m = 0; m < asps_map_count_minusl + 1; m++ ) {
if(plri_map_present flag[mJ]==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 ][
plrd_block_mode_minus1] tileID ][ p ][ m ][]

:1)
1=

—— |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){
for(j = 0;j <blockCnt; j++ ) {
TilePatchPlrdPresentBlockFlag[ tileID [[p][m][j] =
refPatchPlrdPresentBlockFlag[ m ][j ]
if( TilePatchPlrdPresentBlockFlag[ tileID [[p ][ m][j] ==
TilePatchPlrdBlockModeMinus1[ tileID [[p ][ m][j]
refPatchPlrdBlockModeMinus1[ m ][ ]

1)

}
}else{
TilePatchPlrdPresentFlag[ tileID ][ p ][ m ] = refPatchPIlrdPresentFlag[ m ]
if( TilePatchPlrdPresentFlag[ tileID J[p][m]==1)
TilePatchPlrdModeMinus1] tileID ][ p ][ m ] = refPIrdModeMinus1[ m ]

}

9.2.5.5 | Decoding 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 tp this process are the current patch index, p,@nd the current tile ID, tilelD.
First, the reference atlas frame index, refldx, is«derived as ipdu_ref_index] tileID ][ p ].

Then the reference atlas frame, refAtlaskrm, 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 tile with ID equal to tile ID, in the referende
atlas frame, refAtlasFrm, iscomputed as:

RefHatchldx = Predictorldx + ipdu_patch_index[ tileID ][ p ] (109)

and Predlictorlds.is set to RefPatchldx + 1.

The profess _described in subclause 9.2.5.5.2 is invoked using the variables refldx, RefPatchldx, and
tileID a$ Gnputs, and the outputs are the variables refPatchType, refPatch2dPosX, refPatch2dPos])
refPatchZdSizeX,  refPatchZdSizeY, 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)

TilePatch2dSizeY|[ tileID ][ p ] =

refPatch2dSizeY + ipdu_2d_delta_size_y] tileID ][ p ] * PatchSizeYQuantizer (111
TilePatch3dOffsetU[ tileID ][ p ] = refPatch3dOffsetU + ipdu_3d_offset_u[ tilelD{['p ] (112)
TilePatch3dOffsetV][ tileID ][ p ] = refPatch3dOffsetV + ipdu_3d_offset y[ tileID ][ p ] (113)
TilePatch3dOffsetD] tileID ][ p ] = refPatch3dOffsetD + Ipdu3dOffsetD] tileID ][ p ] (114)
TilePatch3dRangeD] tilelD ][ p ] = refPatch3dRangeD + Ipdu3dRangeD] tileID ][ p ] (115)
TilePatchProjectionID] tileID ][ p ] = refPatchProjectionID (116)
TilePatchOrientationIndex| tileID ][ p ] = refRatchOrientationIndex (117)
TilePatchLoDScaleX] tileID ][ p ] = refPatechLoDScaleX (118)
TilePatchLoDScaleY[ tileID ][ p ] = refPatchLoDScaleY (119)

]

F asps_plr_enabled_flag is equal to 1, the following applies:

blockCnt = BlockCnt( [FilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY[ tileID ][ p ] )
for( m = 0; m < agps.map_count_minusl + 1; m++) { (120)
if( plri_map, present_flag 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( TilePatchPIrdPresentBlockFlag[ tileID [[p][m][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,
refPatcthSlzeX refPatch2d81zeY refPatcthOffsetU refPatcthOffsetV refPatch3dOffsetD,
refPatch3 3 2 B 2 efPatchlLoDScaleX
refPach JoDScaleY refPatchRawPomts, and refPatchEomPatchCount the 1D  arrays
refPatchAssociatedPatchIndex and refPatchEomPoints, and, if asps_plr_enabled_flag is equal ta™1,t
1D arralys refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinus1, 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 ejqual to tilelD of the ( refldx + 1 )-th entry of the reference atlas frame list)jRefAtlasFrmList,
RefAtlagFrmList[ refldx ].

Then, thle outputs of this process are derived based on the associated parameters of the patch, refPatch
as follows:

refPptchType = TilePatchType| tileID ][ refPatchldx | (121
refPatchInAuxVideo = TilePatchInAuxVideo[ tileID ][ refPatchldx ] (127
refPptch2dPosX = TilePatch2dPosX] tileID ][ refPatchld | (123)
refPptch2dPosY = TilePatch2dPosY]| tilelD ][ refRatchldx ] (124)
refPptch2dSizeX = TilePatch2dSizeX]| tilelD |[ refPatchldx ] (129)
refPptch2dSizeY = TilePatch2dSizeY] tileID ][ refPatchldx ] (129)

If refPqtchType is equal to (projected, then the process in subclause 9.2.5.5.2.2 is invokefd
with refldx, tileID, and refPatchldx as inputs. The outputs of the process are the variables
refPatci3dOffsetU, refPatchi8dOffsetV, refPatchProjectionlD, refPatch3dOffsetD, refPatch3dRangel),
refPatcHOrientationIndexprefPatchLoDScaleX, and refPatchLoDScaleY, and, if asps_plr_enabled_flag is
equal to[1, the 1D arrays'refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinus1, and thie
2D arrays refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

If refPafchType is equal to RAW, then the process in subclause 9.2.5.5.2.3 is invoked with refldx,
tileID, ajnd-«efPatchldx as inputs. The outputs of the process are the variables refPatch3dOffsetl,
refPatch3d0ffsetV, 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 = TilePatch3dOffsetV] tileID ][ refPatchldx ] (128)
refPatch3dOffsetD = TilePatch3dOffsetD[ tilelD ][ refPatchldx ] (129)
refPatch3dRangeD = TilePatch3dRangeD] tileID ][ refPatchldx ] (130)
refPatchProjectionID = TilePatchProjectionID] tileID ][ refPatchldx.] (131)
refPatchOrientationIndex = TilePatchOrientationIndex][ tilelB}][ refPatchldx ] (132)
refPatchLoDScaleX = TilePatchLoDScaleX] tileID ][ refPatchldx | (133)
refPatchLoDScaleY = TilePatchLoDScaleY| tileID;][ refPatchldx ] (134)

]

F asps_plr_enabled_flag is equal to 1, the follewing applies:

blockCnt = BlockCnt( TilePatch2dSizeX] tilelD ][ refPatchldx ],
TilePatch2dSizeY][ tilelD ][ refPatchldx ] )
for( m = 0; m < asps_map_countuminusl + 1; m++ ) {
if( plri_map_present_flagfm]==1){
refPatchPlrdLevel| m | = TilePatchPlrdLevel] tileID ][ refPatchldx ][ m ]
if( refPatchPlydlevel[ m ] ==0) {
for(j = (; jy< blockCnt; j++ ) {
réfPatchPlrdPresentBlockFlag[ m ][j] =
TilePatchPlrdPresentBlockFlag| tileID ][ refPatchldx [[ m ][]
if( refPatchPlrdPresentBlockFlag[ m][j]==1)
refPatchPlrdBlockModeMinus1l[ m][j] =
TilePatchPlrdBlockModeMinus1|[ tileID ][ refPatchldx ][ m ][]j ]

}
}else {
refPatchPlrdPresentFlag[ m | = TilePatchPlrdPresentFlag[ tileID ][ refPatchldx ][ m ]
if( refPatchPlrdPresentFlag m ] ==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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9.2.5.5.2.3 Reference patches in RAW mode

Inputs to this process are the atlas frame reference index, refldx, the patch reference index, refPatchldx,
and the current 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, th
refP

refP

refP

refP

where 1
associat
the reflq

9.2.5.5.]

Inputs t
and the

Outputs
refPatch

First, th
the ( ref]

Then, th

refP
for(

e outputs of this process are derived as follows:

htch3dOffsetU = TilePatch3dOffsetU] tilelD ][ refPatchldx ] (135)
htch3dOffsetV = TilePatch3dOffsetV] tilelD ][ refPatchldx ] (134)
htch3dOffsetD = TilePatch3dOffsetD] tileID ][ refPatchldx ] (137)
htchRawPoints = TilePatchRawPoints] tileID ][ refPatchldx ] (139)
ilePatch3dOffsetU, TilePatch3dOffsetV, TilePatch3dOffsetD;~and TilePatchRawPoints are thie

ed tile patch parameters from the patch with index refPatchildx in the tile ID equal to tileID qf
x-th entry of the reference atlas frame list struct, RefAtlasFrmList.

P.4 Reference patches in EOM mode

this process are the atlas frame reference index, refldx, the patch reference index, refPatchldx,
current tile ID, tilelD.

[77)

to this process are the variable refPatchEomPatchCount and the 1D array
AssociatedPatchIndex and refPatchEomPoints.

e patch, refPatch, that has an index equal to refPatchldx in the tile with tile ID equal to tileID qf
[dx + 1 )-th entry of the referénce atlas frame list struct, RefAtlasFrmList is determined.

e outputs of this process are derived as follows:
htchEomPatchCounts TilePatchEomPatchCount| tileID ][ refPatchldx ] (139)
= 0; i < refPatciEomPatchCount; i++ ) {

FefPatch AssociatedPatchIndex[ i |
='TilePatchAssociatedPatchIndex[ tileID ][ refPatchldx ][ i ] (14Q)

refPatchEomPoints[ 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 this process are the current patch index, p, and the current tile ID, tilelD.

108
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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)

IlePatchZdPosY] tilelD || p | = rpdu_Zd_pos_y]| tilelD [] p | ¥ PatchPackingblockdize (145)
Then the variables TilePatch2dSizeX[ tileID ][ p ], TilePatch2dSizeY[ tileID. [{ p|], and
TilePatchRawPoints] 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)

TilePatchRawPoints] tileID ][ p ] = rpdu_points_minus1| tilelD ][p] + 1 (148)

Then, the 3D patch variables TilePatch3dOffsetU] tilelD ][ p ], TilePatch3dOffsetV] tileID ][|p ], and

TilePatch3dOffsetD] tileID ][ p ] are derived and set as'output of this process as follows:
TilePatchRawPoints| tileID ][ refPatchldx | =*tpdu_points[ tileID ][ p ] (149)
TilePatch3dOffsetU][ tileID ][ p | = rpdu=3d_offset_u] tileID ][ p ] << RawShift (150)
TilePatch3dOffsetV] tileID ][ p }.£rpdu_3d_offset_v][ tileID ][ p ] << RawShift (151)
TilePatch3dOffsetD] tileID}[ p ] = rpdu_3d_offset_d] tileID ][ p ] << RawShift (152)

9.2.5.7 Decoding process for patch data units coded in EOM mode

]

hputs to this praocess are the current patch index, p, and the current tile ID, tilelD.

The followingpatch related variables are assigned given the parsed elements in the patch datajunit:
TileRatchType][ 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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TilePatchEomPatchCount] tileID ][ p ] = (epdu_patch_count_minus1[ tileID [[p] + 1) (159)
for(i=0;i< TilePatchEomPatchCount[ tileID ][ p ]; i++) {
TilePatchAssociatedPatchIndex[ tileID J[ p][i] =

epdu_associated_patch_idx[ tileID ][ p ] (160)
TilePatchEomPoints[ tileID ][ p ][ i] = epdu_points] tileID ][ p ] (161)

}

9.2.6
Input to

Then th
the two/

offs
Tilel

Tilel

All elempnts of TileBlockToPatchMap are first initialized to -1 as follows:

for(

Then th
for(

Decoding process of the block to patch map
this process is the current tile ID, tileID.

e variables TileBlockToPatchMapWidth] tileID | and TileBlockToPatchMapHeight| tilelD ], an
dimensional array TileBlockToPatchMap]| tileID ] are computed as follows:

bt = PatchPackingBlockSize - 1

BlockToPatchMapWidth| tilelD | =
( Tilewidth[ TileIDTolndex] tileID ] ] + offset ) / PatchPackingBlockSize (162

BlockToPatchMapHeight| tilelD ]=
( TileHeight[ TileIDTolndex] tileID ] | + offset ) fRatchPackingBlockSize (163

y = 0; y < TileBlockToPatchMapHeight[ tilelD [; y++)
for( x = 0; x < TileBlockToPatchMapWidgh] tileID ]; x++)
TileBlockToPatchMap| tileID ][ y}fx ] = -1

e TileBlockToPatchMap array is updated as follows:

p = 0; p < AtduTotalNumPatches| tileID ]; p++ ) {
patchType = TilePatchTypef tileID ][ p ]
if( patchType == PROJECTED ) {

x0rg = TilePatch2dPosX] tileID ][ p ] / PatchPackingBlockSize

yOrg = TilePatch2dPosY]| tilelD ][ p ] / PatchPackingBlockSize

tilePatchWidthBlk = ( TilePatch2dSizeX][ tileID ][ p ] + offset ) / PatchPackingBlockSiz
tilePatchHeightBlk = ( TilePatch2dSizeY]| tileID ][ p ] + offset ) / PatchPackingBlocksSiZ
foy( y = 0; y < tilePatchHeightBlk ; y++)

for( x = 0; x < tilePatchWidthBIk; x++ ) {
if(( asps_patch_precedence_order_flag==0) ||
( TileBlockToPatchMap] tileID ][ yOrg +y ][ xOrg +x] ==-1))

A9

[

TileBlockToPatchMap] tilelD || yOrg +y || xOrg+x [ =p

}
else if(TilePatchInAuxVideo][ tileID [[p] ==0) {

110

x0rg = TilePatch2dPosX] tileID ][ p ] / PatchPackingBlockSize

yOrg = TilePatch2dPosY]| tileID ][ p ] / PatchPackingBlockSize

tilePatchWidthBlk = ( TilePatch2dSizeX] tileID ][ p ] + offset ) / PatchPackingBlockSize
tilePatchHeightBlk = ( TilePatch2dSizeY[ tileID ][ p ] + offset ) / PatchPackingBlockSize
for(y = 0; y < tilePatchHeightBlk ; y++)

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

dase, a conversion of tile level patch information to atlas level patch information may be necess
donversion is performed in this subclause.

9.2.7.2 Conversion of tile level blockToPatch information to atlas level blockToPatch
ipformation

Ih this subclause, the block to patch maps from each tile are combined into, & single two-dim

AtlasBlockToPatchMapHeight are computed as follows:
offset = PatchPackingBlockSize - 1
AtlasBlockToPatchMapWidth = ( asps_frame_width + offsét ) / PatchPackingBlockSize

AtlasBlockToPatchMapHeight = ( asps_frame_height offset ) / PatchPackingBlockSize

All elements of AtlasBlockToPatchMap are first initialized to -1 as follows:

for(y = 0; y < AtlasBlockToPatchMapHeight; y++ )
for( x = 0; x < AtlasBlockToPatchMapWidth; x++)
AtlasBlockToPatchMap[ y J[%] = -1

Then the AtlasBlockToPatchMap airtay is updated as follows:

offsetPatch =0
for(t=0; t <= afti_numtiles_in_atlas_frame_minus1; t++) {
tileID = TileInde&ToID[ t ]
tileOffsetX = TileOffsetX][ t ]
tileOffsetY.=TileOffsetY[ t ]
for( blkY="0; blkY < TileBlockToPatchMapHeight][ tileID ]; blkY++) {
for(\blkX = 0; blkX < TileBlockToPatchMapWidth][ tileID ]; blkX++ ) {
y = tileOffsetY / PatchPackingBlockSize + blkY
x = tileOffsetX / PatchPackingBlockSize + blkX
offset = ( TileBlockToPatchMap] tileID ][ blkY ][ blkX ] ==-1)? 0 : offsetPatch
AtlasBlockToPatchMap| y ][ x ] = TileBlockToPatchMap] tileID ][ blkY ][ blkX ] 4

reconstruction process may be performed using all tile information, 1.e. is atlas based. In that particular

hry. This

ensional

array, AtlasBlockToPatchMap. This array and the variables AtlasBlockToPatchMapWidth, and

(164)

(165)

offset

}

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
NumEomPgints =0
AtlasTotalNumPatches = 0
AtlasTotalNumProjPatches = 0
AtlasTotalNumEomPatches = 0
AtlasTotalNumRawPatches = 0
atlagPatchldx =0

offsetPatch =0

for(|t = 0; t <= afti_num_tiles_in_atlas_frame_minus1; t++) {

ileID = TileIndexToIDJ[ t ]

ileOffsetX = TilePatchInAuxVideo[ tileID ][ p] ? 0 : TileOffsetX] t ]

ileOffsetY = TilePatchInAuxVideo[ tileID ][ p ] ? AuxTileOffset[ t \;"TileOffsetY|[ t ]
or( p = 0; p < AtduTotalNumPatches| tileID ]; p++ ) {
CommonTilePatchParamsToAtlas( atlasPatchldx, tileID, )
ApplicationTilePatchParamsToAtlas( atlasPatchldx, tileID, p, offsetPatch )
atlasPatchldx +=1

offsetPatch += AtduTotalNumPatches]| tilelD]

AtlaPatchInAuxVideo|[ atlasPatehildx | = TilePatchInAuxVideo] tileID ][ p ]
AtlasPatchType[ atlasPatchldx J)= TilePatchType[ tileID ][ p ]
AtlasPatch2dSizeX[ atlasPatehldx | = TilePatch2dSizeX] tileID ][ p ]
AtlasPatch2dSizeY[ atlasRatchldx | = TilePatch2dSizeY] tileID ][ p ]
AtlasPatch2dPosX] atlasPatchldx ] = TilePatch2dPosX] tileID ][ p ] + tileOffsetX
AtlasPatch2dPosY{attasPatchldx | = TilePatch2dPosY]| tileID ][ p ] + tileOffsetY
AtlasPatch3dOffsetU[ atlasPatchldx | = TilePatch3dOffsetU] tilelD ][ p ]
AtlasPatch3dOffsetV[ atlasPatchldx | = TilePatch3dOffsetV][ tileID ][ p ]
AtlasPatch3dOffsetD[ atlasPatchldx | = TilePatch3dOffsetD[ tileID |[ p ]
AtlasPatcly3dRangeD[ atlasPatchldx | = TilePatch3dRangeD][ tileID ][ p ]
Atlals PatchPrOJectlonID[ atlasPatchIdX ]= TllePatChPI'O]eCtIOHID[ tileID ][

Pl

AtlasPatchLoDScaleX[ atlasPatchldX 1= TllePatchLoDScaleX[ tlleID 1l 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++ ) {

Adlo 1o Rl LDl ool o3

D P locPat ol 1lds
rtrasrrarreSeRtoottr TAS atraST clL\.llqu Jl ess JLJ J =

TilePatchPlrdPresentBlockFlag] tileID ][ p ][ m ][

if( AtlasPlrdPresentBlockFlag[ atlasPatchldx ][ m ][ j
AtlasPlrdBlockModeMinus1| atlasPatchldx ][ m ]
TilePatchPlrdBlockModeMinus1] tilelD ]

=1)

j]
1=
[i1=
} [pl[mHT]
}else{
AtlasPlrdPresentFlag[ atlasPatchldx ][ m ] =
TilePatchPlrdPresentFlag[ tileID ][ p ][ m ]
if( AtlasPlrdPresentFlag[ atlasPatchldx ][ m]==1])
AtlasPlrdModeMinus1][ atlasPatchldx ][ m ]2
TilePatchPlrdModeMinus1][ tileID ][ pJ[-mn ]

}

}
if( AtlasPatchType|[ atlasPatchldx | == EOM ) {
AtlasTotalNumEomPatches +=1
for(i=0;i< AtlasPatchEomPatchCount[*atlasPatchldx ]; i++) {
NumEomPoints += TilePatchEomPoints] tileID [[ p ][ i ]
AtlasPatchEomPoints[ atlasPatchildx ][ i ] = TilePatchEomPoints][ tileID ][ p ][ i]
AtlasPatchAssociatedPatchlndex| atlasPatchldx J[i] =
TilePatchAssociatedPatchindex[ tileID ][ p ][ i ] + offsetPatch

}

}

if( AtlasPatchType[ atlasPatchldx ] == RAW ) {
AtlasTotalNumRawPatches += 1
NumRawPoints #="FilePatchRawPoints[ tileID ][ p ]

2O

.3 Occupaney video decoding process

[JecAtlasID, is performed as follows.

The decoding process of an occupancy video component associated with the atlas, with

Hot-the occupancy video component, the codec is first determined using either the profiles

atlas ID

defined

inm Annex A or the value of ol_occupancy_codec_id] DecAtlaslD | and a component codec map

ping 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

© ISO/IEC 2021 - All rights reserved

113


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

ISO/IEC 23090-5:2021(E)

— 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,

— npr‘ﬂr‘r‘('hrnmnqgmp]inapncifinn indir‘qfing inrpcpnf the video chroma Qnmpling pncifinn S
& y y

specified in ISO/IEC 23091-2,

—

— |DecOccFullRange, indicating, if present, the video full range code point as specified i
ISO/IEC 23091-2,

— |DecOccColourPrimaries, indicating, if present, the chromaticity coordinates~of the sourde
primaries as specified in ISO/IEC 23091-2,

— [DecOccTransferCharacteristics, indicating, if present, the transfer characteristics as specified
in ISO/IEC 23091-2,

— |DecOccMatrixCoeffs,indicating,ifpresent,thematrixcoefficientsasspecifiedinISO/IEC23091-2,
— |DecOccOutOrdldx, indicating the occupancy video output orderindex, and
— [DecOccCompTime, indicating the occupancy video composition time.
where the dimension corresponds to the decoded occupancyvideo frame index.
If the arfay 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 value of 2,
i.e. unspecified, those elements shall be set to 8, i.e*linear.

If the arfay DecOccChromaSamplingPositionis missing, all of its elements shall be set to 0.
If the arfay DecOccColourPrimaries is miséing, all of its elements shall be set to 2.
If the arfay DecOccMatrixCoeffs isanissing, all of its elements shall be set to 2.

The values of the arrays’ DecOccChromaSamplingPosition, DecOccColourPrimaries, anfd
DecOccllatrixCoeffs, shall not-be used for any further processing of the decoded occupancy frames.

These values shall be intérpreted 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 futurle
defined yideo 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, the_geometry chroma sampling as
specified in ISO/IEC 23091-2,

— DecGeoFullRange, indicating, if present, the vided, full range code point as specified in
ISO/IEC 23091-2,

— DecGeoColourPrimaries, indicating, if present;*the chromaticity coordinates of th¢ source
primaries as specified in ISO/IEC 23091-2,

— DecGeoTransferCharacteristics, indicating, if present, the transfer characteristics as gpecified
in ISO/IEC 23091-2,

— DecGeoMatrixCoeffs,indicating,ifpresent,the matrixcoefficientsasspecifiedinISO/IEC23091-2,
— DecGeoOutOrdldx, indicatingthe geometry video output order index, and

— DecGeoCompTime, indicating the geometry video composition time,

<

'here the dimensions corréspond to vuh_map_index and the decoded geometry video franje index,
espectively.

—

]

Fthe array DecGeoFullRange is missing, all of its elements shall be set to 1.

]

Fany of the elements of the array DecGeoTransferCharacteristics are missing or are set to a vdlue of 2,
e. unspecified, those elements shall be set to 8, i.e. linear.

—

]

Fthe array’DecGeoChromaSamplingPosition is missing, all of its elements shall be set to 0.

]

f 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,

AnY Val A AL Jal H s - il - - i A | rdela
— ptiluctunuAaAvviIulll, 1uu1L,auus CIICT auzuual_y sCUlllCLl)’ vIiUuCTu vviutllil,
— |DecGeoAuxChromaFormat, indicating the attribute chroma format,

— [DecGeoAuxChromaSamplingPosition, indicating, if present, the geometry chroma sampling a
specified in ISO/IEC 23091-2,

[72)

— [DecGeoAuxFullRange, indicating, if present, the video full range code pointhas specified i
ISO/IEC 23091-2,

-

— |DecGeoAuxColourPrimaries, indicating, if present, the chromaticity coerdinates of the sourde
primaries as specified in ISO/IEC 23091-2,

— |DecGeoAuxTransferCharacteristics, indicating, if present, the transfer characteristics as
specified in ISO/IEC 23091-2,
— |DecGeoAuxMatrixCoeffs, indicating, if present, the “matrix coefficients as specified in

ISO/IEC 23091-2,
— |DecGeoAuxOutOrdldx, indicating the auxiliary geothetry video output order index, and
— [DecGeoAuxCompTime, indicating the auxiliary'geometry video composition time,
where the dimension corresponds to the decoded auxiliary geometry video frame index.
If the arfay DecGeoAuxFullRange is missing; all of its elements shall be set to 1.

If any of| the elements of the array DecGeeAuxTransferCharacteristics are missing or are set to a value
of 2, i.e. inspecified, those elements shall be set to 8, i.e. linear.

If the arfay DecGeoAuxChromaSamplingPosition is missing, all of its elements shall be set to 0.
If the arfay DecGeoAuxColourPrimaries is missing, all of its elements shall be set to 2.

If the arfay DecGeoAuxMatrixCoeffs is missing, all of its elements shall be set to 2.

The values of the~arrays DecGeoAuxChromaSamplingPosition, DecGeoAuxColourPrimaries, anfd
DecGeopuxMatrixCoeffs, shall not be used for any further processing of the decoded auxiliar
geometily 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.

116 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090-5:2021(E)

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.

o < =

Fthe attribute video sub-bitstream is not an auxiliary attribute video, either identified by vuhratuixiliary_
ideo_flag equal to 0 or determined through external means if the V3C unit header is unayailpble, the
utputs of this process are:

the 1D array DecAttrType, indicating the attribute type, where the dimension\.correspondls to the
attribute index,

the 3D array NumDecAttrFrames, indicating the number of decoded attribtte video framef, where
the dimensions correspond to the attribute index, the attribute partition-index, and vuh_majp_index,

the 7D array DecAttrFrames, the decoded attribute video framegs, where the dimensions correspond
to the attribute index, the attribute partition index, vuh_map.index, the decoded attribute video
frame index, the component index, the row index, and the celiumn index, respectively, and

the following 4D arrays:

— DecAttrBitDepth, indicating the attribute bit depth,

— DecAttrHeight, indicating the attribute height,

— DecAttrWidth, indicating the attributeiwidth,

— DecAttrNumComp, indicating the attribute number of components,
— DecAttrChromaFormat, indieating the attribute chroma format,

— DecAttrChromaSamplingPosition, indicating, if present, the attribute chroma sampling as
specified in ISO/IEC 23091-2,

— DecAttrFullRange;-indicating, if present, the video full range code point as spe¢ified in
ISO/IEC 2309122,

— DecAttrGolourPrimaries, indicating, if present, the chromaticity coordinates of th¢ source
primaries as specified in ISO/IEC 23091-2,

— DecAttrTransferCharacteristics, indicating, if present, the transfer characteristics as gpecified
I¥SO/IEC 23091-2,

="' DecAttrMatrixCoeffs, indicating, if present, the matrix coefficients as specjfied in
IQO/IF‘(‘ 23091-2,

— DecAttrOutOrdIldx, indicating the attribute output order index, and

— DecAttrCompTime, indicating the attribute composition time,

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

the

— the
fran

— the
cort
inde

— the

1N AnY Adta A T I A3 4] dtoaslo o o o L. 4+ - H |
L L) alla_y UCLﬂLLLnuAl)’PC, uu,{u,auus LIICT Adalll TUuUtLT LyPC, VVIICT T UIICT UIITICIISIVUIL LUIICDPUIIUD U

httribute index,

PD array NumDecAttrAuxFrames, indicating the number of decoded auxiliary attribute-vide
hes, where the dimensions correspond to the attribute index and the attribute partitioh index

bD array DecAttrAuxFrames, the decoded auxiliary attribute video frames, wheréthe dimension|

%, the component index, the row index and the column index, respectively,and
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 auxijliary attribute chroma format,

DecAttrAuxChromaSamplingPosition, indieating, if present, the attribute chroma sampling 4
specified in ISO/IEC 23091-2,

DecAttrAuxFullRange, indicating, if\present, the video full range code point as specified i
ISO/IEC 23091-2,

DecAttrAuxColourPrimariesyindicating, if present, the chromaticity coordinates of the sourd
primaries as specified in ISO/IEC 23091-2,

DecAttrAuxTransferCharacteristics, indicating, if present, the transfer characteristics a
specified in ISO/IE€23091-2,

DecAttrAuxMatrixCoeffs, indicating, if present, the matrix coefficients as specified i
ISO/IEC 23091-2,

DecAttrAuxOutOrdldx, indicating the auxiliary attribute output order index, and

DecAttrAuxCompTime, indicating the auxiliary attribute composition time,

espond to the attribute index, the attribute partition index, the decoded attribute video frame

S

[72)

=}

-

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 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 ai_attribute_codec_id.

9.6 Sub-bitstream extraction process

9.6.1 General

[rorder—to per fornrthe C‘u—:\,udiug, processes tdentifted—imr—subclauses ﬁ, ﬁ, SHA—and L, it may be
recessary to extract the appropriate V3C units, e.g. atlas or occupancy data, from the V3C bitstream, or
ACL and non-ACL NAL units of specific type from an atlas sub-bitstream. Subclause 9.6.2(deScribes the
gxtraction of V3C units. Subclause 9.6.3 describes the extraction of NAL units.

\0

.6.2 V3C unit extraction

]

hputs to this process are a V3C bitstream, such as a bitstream in the V3C sample stream format defined
ih Annex C, a target atlas identifier, targetAtlasld, and a set of parameters,specifying the comppnent or
omponents to be extracted.

Q

v w]

irst the locations of the V3C unit boundaries in a V3C bitstream areidentified. For example, for|the case
f the V3C sample stream format specified in Annex C, the location of each boundary can be identified
sing the syntax element ssvu_v3c_unit_size.

(elile)

Then, the extraction process for each V3C unit is performed as follows:

]

F vuh_unit_type in the V3C unit headers is equal t6.V3C_AVD, V3C_GVD, V3C_OVD, or V3CJAD, and
he vuh_atlas_id is equal to targetAtlasld, then.the following applies based on the input extraction
fdarameters:

—

-1 If extraction of atlas sub-bitstreams is\indicated, then if vuh_unit_type is equal to V3C_AD in the
current V3C unit, then the V3C unit payload is extracted as an output.

-+ Ifextraction of occupancy sub-hitstreams is indicated, then if vuh_unit_type is equal to V3¢_OVD in
the current V3C unit, then the V3C unit payload is extracted as an output.

+ Ifextraction of geometry-sub-bitstreams with map index mapldx is indicated, then if vuh_upit_type
is equal to V3C_GVD,vuh_map_index is equal to mapldx, and vuh_auxiliary_video_flag is equal to 0
in the current V3C.uhit, then the V3C unit payload is extracted as an output.

-+ If extraction of auxiliary geometry sub-bitstreams is indicated, then if vuh_unit_type is jequal to
V3C_GVD, and/vuh_auxiliary_video_flag is equal to 1 in the current V3C unit, then the Y3C unit
payload igkextracted as an output.

—+ If exftraction of attribute sub-bitstreams with attribute index attrldx, map index map|dx, and
partition index partldx, is indicated, then if vuh_unit_type is equal to V3C_AVD, vuh_attribute_
index is equal to attrldx, vuh_map_index is equal to mapldx, vuh_attribute_partition_index is equal
to partldx, and vuh_auxiliary video_flag is equal to 0 in the current V3C unit, then the Y3C 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, thle extraction process for each NAL unit is performed as follows:

— If extraction of ACL NAL units with a specific tile ID, tilelD, is indicated, then all ACL NAL unitsywith
ath |id equal to tileID and their associated non-ACL NAL units are extracted.

Sl

— If ejftraction of ACL NAL units is indicated without specifying a specific tile ID, thenall ACL NA
unifls and their associated non-ACL NAL units are extracted.

— If eqftraction of a non-ACL NAL unit of a specific NAL type, nalType, is indicatéd, then all NAL unif]
with nal_unit_type equal to nalType, and their associated non-ACL NAL units are extracted.

[72)

10 Prg-reconstruction process

The preireconstruction process depends on the profiles defined in Axdnex A.

Some applications within the scope of this document define\explicit pre-reconstruction processin|
steps. However, some other applications may not, in which ¢ase the pre-reconstruction process is
outside the scope of this document. For example, in the context of the video-based point cloud decodi
applicatjons, as defined in Annex H, and the associated profiles, a pre-reconstruction process, which
performjs occupancy synthesis operations, is specifiediin Clause H.6.

11 Reg¢onstruction process
The recgnstruction process depends on the'profiles defined in Annex A.

Some agplications within the scope of this document define explicit reconstruction processing steps.
Howevel, some other applications,'may not, in which case the reconstruction process is outsi

the scope of this document. For example, in the context of the video-based point cloud decodigg
applicatjons, as defined in Ahnex H, and the associated profiles, a nominal reconstruction process is
specifiefl in Clause H.7.

12 Post-reconstruction process

The post-reconstruction process depends on the profiles defined in Annex A.

Some applications within the scope of this document define explicit post-reconstruction processinj
steps. Howevers—some-other—appheati rot—i—which—ease

’

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
in Annex H, and the associated profiles, an adaptation process is specified in Clause H.9.

14 Parsing process

14.1 General

Inputs to this process are bits from the bitstream

(Qutputs of this process are syntax element values.

—

his process is invoked when the descriptor of a syntax element in the syntax tables is equal to
(V) (see subclause 14.2).

(%)

14.2 Parsing process for 0-th order Exp-Golomb codes

14.2.1 General

]

his process is invoked when the descriptor of a syntax element in_the'syntax tables is equal
r se(v).

o

]

hputs to this process are bits from the bitstream.

(an)

utputs of this process are syntax element values.

yntax elements coded as ue(v) or se(v) are Exp-Golenib-coded. The parsing process for thes

hcluding the first non-zero bit and counting the number of leading bits that are equal to 0. Thig
b specified as follows:

— = D N

fu—

padingZeroBits = -1
br( b = 0; !b; leadingZeroBits++ ) (166)
b = read_bits( 1)

-

The variable codeNum is thentassigned as follows:

codeNum = 2leadingZepoBits _ 1 + read_bits( leadingZeroBits )

an unsigned integer with the most significant bit written first.

=

able 12 illustrates the structure of the Exp-Golomb code by separating the bit string into "pre
cuffix” bits. The "prefix” bits are those bits that are parsed as specified above for the compu
padingZeroBits and are shown as either 0 or 1 in the bit string column of Table 12. The "suffix'
hosebits that are parsed in the computation of codeNum and are shown as x; in Table 12, wit]

& —

021(E)

defined

ue(v) or

to ue(v)

P syntax

lements begins with reading the bits starting a’the current location in the bitstream up to and

process

(167)

where the value returhed from read_bits( leadingZeroBits ) is interpreted as a binary representation of

fix" and
tation of
bits are
1 iin the

—

nge of 0 to leadingZeroBits - 1, inclusive. Each x; is equal to eitherOor 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 13

Table 12 (continued)

Bit string form Range of codeNum
000001 x4x3X;5X1Xg 31..62

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)

Depending on the descriptor, the value of a syntax element is'derived as follows:

— Ifth
— Oth

invd
cod

14.2.2
Input to
Output ¢

The syn
increasi
Table 14

Bit string codeNum
1
010
011
00100
00101
00110
00111
0001000
0001001
0001010

O 0[N n|»hWwWIN RO

e syntax element is coded as ue(v), the value of, the syntax element is equal to codeNum.

brwise (the syntax element is coded as se(Vv)), the value of the syntax element is derived b
king the mapping process for signed Exp-Golomb codes as specified in subclause 14.2.2 wit
eNum as input.

<l

Mapping process for signed Exp-Golomb codes
this process is codeNum as\specified in subclause 14.1.
f this process is a value of a syntax element coded as se(v).

fax element is assigned to the codeNum by ordering the syntax element by its absolute value ip
hg order and representing the positive value for a given absolute value with the lower codeNunp.
provides thé/assignment rule.

Table 14 — Assignment of syntax element to codeNum

122

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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Annex A
(normative)

Profiles, tiers and levels

A.1 Overview of profiles, tiers and levels

Hrofiles, tiers and levels specify restrictions on the bitstreams and hence limits on .the cap
needed to decode the bitstreams. Profiles, tiers and levels may also be used to indicaté.interop
foints between individual decoder implementations.
H
g

ach profile specifies a subset of algorithmic features and limits that shall besupported by all ¢
onforming to that profile.

ach level of a tier specifies a set of limits on the values that may be taken by the syntax g

rofile. For any given profile, a level of a tier generally corresponds to a particular decoder pr

H
g
implementations may support a different tier and within a tier, adifferent level for each sy
B
lpad and memory capability.

(lapabilities of V3C decoders conforming to this editionrof this document are specified in tern
bility to decode V3C bitstreams or collection of V3G:sb-bitstreams conforming to the const
rofiles, tiers and levels specified in this annex andiother annexes. When expressing the capah
decoder for a specified profile, the tier and levelsupported for that profile should also be exp

OTE The term “decode” in this context caniniclude the reconstruction in 3D space, i.e. “decode” ca
ly decoding the 2D video sub-bitstreams (i.e:-"geometry, occupancy, attribute(s)) and the associated 3
itstream, or it can include further reconstruetion into 3D space. The respective steps included in the “d
e specified for each profile.

Ih this annex, phrases like "the bitstream” should be intepreted as "the V3C bitstream of the o
oint", and phrases like "coded.atlas access unit n" should be interpreted as "coded atlas access
the bitstream of the operation point”, where "the operation point" is the operation point with w
rofile, tier, or level is associated with.

he variables Htid@Pyand TemporallD, which indicate the highest temporal layer present in
sub-bitstream and-the temporal ID of an atlas sub-bitstream, respectively, shall be equal to
dition ofthe dociiment.

or each gpération point identified by HtidOP, the profile, tier and level information are indi
combination of syntax elements, including ptl_profile_codec_group_idc and ptl_profile_tod
thatare found in or derived from the profile_tier_level( ) syntax structure in the VPS, if avai

abilities
brability

lecoders

lements

f this document. The same set of tier and level definitions is used-with all profiles, but individual

pported
bcessing

hs of the
raints of
ilities of
ressed.

h refer to
tlas sub-
ecoding”

peration
unit n in
hich the

an atlas
D in this

Cated by
Iset_idc,
lable, or

efermined 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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V3C bitstream

V3C unit extraction (Subclause 9.6.2)

V3C parameter set (VPS)
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A 4

Nominal format'conversion

(Armeéx B)

A 4

Nominal format V3C components

Y

Pre-reconstruction

(Clause 10)

A 4

Pre-reconstruction V3C components

A 4

Reconstruction
(Clause 11)

A 4

Reconstructed volumetric content

A 4

Post-reconstruction

(Clause 12)

y Post-reconstructed volumetric content

) 4

Adaptation
(Clause 13)

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.

Tie third profile component describes Conformance pomnt B, Specilying the pre-reconstruction,
reconstruction, post-reconstruction, and adaptation tools supported or recommended)to|achieve
donformance in terms of 3D reconstruction. This is referred to as the Reconstruction profile
domponent.

Together, these profile components form a V3C profile, which follows theOmaming convention
(odecGroup Toolset Reconstruction. For example, taking the first blocks of Eigure A.2, the fesulting
V3C profile is named as AVC V-PCC Basic RecO.

Conformance Point A Conformance Point B

Profile

Tier Level

(@)
o
(o9
)
a
o]
=]
=}
c
o
g
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@
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1)
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o
=
0
I
~
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o
o
=
[ P |

Figure A.2 — V3C profile;tier and level structure

(Jonformance can be specified for a single V8C bitstream, as defined in Annex C, or for a coll¢ction of
3C sub-bitstreams that are associated with each other and provide information for the reconstruction
f a sequence of volumetric frames.

o <

A V3C bitstream may consist of oné.@r' more atlas sub-bitstreams, and each atlas may include additional
sjub-bitstreams, such as an occupancy sub-bitstream, 0 or more geometry map sub-bitstreams,|and 0 or
more attributes of different type:

Any V3C bitstream, collection of V3C sub-bitstreams, or V3C decoder can claim support|of both
donformance point A and conformance point B. However, indicating conformance point A is majndatory,
while conformance point B is optional. For example:

1 AVC V-PCE Basic, is a valid profile that clearly indicates its CodecGroup and Toolsef profile
components while providing no indication of a Reconstruction profile component.

+ AVCV+PCC Basic RecO0, is a valid profile that clearly indicates its CodecGroup and Toolset profile
components while also indicating support of a Reconstruction profile component that proyides 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

© ISO/IEC 2021 - All rights reserved 125


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

ISO/IEC 23090-5:2021(E)

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[V3T bitstream or the collection of V3C sub-bitstreams are indicated to conform to a tier that Is
lower than or equal to the specified tier, as indicated in Clause A.6.

A decoder may support and may be able to conform to multiple reconstruction profiles as spécified
in Clausp A.5. However, the reconstruction profile a decoder selects to operate in, is outside the scope
of this document. When a decoder claims to be operating at a particular conformance pgoint B, it shall
be capaple of reconstructing a volumetric frame according to the reconstruction recemmendationfs

specifiedl by that profile.

A.3 CodecGroup profile components

=

Table A.] provides a list of defined CodecGroup profile components for V3C and respectively the allowe
values for syntax element ptl_profile_codec_group_idc.

Table A.1 — Available CodecGroup prefile components

CodecGroup ptl_profile_codec_group_idc 4CC code
AVC Progressive High 0 'avc3’
HEVC Main10 1 'hevl'
HEVC444 2 'hev1'
VVC Main10 3 'vvcl'
Reserved 4.126 -
e oot

Table A.P provides a list of the supported codec functionalities for each CodecGroup profile component.

Table A.2 <-€odecGroup profile component supported functionality

A% PrHOig;eSS“’e HEVC Main10 HEVC444 VVC Main 10 MP4RA
> > > > >
2 g Bl g gl glE] g |28 ¢
— (3™ <5 = (3] <5 = (o] <5 = ] <5 = ©| O =
< 2| g| 2 ||l e| 2| ]| g |2 2 | g 2 |2/g| 2
g =] 5 o = S o = ° = =] IS) = 2l o =
© S| @l s |8l o] % S | 3 S |38 &
1= < jw) < =) < < < - <
g 2 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 ]|v]|v v | v v |-l -] _
< 8 bit
&
= vivivi]iv]v]|v] v |v v [-]-T -
m 10 bit
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Table A.2 (continued)

AV Plr{"igﬁess“’e HEVC Main10 |  HEVC444 VVC Main 10 MP4RA
= © ) = © ) = © [5) = 5 ) = | O =
< Q. g =2 Q g = Q. g = =% g Pl ol & =2
2 21 8| 5138l gl s8] 8]¢g]| 5 g S 5 |8 g| 5
O S|o| < |8g|lvo | |8 |v|<Z] 8|0 = |8|e| <
- ASHefined
5 ISO/IEC 23090-3 _|hYy'd compo-
name - - nernt codec
g2 ISO/IEC 14496-10 ISO/IEC 23008-2 ) d
2 (Under preparation) { mapfping SEI
28 (§.2.11)
g3 Main 10
3 Progressive High am Y as Main 4:4:4 10 as VVC Mainy10 as
. P specified in e o N
= profile as specified in 1SO/IEC 23008- specified in specified in -
= ISO/IEC 14496-10 2 ISO/IEC 23008-2 ISO/IE€ 23090-3
A tick mark in Table A.2 indicates that a particular feature is supported by the defined pjrofile. A
dash symbol, i.e. "-", indicates that support of a particular featuré-is specified by means outside this
document.
All video sub-bitstreams of a V3C bitstream or a collection of V3C sub-bitstreams conform to the stream
fprmat indicated in the component codec mapping SEI (F.2211).

or ptl_profile_codec_group_idc equal to 0, all video sub=bitstreams shall conform to the strearh format
lentified by 4CC code equal to 'avc3'. The codec.ids associated with all video sub-bitstreanys in the
ctive VPS are inferred to be mapped to 'avc3.*The component codec mapping SEI message|(E.2.11),
Fhen present, shall also indicate the value of>‘avc3’ for all instances j of ccm_codec_4cc[ j | pfesent in
his SEI message.

o< O =

or ptl_profile_codec_group_idc equal to'1 or 2, all video sub-bitstreams shall conform to th¢ stream
brmat identified by 4CC code equal to*'hev1'. The codec ids associated with all video sub-bitstfeams in
he active VPS are inferred to be tnapped to 'hev1'. The component codec mapping SEI message|(F.2.11),
hen present, shall also indicate the value of ‘hev1’ for all instances j of ccm_codec_4cc[ j | present in
his SEI message.

= < o =n

or ptl_profile_codec_group_idc equal to 3, all video sub-bitstreams shall conform to the strearh format
lentified by 4CC code-equal to 'vvcl'. The codec ids associated with all video sub-bitstreanjs in the
ctive VPS are inferréd to be mapped to 'vvcl'. The component codec mapping SEI message [(F.2.11),
Fhen present, shall also indicate the value of ‘vvcl' for all instances j of ccm_codec_4cc[ j ] pfesent in
his SEI message.

o < O =

K

or ptl_prefile_codec_group_idc equal to 127, a video sub-bitstream of an atlas with atlas ID fequal to
lasID>that is associated with a particular codec id codecID, where codecID may correspond to the
alueof oi_occupancy_codec_id[ atlasID ], gi_geometry_codec_id[ atlasID ], gi_auxiliary_gdometry_

; L attri _ ; . _auxiliary attri i § [SID ][]
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[ codecID ] 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

resent I V2C hitctrnarmac conformainagtathic adition ~f+hic dosiivannmt Tho dafinad meafilac 10 Tola A 3
p V3 C-bitstreams-contormin gto-this-editionofthis-decument—The-defined-proflesintable A3

are also|characterized as either dynamic or static, depending on whether they are targeting dynamic\dr
static, i.¢. single, volumetric frame applications.

Table A.3 — Available toolset profile components

ptl_prjofile_toolset_idc | ptc_one_v3c_frame_only_flag | Toolset profile component, Type
0 V-PCC Basic Dvnamic
0 /* Specified in Annex H*/ y
1 V-PCC Basic Still Static
/* Specified inAnnex H*/
0 V-PCC Extended Dvnamic
1 /* Specifiediin Annex H*/ y
1 V-PCG Extended Still Static
/* Specified in Annex H*/
2..255 - Reserved -

A.5 Reconstruction profile components

Table A.4 provides a list of defined reconstruction-profile components for V3C and of the allowed value
for syntax element ptl_profile_reconstruction_ide. Values of ptl_profile_reconstruction_idc in the rang
of 0 to 2b4, inclusive, may be specified by a V3€ application and may depend on the value of ptl_profild
toolset_]dc. For example, for the case of ptlsprofile_toolset_idc equal to 0 or 1, which indicates a V-PC
applicatjon, subclause H.11.5 specifies reeonstruction profiles appropriate for that application.

@ wn

[N

=)

For the Rec Unconstrained reconstriction profile, the reconstruction process is outside the scope (
this dochiment.

Table’A.4 — Defined reconstruction profile components

ptliprofile_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:

d) AspsFrameSize shall be less than or equal to MaxAtlasSize, where MaxAtlasSize isspe
Table A.6.

H) vps_map_count_minusl + 1 shall be less than or equal to LevelMapCount, where LevelMap
specified in Table A.5.

d ai_attribute_count shall be less than or equal to MaxNumAttributeCount,
MaxNumAttributeCount is specified in Table A.5.

d) ai_attribute_dimension_minusl + 1 shall be less than or equal te,MaxNumAttributeDim
MaxNumAttributeDims is specified in Table A.5.

g) afti_num_tiles_in_atlas_frame_minus1 + 1 shall be less thandlMaxNumTiles is specified in T;

f) When the current atlas frame is an IDR coded atlas athfatlas_frm_order_cnt_lsb shall be eg

A.6.2 Profile specific level limits for the V3C dynamic profiles

A tier and level to which V3C bitstream conformis-are indicated by the syntax elements ptl |

and ptl_level_idc. ptl_level_idc shall be set equal to a value of 30 times the level number spe|

Table A.5.

cified in

Count is

where

5, where

hble A.6.

ual to 0.

tier_flag
cified in
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Max # of attribute dimensions

Table A.5 — General V3C or VPS related level limits

Nt |n|o
MaxNumAttributeDims
Max # of attributes
—|n || |2
MaxNumAttributeCount
Max # of maps
NN (T | FT|0|®
LevelMapCount
- SEHEEHEE
Max # RAW points per atlas SEEEES
. olo|o|ol|8
MaxNumRawPoints HEIREIEIELRS
Q¥ |o ]
- AEEHEEE
Max # EOM points per atlas SEEEE g
. o|lo|O| O
MaxNumEomPoints HEIRIEIEESE
— | N || —
olo|lo|o|SH2
. . S|o|o|o({89S
Max # of projected points peratlas |©o|o|o| o
olo|lo|lalg|8
MaxNumProjPoints SIS |Is4S SIS
N &F o | S S
olo|o(8]8]8
. o |1 OO
Max # of RAW points per second S|o|S g g g
o | OO
- oo O
MaxNumRawPointsPerSec 218|8|S|2|2
N || O
|| \O| g N | <
oleo|o(8]8]8
p o | OO
Max # of EOM points per second S|o|S g g g
o | o O
. oo | O
MaxNumEomPointsPerSec 218|8|S|3|2
N ||
|| \O| g N | <
ool O
2lg8la|o|o|S
dpsintspersecon =1 S rorototo
ipo HE8EEEE
MaxNumProjPointsPerSec S|S|2
22283
PN | H || F |
Level oln|o(n|o|n
" N|[N| NN
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Table A.5 specifies the general V3C and VPS related limits for each level of each tier.

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, NumRawPoint

sPerSec,

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.

Hor any time tl greater than or equal to t0, the variables AtlasTotalNumProjPatche
AtlasTotalNumRawPatchesPerSec, and AtlasTotalNumEomPatchesPerSec, are define
set equal to the total number of AtlasTotalNumProjPatches, AtlasTotalNumRawPatch
AtlasTotalNumEomPatches, respectively, of the atlas frames that are decoded™ for al
df t, with t1 <=t < t1 + 1 000. AtlasTotalNumProjPatches, AtlasTotalNumRawPatch
AtlasTotalNumEomPatches are specified in subclause 9.2.7.
!
C

3C bitstreams conforming to dynamic profiles at a specified tier and devél shall obey the f
onstraints for each atlas bitstream conformance test as specified in Annex E.

—+ NumProjPoints shall be less than or equal to MaxNumProjPoints,

—+ NumRawPoints shall be less than or equal to MaxNumRawPeints,

—+ NumEomPoints shall be less than or equal to MaxNumEemPoints,

1+ NumProjPointsPerSec shall be less than or equalteXMaxNumProjPointsPerSec,

4+ NumRawPointsPerSec shall be less than or equal to MaxNumRawPointsPerSec, and
4+ NumEomPointsPerSec shall be less than @r equal to MaxNumEomPointsPerSec

where MaxNumProjPoints, MaxNumRawPoints, MaxNumEomPoints, MaxNumProjPoint
NlaxNumRawPointsPerSec and MaxNumEomPointsPerSec are specified in Table A.5.

sPerSec,
d and
es, and
values
es, and

bllowing

sPerSec,
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Table A.6 — General atlas ASPS and tile related level limits

©|o|wo|XR
Max # of EOM patches per second JISIZIZIR ©
[N Rl el Nl Ne]
MaxEomPatchesPerSec N~ S
Max # of RAW patches per second JI2ILIE 5|3
olo|o|o|M|n
MaxRawPatchesPerSec IR RS
[N |
. O|N|RP|xo|n|o
ax # of projected patches persecond |m |5 (R |N|—|®
n SNBSS
M | <
MaxProjPatchesPerSec IR IR
Al ILE N PN
<+ | <
<+ | |wo|w
. NN R|X
Max atlas size N |||
||| |RR
MaxAtlasSize N|N[a|s|¢e|e
mn|wmn
N[N |CO | ™| ™
Max # number of tiles per atlas ololehe
Si2|lo|o|afo
. LI Q| |
MaxNumTiles
Max atlas bit rate olslololo|e
oo |Oo| O
()] e]
S| S o|lo|o| o
MaxAtlasBR ololola
mn| o
. . || YT 2
in 1 000 bits/s N T
) ololo|o|o|o
Max CAB size S|32(8181818
oo
MaxCABSize in 1 000 bits LIQIQ|[sx|o|®
— | N
- N T
Max # EOM patches per atlas ala o] <o
m|m|o|lo DR
— |
MaxNumEomPatches
Max # RAW patches per atlas alw ool
NN | |
REN Il R e o )
MaxNumRawPatches
. O | O
Max # projected patches per atlas 2L S| o 2@
ol o Mnimiwnm|wn
i N ||
MaxNumProjPatches NI RS R A ]
Level owienioln
[ N|[N| NN
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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.

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,

Af]qc’l‘nfn]NnmPrn}'Pnfr‘hpcherr shallbe lessthan or pqnql to quprnjpnfr‘hpcpperr"

AtlasTotalNumRawPatchesPerSec shall be less than or equal to MaxRawPatchesPerSec,
AtlasTotalNumEomPatchesPerSec shall be less than or equal to MaxEomPatchesPérSéc, an

afti_num_tiles_in_atlas_frame_minus1 + 1 shall be less than or equal to MaxNumTiles,

where MaxNumProjPatches, MaxNumRawPatches, MaxNumEomPatches, | MaxProjPatche
NlaxRawPatchesPerSec, MaxEomPatchesPerSec and MaxNumTiles are specified in Table A.6.

sPerSec,
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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.

or any time t1 greater than or equal to t0, the bit rate for each individual V3C video/sub-bitstream,
3CVideoBitRate, is defined and set equal to the total number of decoded bits for the indiviqual V3C
ideo sub-bitstream for all values of t, with t1 <=t <t1 + 1 000.

It is a requirement of V3C bitstream conformance that V3CVideoBitrate is-léss than or gqual to
axBitRatePerStream, as specified in Table A.7, for all individual V3C videg.sub-bitstreams.

Hor any time t1 greater than or equal to t0, the aggregate sample ratey AggregateLumaSr,|and the
dggregate bit rate, AggregateBitRate, are defined and set equal to _the total number of decoded luma
samples and the total number of decoded bits, respectively, across allvideo components for all yalues of
tlwithtl <=t<tl1 +1000.

[ is a requirement of V3C bitstream conformance that AggregateLumaSr and AggregateBitRate are
bss than or equal to MaxAggregateLumaSr and MaxAggregateBitRate, respectively, as spegified in
able A.7.

[y — —

or each video sub-bistream, the coded picture buffer size shall be less than or equal to the maximum
oded picture buffer size, as specified by the corresponding video codec specification. For ¢xample,
Fhen ptl_profile_codec_group_idc is equal to-0;the maximum coded picture buffer size is identified by
variable MaxCPB specified in ISO/IEC 14496-10:2014, Table A.1. When ptl_profile_codec_grotip_idc is
qual to 1 or equal to 2, the maximum cgded picture buffer size is also identified by a variable [MaxCPB
pecified in ISO/IEC 23008-2:2020, Amnnex A. When ptl_profile_codec_group_idc is equal to [127, the
erivation of the maximum coded-picture buffer size is outside the scope of this document.

o . O O < o

o

he following variables are specified:
—+ Letthe variable fR be-set equal to 1 + 1 000.

-+ Let the variable \MaxPatchSize, which represents the maximum total number of bytes that is
expected to be‘associated with all decoded elements in a patch, be equal to 40 bytes.

+ Letthe vapiable aR = AspsFrameSize + MaxAggregateLumasSr.

-+ Let agcess unit n be the n-th access unit in decoding order, with the first access unit being access
unit0 (i.e., the 0-th access unit).

—+C-Let atlas n be the coded atlas or the corresponding decoded atlas of access unit n.

— Letthe variable MaxNumSubLayersMinus1 be equal to 0.
Then the following constraints apply:
a) The value of asps_max_dec_atlas_frame_buffering_minusl + 1 shall be less than or equal to 16.

b) 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 |the values of MaxNumProjPatches, -\MaxNumRawPatches, MaxNumEomPatches and
MaxPat¢hRate are specified in Table A.6.

The sum of the NumBytesInNalUnit variables.for coded atlas access unit 0 shall be less than or equal to nB.

i)

nB = majxPatchBytes * ( AuGabRemovalTime[ n | - AuCabRemovalTime[n-11])
where MaxPatchRate is-specified in Table A.6.

The sunj of the NumBytesInNalUnit variables for access unit n shall be less than or equal to nB.

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
subglause E.3.3, shall satisfy the constraint that DabOutputinterval[ n ] is greater than or equal tp
Max( aR, fR ) provided that atlas is not the last atlas of the atlas bitstream that is output.

For the ACL HRD parameters, BitRate[ 1 ][ HtidOP ][ i ] shall be less than or equal to MaxAtlasBR fq
atldast one value of i in the range of 0 to hrd_cab_cnt_minus1[ HtidOP |, inclusive, where'BitRate[ 1
[ Ht]dOP ][ i] is specified in subclause G.3.3 based on parameters selected as specifiedin Clause E.
and|MaxAtlasBR is specified in Table A.6.

=

For the NAL HRD parameters, BitRate[ 0 ][ HtidOP ][ i ] shall be less than or equal to MaxAtlasBR fd
atldast one value of i in the range of 0 to hrd_cab_cnt_minus1[ HtidOP ], inclusive, where BitRate[ 0
[ Ht]dOP ][ i] is specified in subclause G.3.3 based on parameters selected as specified in Clause E.
and|MaxAtlasBR is specified in Table A.7.

=

For coded atlas access unit 0, let the variables maxNumPatchesnaxPatchBytes and nB be defined
as follows:

maxNumPatches = MaxNumProjPatches + MaxNumRawPatches + MaxNumEomPatches
maxPatchBytes = MaxPatchRate * MaxPatchSize

nB = Max( maxNumPatches, fR * MaxPatchRate jc*

maxPatchBytes * ( AuCabRemovalTime[ 0.] ~“AuNominalRemovalTime[ 0 ] )

For [coded atlas access unit n, with.n greater than 0, let the variables maxPatchBytes and nB bie
defiped as follows:

maxPatchBytes = MaxPatchRate * MaxPatchSize
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Annex B
(normative)

Post-decoding conversion to nominal video formats

==

0.1 General

he reconstruction process. Such processing steps may include conversion of the decoded vide
b a nominal format (e.g. a nominal resolution, bit depth, chroma format, etc.) or acconiversion o
b.g. map extraction, multi-dimensional attribute packing, etc.), as described in'Clause B.2. Th

= 0 =373 T It

he order of processing steps may not necessarily be the same as présented in Figure B.1.

—

he processes described in Annex B are invoked for decoded video components associated
ame atlas ID, identified by variable ConvAtlasID, which {5\set equal to vuh_atlas_id or det
hrough external means if the V3C unit header is unavailable.

W

This clause takes as inputs the syntax elements and upper-case variables from Clauses 8 and 9

he video frames provided by the decoder may require additional processing steps before beinginput to

b frames
peration
s clause

rovides methods of how to perform such processing steps. These may be Substituted by alternative
rocesses, which are outside of the scope of this document, that may préduce similar visual quality.
he definition of similar visual quality is outside the scope of this docunient. However, for purposes of
onformance to point B and as an example, a post-decoding operatidn’flow is presented in Figure B.1.

lwith the
ermined
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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 format and

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 depth that all
operatlons for reconstructlon are expected to be performed in. The nommal bit depth for the oc

ommalblt depth for each geometry Vldeo component GeoBltDepthNF is set equal to g1 geom

cupancy
+ 1. The
btry_2d_

Hit_depth_minus1[ ConvAtlasID ] + 1. Finally, the nominal bit depth for each attribute videg €onponent

ith attribute index attrldx, AttrBitDepthNF[ attrldx ], is set equal to ai_attribute_2d_bif_

inus1[ ConvAtlasID ][ attrldx ] + 1

[he nominal frame resolution for non-auxiliary video components is defined Gy-the nomina
ideoWidthNF, set equal to asps_frame_width, and the nominal height, VideoHeightNF, s
tp asps_frame_height. The nominal frame resolution for auxiliary videg ¢omponents is de

depth_

1 width,
bt equal
fined by

the nominal width and height specified by the variables AuxVideoWidthNF and AuxVideoHeightNF,

espectively.
[he nominal chroma format is defined to be 4:4:4.

[he nominal composition time is defined based on the timifg information of the atlas sub-b
and specified by the decoded atlas composition time, DecAtlasCompTime. The timing informati
las sub-bitstream may be provided either in the bitstieam or by external means not specifie

—~+ O Q

me for the atlas sub-bitstream is indicated according to ISO/IEC DIS 23090-10.
The conversion processes to the nominal formatare defined as follows:
+ for the occupancy video component subelause B.2.2 is invoked,

—+ for the geometry video component-subclause B.2.3 is invoked,

subclause B.2.4 is invoked, and

-+ when the number ofattributes is greater than zero, i.e. ai_attribute_count[ ConvAtlasID ]
than zero or determiited through external means if the VPS is not available, then:

— for each attribute video component subclause B.2.5 is invoked and

— ifauxiliary attribute video component is present, for each auxiliary attribute video con
subclause B.2.6 is invoked.

NOTE For checking conformance point B it is expected to follow the order of processes as describ
Lbelause, although the output of this process can also be achieved by a different combination of pro
viariations of the processes described in this subclause.

wn

tstream
bn of the
d in this

ocument. For example, for V3C bitstreams encapsulated in the ISO media file format, the composition

-+ if the auxiliary geometry video component is present, for the auxiliary geometry video comnponent

i§ greater

\ponent,

bd in this
cesses or

B.2.2 Occupancy nominal format conversion
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:

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.

To convert 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

occupangy is upscdled to the nominal resolution.

Given O¢cFramiesNF, the variable NumProjPoints is derived as follows:

140

To convert the bit depth of the decoded occupancy video frames to the required nominal bit depth,
subflause B:3.Z1s invoked for each irame index irameldx, with variables DecUccBItDepth| irameldx
DecPccHeight[ frameldx |, DecOccWidth[ frameldx ], OccBitDepthNF, and occMSBAlignFlag;jan
arrdy DecOccFrames| frameldx ][ 0 ] as inputs. The output of this process is the decoded oceupancly
frarme at the nominal bit depth, decOccFramesNBD][ frameldx ][ O ].

[

To donvert the occupancy frames to the nominal frame resolution, subclause B.3.3(sinvoked fqr
each frame index frameldx, with variables DecOccHeight[ frameldx ], DecOccWidth[ frameldx |,
Vid¢oHeightNF, and VideoWidthNF, and array decOccFramesNBD[ frameldx { 0 ] as inputs.
The| output of this process is the decoded occupancy frame at the ‘nominal resolution,
decQccFramesNR[ frameldx ][ O ].

To identify missing frames in the sequence and re-order the input,stbclause B.3.4.1 is invokefd
with variables NumDecOccFrames, occNumComp, VideoHeightNF,-and VideoWidthNF, and arrays
decPccFramesNR, DecOccOutOrdldx, and DecOccCompTime as inptits. The outputs of this procegs
are [the number of frames being output, numOutOrdOccFrames, the decoded occupancy frame
ordé¢red according to the output order index, decOccFramesQONF,a 1D array, framePresent, indicating
the presence of a frame, and a 1D array, decOccCompTimeONF, indicating the composition time af
each frame ordered according to the output order index,

[72)

To a]ign the composition times ofthe decoded occupanty framesin outputorderand the decoded atlas
frames, subclause B.3.4.2 is invoked with variables NumDecAtlasFrames, numOutOrdOccFrames,
occNumComp, VideoHeightNF, and VideoWidthNF, and arrays DecAtlasOutOrdldy,
DecAtlasCompTime, decOccFramesONF, decOccCompTimeONF, and framePresent as inputs. Thie
outputs of this process are the numbeitof frames being output, rangeCompTimeldx, the outpy
composition time of each frame, oceCompTime, and a sequence of frames in the nominal formgt
alighed with the decoded atlas composition time, OccFramesNF.

—

If asps_eom_patch_enabled_flag is equal to 0, to convert the sample values in the decode
occmpancy frames to binafy)values, subclause B.3.9 is invoked for each frame index frameld;
with variables occThreshold, OccBitDepthNF, VideoHeightNF, and VideoWidthNF, and arra
OccFramesNF|[ frameldx]|[ 0 ] as inputs. The output of this process is the updated occupancy fram¢
OccFramesNF|[ frameldx ][ O ], containing binary values only.

Lol =7

N

E In an alterhative implementation, a decoder can perform the thresholding process before thle

NumDrn}'Dninfe =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

This process converts the decoded geometry frames, DecGeoFrames, to the nominal format.

Let the variables geoNumComp, geoMultipleMapsPresentFlag, geoMapCount and geoMSBAlignFlag, be
set as follows:

geoNumComp =1
geoMultipleMapsPresentFlag = vps_multiple_map_streams_present_flag[ ConvAtlasiD ]
geoMapCount = vps_map_count_minus1[ ConvAtlasID | + 1

(an)

N

T
B

et the 1D array geoMapAbsCodingFlag be set as follows:

utput of this process is:

geoMSBAlignFlag = gi_geometry_MSB_align_flag| ConvAtlasID |

for( c=0; c < geoMapCount; c++ ) {
geoMapAbsCodingFlag| c ] = vps_map_absolute_coding_enabled_flag[ ConvAtlasID ][ c ||
}

the 5D array GeoFramesNF, the decoded geometry frames in-thé nominal format, where the
dimensions correspond to the map index, the geometry videa‘frame index, the compongnts, the
column index and the row index of the frames.

OTE The order of processes or variations of the processes.described in this annex is a suggestion. The
maps are first separated and then converted. The conversion ganshappen before the map separation, right after
decoding.

o convert the decoded geometry video to the nominal format, several processing steps may n¢ed to be
erformed depending on the original format of thé decoded video. In particular:

To convert the bit depth of the geometry frame to the required nominal bit depth refolution,
subclause B.3.2 isinvoked for each mapindex, mapldx, and each frame index, frameldx, with variables
DecGeoBitDepth[ mapldx ][ frameldx}, DecGeoHeight[ mapldx ][ frameldx ], DecGeoWidth[ mapldx ]
[ frameldx |, GeoBitDepthNF, and-geoMSBAlignFlag, and array DecGeoFrames[ mapldx ][ frameldx ]
[ 0 ] as inputs. Output of this‘process is the decoded geometry frame at the nominal bjt depth,
decGeoFramesNBD[ mapldx [fframeldx ][ O ].

To convert the frame resolution of the geometry frame to the required nominal frame refolution,
subclause B.3.3 is iivoked for each map index, mapldx, and each frame index, framelflx, with
variables DecGeoHeight[ mapldx ][ frameldx ], DecGeoWidth[ mapldx ][ frameldx ], Video%:ightNF,

and VideoWidthNF, and array decGeoFramesNBD[ mapldx ][ frameldx ][ O | as inputs. Qutput of
this process.is’the decoded geometry frame at the nominal resolution, decGeoFramesNR[ mapldx ]
[ frameldx]§0 ].

To exthact the maps, subclause B.3.1 is invoked, with variables geoMultipleMapsPredentFlag,
geoMapCount, geoNumComp, VideoHeightNF, and VideoWidthNF, and arrays NumDecGeqFrames,
fdecGeoFramesNR, DecGeoOutOrdldx, and DecGeoCompTime as inputs. Outputs of this prdcess are
the number of frames being output, rangeOutOrdldx, the decoded nominal 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 yariables geoAuxNumComp and geoMSBAlignFlag, be set as follows:

Output ¢f this process is:

NOTE The output of this process can also be achieved by a different combination of processes or variation
of the pr¢cesses described in this annex. The specification and order described«in this annex is a suggestion.

To convért the decoded auxiliary geometry video to the nominal fexmat, several processing steps maly
need to pe performed depending on the original format of the deCoded video. In particular:

geoAuxNumComp = 1
geolMSBAlignFlag = gi_geometry_MSB_align_flag[ ConvAtlasID ]

the ¥D array GeoAuxFramesNF, the decoded geometry frames in the nominal‘format, where thie
dimensions correspond to the geometry video frame index, the components; the column index angd
the row index of the frames.

[72)

To [convert the bit depth of the auxiliary geometry to the required nominal bit depth
resqlution, subclause B.3.2 is invoked for each@frame index frameldx, with variablds
DecfceoAuxBitDepth[ frameldx ], DecGeoAuxHeight| frameldx ], DecGeoAuxWidth[ frameldx |,
GeoBitDepthNF, and geoMSBAlignFlag, and array*DecGeoAuxFrames| frameldx ][ 0 ] as input$.
The| output of this process is the decoded auxiliary geometry frame at the nominal bit depth,
dec(reoAuxFramesNBD[ frameldx ][ O ].

sub¢lauseB.3.3isinvokedforeachframeindexframeldx,withvariablesDecGeoAuxHeight[frameldx|,
Dec[ceoAuxWidth[ frameldx J,". AuxVideoWidthNF, and AuxVideoHeightNF, and arra
declieoAuxFramesNBD|[ frameldx ][ 0 ] as inputs. The output of this process is the decoded auxiliarfy
geometry frame at the nomjnalresolution, decGeoAuxFramesNR|[ frameldx ][ 0 ].

To cpnvert the frame resolution of the auxiliary geometry to the required nominal frame resolutiouﬁ;

[

To ¢onvert the auxiliary geometry frame order defined by frameldx, to the required outpy
ord¢r defined by ordldx, subclause B.3.4.1 is invoked with variables NumDecGeoAuxFrames,
geoAuxNumCompyAuxVideoHeightNF, and AuxVideoWidthNF, and arrays decGeoAuxFramesNR,
Dec[GeoAuxOutQ@rdldx, and DecGeoAuxCompTime as inputs. The outputs of this process are the
nunpber of frames being output, numOutOrdGeoAuxFrames, the decoded auxiliary geometry frames
ord¢red accerding to the output order index, decGeoAuxFramesONF, a 1D array, framePresent,
indicating~the presence of a frame, and a 1D array, decGeoAuxCompTimeONF, indicating thie
conypgsition time of each frame ordered according 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.

142
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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_attribute_dimension_minus1[ ConvAtlasID ][ attrldx ] + 1
attrNumPart = ai_attribute_dimension_partitions_minus1[ ConvAtlasID ][ attrldx ] + 1

Ilet the 1D array attrPartChannelsMinusl, of size attrNumPart, be set as follows:

for( ¢ = 0; c < attrNumPart; c++) {
attrPartChannelsMinusl1|[ c] =
ai_attribute_partition_channels_minus1[ ConvAtlasID ][ attrldx ][ ']

}
I{et the 1D array attrMapAbsCodingFlag, of size attrMapCount, be set(as follows:

for( c = 0; c < attrMapCount; c++ ) {
attrMapAbsCodingFlag[ c] =
AttributeMapAbsoluteCodingEnabledFlag[ ConvAtlasID ][ attrldx ][ c ]

}

utput of this process is:

(an)

— the 7D array AttrAuxFramesNF, the decoded attribute frames in the nominal format, w
dimensions correspond to the attribute ifidex, the attribute partition index, the map in
decoded attribute video frame index, the’component index, the row index and the colum
respectively.

NOTE The order of processes or_variations of the processes described in this annex is a sugges
maps are first separated and then conyerted. The conversion can happen before the map separation, r
decoding.

To convert the decoded attribute video to the nominal format, several processing steps may neg
gerformed depending onithe original format of the decoded video. In particular:

—+ To convert thetbit depth of the attribute frame to the required nominal bit depth re
subclause B.3:2 is invoked for each attribute partition index, partldx, each map index, mapl
frameindex;frameldx,and each componentindex, compldx, with variables DecAttrBitDepth]
[ partldx>][ mapldx ][ frameldx ], DecAttrHeight[ attrldx ][ partldx ][ mapldx ][ fra
DecAttyWidth[ attrldx ][ partldx ][ mapldx ][ frameldx ], AttrBitDepthNF[ attrldy

here the
dex, the
n index,

tion. The
ght after

ed to be

solution,
dx, each
attrldx]
meldx ],

], and

attrMSBAlignFlag, and array DecAttrFrames| attrldx ][ partldx ][ mapldx ][ frameldx ][ cc

decAttrFramesNBDJ attrldx ][ partldx ][ mapldx ][ frameldx ][ compldx].

mpldx ]|

as‘inputs. Output of this process is the decoded attribute frame at the nominal bi|t depth,

— 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 ][ p

artldx |

[ 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 ]

© ISO/IEC 2021 - All rights reserved

143


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

ISO/IEC 23090-5:2021(E)

— 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 ariable attrMultipleMapsPresentFlag, attrMapCoun DecAttrNumComp| 3 dx ]
[ pprtldx ], VideoHeightNF, and VideoWidthNF, and arrays NumDecAttrFrames[ attrldx
[ partldx ], decAttrFramesNR|[ attrldx ][ partldx ], DecAttrOutOrderldx[ attrldx ][ partldx,lan
DecAttrCompTime[ attrldx ][ partldx ] as inputs. Outputs of this process are the number of frames
being output, rangeOutOrdldx[ attrldx ][ partldx ], the decoded attribute frames ordered'accordinjg
to the output order index, decAttrFramesONF[ attrldx ][ partldx ], a 1D array, framePresent[attridy]
[ paftldx ], indicating if a frame is present, and a 1D array, decAttrCompTime| attrldX ][ partldx |,
indicating the composition time of each frame ordered according to the output order index.

Ol

— To plign the composition times of the decoded attributes and the_.decoded atlas frames
sub¢lause B.3.4.2 is invoked for each attribute partition index, partldk, and each map index
mapldx, with variables NumDecAtlasFrames, rangeOutOrdldx[ attrldx ][ partldx ][ mapldx
DecAttrNumComp|[ attrldx ][ partldx ][ mapldx ], VideoHeightNF, and VideoWidthNF, and arrayj
DecAtlasOutOrdldx, DecAtlasCompTime, decAttrFramesONF[ attrldx ][ partldx ][ mapldx |
decpAttrCompTimeONF|[ attrldx ][ partldx ][ mapldx |, and¢fsramePresent| attrldx ][ partldx
[ mppldx ] as inputs. The outputs of this process are the”number of frames being outpu
rangeCompTimeldx[ attrldx ], the output composition time.ef each frame, attrCompTime[ attrldx
[ partldx ][ mapldx |, and a sequence of frames in the nominal format aligned with the decoded atla
composition time, decAttrFramesANF[ attrldx ][ partldx ][ mapldx ].

-

<~ wn < I

L
-

[ Jg—

— Toplerformdimension packingofattributes,subclause B.3.5.1isinvoked, with variablesattrNumPar
attrMapCount, rangeCompTimeldx[ attrldx> "], (attrDim-(attrNumPart-1)), VideoHeightN
Vid¢oWidthNF, and attrDim, and arrays decAttrFramesANF][ attrldx ], and attrPartChannelsMinus
as imput. The output of this process is a séquence of attribute frames with merged partitions at thie
nonjinal format, AttrFramesNF[ attrldx.}.

L
-

= <24

— To [synthesize the maps of «the attribute, subclause B.3.8 is invoked with variablg
attrMultipleMapsPresentFlag;, attrMapCount, rangeCompTimeldx| attrldx
AttyBitDepthNF[ attrldx ]/ attrDim[ attrldx ], VideoHeightNF, and VideoWidthNF, and array
AttifFramesNF[ attrldx ] and AttributeMapAbsoluteCodingEnabledFlag[ ConvAtlasID ][ attrldx ] 4
inpyts. The output of thisprocess is the updated decoded attribute frame in the nominal forma
AttifFramesNF[ attrldx", containing synthesized attribute values.

[72)

<

wn n

T

B.2.6 Auxiliary attribute nominal format conversion

This process converts the decoded auxiliary attribute frames DecAttrAuxFrames to the nominal format.

-

The profcesses described below are invoked for decoded auxiliary attribute frames associated wit
the same—a ibute— l"I' ifted—by-variabte—s X, W i i etegus o-vun_a it _. eX O

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

Let the 1D array 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.

NOTE1 The output of this process can also be achieved by a different combination of processesor viariations
of the processes described in this annex. The specification and order described in this annex is a-suggesition.

T
1

o =

o convert the decoded auxiliary attribute video to the nominal format, several processing steps may
eed to be performed depending on the original format of the decoded video. In particular:

To convert the bit depth of the decoded auxiliary attribute video frames to)the required nogninal bit
depth, subclause B.3.2 is invoked for each partition index partldx, each frame index framdldx, and
each component index compldx, with variables DecAttrAuxBitDepth{dttridx ][ partldx ][ frgmeldx],
DecAttrAuxHeight[ attrldx ][ partldx ][ frameldx ], DecAttrAuxWidth{ attrldx ][ partldx ][ frameldx],
AttrBitDepthNF[ attrldx |, and attrMSBAlignFlag, and array DecAttrAuxFrames[ attrldx ][ partldx ]
[ frameldx ][ compldx ] as inputs. The output of this process isthe decoded auxiliary attribufte frame
at the nominal bit depth, decAttrAuxFrameNBD[ attrldx }|,partldx ][ frameldx ][ frameldx |.

To convert the chroma format of the auxilidpy” attribute frame with attribufe type
DecAttrAuxType[ attrldx | equal to ATTR_TEXTURE, to the required nominal chromal format,
subclause B.3.6 is invoked for each attribute partition index, partldx, and each frame index, ftameldx,
with variables DecAttrAuxHeight[ attrldx }{~pdrtldx ][ frameldx ], DecAttrAuxWidth[ attrldx ]
[ partldx ][ frameldx ], AttrBitDepthNF[ attrldx ], DecAttrAuxChromaFormat[ attrldx ][ partldx ]
[ frameldx ], and DecAttrAuxChromaSamplingPosition[ attrldx ][ partldx ][ frameldx ], ahd array
decAttrAuxFrameNBDJ attrldx ][ partldx ][ frameldx ] as inputs. The output of this profess is a
decoded auxiliary attribute frame‘with 4:4:4 colour format, decAttrAuxFrameNCF[ gttrldx ]
[ mapldx ][ compTimeldx ].

OTE2 When asps_pixel_deinterleaving_enabled_flag is equal to 1, it is possible that the chroma format
pnversion process described insubclause B.3.6 will not work as intended or produce the desired visual quality.

To convert the frame-resolution of the auxiliary attribute to the required nominal frame refolution,
subclause B.3.3 is-invoked for each partition index, partldx, each frame index, frameldx, 4nd each
component index;-compldx with variables DecAttrAuxHeight[ attrldx ][ partldx ][ frameldx ],
DecAttrAuxWidth[ attrldx ][ partldx ][ frameldx ], AuxVideoHeightNF, and AuxVideoWidthNF,
and array<{decAttrAuxFrameNCF[ attrldx ][ partldx ][ frameldx ][ compldx ] as inpfts. The
output .of{this process is the decoded auxiliary attribute frame at the nominal repolution,
decAttrAuxFrameNR[ attrldx ][ partldx ][ frameldx ][ compldx ].

Tozdentify missing frames in the sequence and re-order the input, subclause B.3.4.1 is|invoked

for each partition index partldx, with variables NumDecAttrAuxFrames[ attrldx ][ partldx ],
DocAttrArr N o [ bt A, naxretld A AL A AL AL N T a3 d A

jTAawyaynwy ﬂul{l‘ulll\aulllpl ALLIITUA ][ lJCll Llux ], nu}\ VIUCUVVIULITINLD, daIiru nL‘lX‘v’id\,UH"ightNF,
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 tg this process are:

where numInputFrames 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

inpyt._The output of this process is a decoded auxiliary attribute frame with mprgpd partitions
AttAuxFramesNF[ attrldx ].

)

a variable multipleMapStreamsPresentFlag, indicating the presence of multiple streams,
a variable mapCount, indicating the number of maps

a variable iNumComp, indicating the number of components for€ach frame,

a variable iHeight, indicating the height of each frame,

a variable iWidth, indicating the width of each frame,

a 1I) array numFrames, of size mapCount, indicatingthe number of input frames,

a 5@} array inputFrame of size mapCount x numlnputFrames x iNumComp x iHeight x iWidth,

—

a 2 array iOutputOrderldx, of size map€eunt x numlInputFrames, indicating the output ords
indgx, and

a 2[) array iCompTime, of size mapCount x numInputFrames, indicating the composition time,

a 10} array rangeOrdldx; of size mapCount, indicating the number of frames of each map,
a 5I) array outputSamples, of size mapCount x numOutputFrames x iNumComp x iHeight x iWidtH,

a 2} array framePresent, of size mapCount x numOutputFrames, indicating the presence of a framg,

tim¢ 6feach frame,

a 2]£ artay outputCompTime, of size mapCount x numOutputFrames, indicating the compositiop

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 ) {
forH="0+f<numiramest o3+
g = i0utputOrderldx[ 0 ][ f] / ( vps_map_count_minus1[ ConvAtlasID ] + 1)
= iOutputOrderldx[ 0 ][ ] % ( vps_map_count_minus1[ ConvAtlasID ] £19
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 ][ v I{¢]
}
}else {
for( m = 0; m <= vps_map_count_minus1[ CenvAtlasID ]; m++) {
for(f=0; f < numFrames[ m |; f++) {
g = inputOrderldx[ m ][ f]
for(i=rangeOrdldx[m];i< g, i++)
framePresent[ m ][ i ].&
framePresent[ m ][ g ] =&
rangeOrdldx[ m ] =g+ 1
outputCompTime[ nr][ g ] = iCompTime[i][ f]
for( c = 0; c < iNamComp; c++ )
for(y = Q; y'<iHeight; y++)
for(x = 0; x < iWidth; x++)
outputSamples[m ][ g][c][y][x]=
inputSamples[ m [ f][c][y ][ x]
}
}
}
}
B.3.2 Bitdepth conversion
Ihputs'\to this process are:

avariable-inputBitbepthindicating the bitdepthofinputSamptes;
— 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((

hifnppfhniffprpnr‘p >0 ) £& (n]ignmpnfplng ==1 ) ) {

else

} els

} elg

}
B.3.3

Inputs t

for( y=0; y < inputHeight; y++)
for( x=0; x < inputWidth; x++ )
outputSamples[ y ][ x] = (inputSamples| y ][ x ] >> bitDepthDifference)

if( ( bitDepthDifference >0)){
for( y=0; y < inputHeight; y++)
for( x=0; x < inputWidth; x++ )
outputSamples[ y ][ x ] = Min( inputSamples[y ][ x ], (1 << nominalBitDepth)-1)
e if( alignmentFlag==1){
for( y=0; y < inputHeight; y++)
for( x=0; x < inputWidth; x++ )
outputSamples[y ][ x] = (inputSamples[ y ][ x ] << (-bitDepthDifference) )
e {

for( y=0; y < inputHeight; y++)

for( x=0; x < inputWidth; x++)
outputSamples[ y ][ x ] = inputSamples|[ y ][ x.]

Resolution conversion

b this process are:

— av
— av
— av
— av
— a2l
Output ¢
— aZzl

The vari

iable inputHeight, indicating the height of inputSamples
iable inputWidth, indicating thewidth of inputSamples

iable nominalHeight, indieating the nominal height, and
iable nominalWidth,indicating the nominal width,

array inputSamples; of size inputHeight x inputWidth.

f this processis:

array outputSamples of size nominalHeight x nominalWidth.

ables\scaleY and scaleX are derived as follows:

scal

VL it Hoiaght o o in Al Aight

o1 TP OtrICreTe O TIoH T C TS TIT

scaleX = inputWidth + nominalWidth

Then the array outputSamples is generated as follows:

for(

NOTE

y=0; y < nominalHeight; y++)
for( x=0; x < nominalWidth; x++)
outputSamples[ y ][ x ] = inputSamples[ Floor(y * scaleY ) ][ Floor( x * scaleX) ]

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 L

148

anczos 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:

— avariable numInputFrames, indicating the number of input frames,

— avariable iNumComp, indicating the number of components for each frame,

(an)

T

fi

— avariable iHeight, indicating the height of each frame,

- avariable iWidth, indicating the width of each frame,

- a 4D array inputFrames, of size numInputFrames x iNumComp x iHeight x iWidth

— a 1D array outOrdldx, of size numInputFrames, indicating the output order,indéx of each fr4
- a 1D array iCompTime, of size numInputFrames, indicating the compositjon time of each fr
utputs of this process are:

- avariable rangeOrdldx, indicating the number of output frames;

— a4D array outputFrames, of size rangeOrdldx x iNumComp % iHeight x iWidth

- a 1D array framePresent, of size rangeOrdldx, indicating the presence of a frame, and

- a 1D array outputCompTime, of size rangeOrdldx;indicating the composition time of each

his process copies the input frames to an output structure according to their output ord

and assigns to them a composition time. It al§o generates a list identifying any missing frar

bllowing applies:

rangeOrdldx = 0
for( f=0; f < numFrames; f++ ) {
ordldx = outOrdIdx[ 0 ][ f]

for(i=rangeOrdldxS:i< ordldx; i++)
framePresent[\i] = 0

framePresentf-ordldx ] =1
outputCompTime|[ ordldx | = iCompTime][ f]
for( c=0; ¢ < iNumComp; c++ ) {
fofy=0; y < iHeight; y++) {
for( x=0; x <iWidth; x++ ) {
outputFrames[ ordldx ][ c ][y ][ x ] = inputFrames[f][c][y ][ x]
}

ime, and

pme.

'rame.

er index
nes. The

¥

rangeOrdldx = ordldx + 1
}

B.3.4.2 Atlas composition time alignment

Inputs to this process are:

— avariable numAtlFrm, indicating the number of atlas frames,

— avariable 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,

— a4Dh array inpanrnmpc’ of size numlInFrames x iNnm(‘nmp X inighf x jWidth,

— a 1@} array iCompTime, of size numInFrames, indicating the composition time of each frame, and

— a 1@ array framePresent, of size numInFrames, indicating the presence of a frame.

Outputs

— avariable rangeCompTimeldx, indicating the number of output frames the numbeérof frames,
— a4[) array outputFrames, of size rangeCompTimeldx x iNumComp x iHeight& iWidth,

— a 1D array outputCompTime, of size rangeCompTimeldx, indicating the composition time af

eac

This prgcess copies the input frames to an output structure according to the relationship of thej

compos
particul

rang
inpu
for(

of this process are:

frame.

=]

ion time to that of the atlas. It then re-assigns to themthe composition time of the atlas. I
b, the following applies:

reCompTimeldx =0

tOrdldx =0

i=0; i < numAtlFrm; i++ ) {
compTimeldx = atlasOutOrdIdx[ i ]
compTime = atlasCompTime]| i ]

foundCompositionTime = 0
while( (inputOrdldx <numInFrdames ) && ( foundCompositionTime ==0) ) {
skipFrames = 0
while( ( (inputOrdldxs+‘skipFrames + 1 ) < numInFrames ) &&
( framePresentfinputOrdldx + skipFrames | ==0) )
skipFrames =skipFrames + 1

inputOrdldx=\nputOrdldx + skipFrames
if(iCompTime| inputOrdldx ] == compTime ) {
founnd€ompositionTime = 1
savedInputOrdldx = inputOrdldx
} else
if(iCompTime[ inputOrdldx | > compTime )
foundCompositionTime = 1

] L

150

CIST 1
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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inputSamples[ savedInputOrdldx [[c ][y ][ x ]

rangeCompTimeldx = compTimeldx + 1

}

1 =]
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component
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atlas
component

wo examples of alignment of the composition times of the decoded video component are pries
igure B.2 and Figure B.3.
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Figure B.2 — Example of alignment of the composition times of the decoded video component
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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
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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

— avdariable iNumFrames, indicating the number of frames,

— avdriable iNumComp, indicating the number of components for each frame,
— avdlriable iHeight, indicating the height of each frame,

— avdriable iWidth, indicating the width of each frame,

— avafriable iAttrDim, indicating the dimensions of the attribute,

— ao6[array, iFrames, of size iNumPart x iNumMaps x iNumFrames x iNum€omp x iHeight x iWidth, and

— a1} array iNumPartChannelsMinus1, of size iNumPart, indicatingithe number of channels used ip
each partition.

Output ¢f this process is:
— a 5[] array, oFrames, of size iNumMaps x iNumFrames x tAttrDim x inputHeight x inputWidth.
The arrgy oFrames is generated as follows:

outComp =0
for(jm = 0; m < iNumMap; m++) {
for( f=0; f <iNumFrames; f++) {
oCompldx =0
for( p =0; p <iNumPart; p+%)
for( ¢ = 0; c <iNumPartChannelsMinus1[p ] + 1; c++ ) {
for( h = 0; h <iffeight; 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,

— 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 array oFrames is generated as follows:

outComp = 0
for( 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++

}

}
B.3.6 Chroma up-sampling

—

his process can be invoked when an attribute with identifier ATTR_TEXTURE has three com
Pith a chroma format indicated by:decAttrChromaFormat other than 4:4:4, and the recons
ystem has selected to perform chroma format conversion to a 4:4:4 chroma format.

v <

=z

OTE1 This process can also be invoked for an individual partition of an attribute with identifi

—

other than 4:4:4.

et

hputs to this process’are:

- avariableiihputHeight, indicating the height of inputChromaSamples,
-+ avariable inputWidth, indicating the width of inputChromaSamples,

- .avariable nominalBitDepth, indicating the chroma bit depth,

ponents
truction

br ATTR_

EXTURE when that partition-has three components with a chroma format indicated by decAttrChronaFormat

— avariable chromaSamplingPosition, and
— a 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

chroma 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:
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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.

Table B.1 — 4-phase chroma resampling filter

Interpolation coefficients
Phase p
fIp,0] | fIp,1] | fIp,2] | f[p, 3]
0 0 16 0 0
1 -1 9 9 -1

NOTE 2

used, esgecially when up-sampling content of very high quality or with no compression.

The chr¢ma values are up-sampled as follows:

shif

offset =1 << (shift-1)
for(c=1;c<3;c++){
for(y = 0; y < inputHeight; y++ ) {

}
NOTE 3

reconstrjiction system can choose to store the attribute in 4:4:4 chroma format at a higher bit depth.

For othg

outside

This is essentially a "Lanczos 2" filter. Higher-precision and higher-order filters could potentidlly b

[¢)

=8

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) - &;jyRef + 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 += fs[yPhase, 0 ] * temp
usChromaSample = (usChromaSample + offset ) >> shift

outputChromaSample[ c][y ][ x] =
Clip3( 0, ( <snominalBitDepth ) - 1, usChromaSample )

Instead of “clipping the chroma output to the nominal bit depth for the attribute, a point cloud

r chrema formats or chroma sampling positions different processes could be used that are
he 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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— avariable iHeight, indicating the height of each frame,

— avariable iWidth, indicating the width of each frame,

— abD 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:

— a 5D array oFrames ofsize mnp(‘munf X nnmlnpnfprqmpc X iNnm(‘nmp X inighf x iWidth

The geometry video map synthesis process is performed as follows:

for( f = 0; f < numInputFrames; 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][£}[C][y ][x]
}

}
}else{
geoMaxValue = ( 1 << iBitDepth ) -1
for(i=0;i<mapCount; i++) {
if( mapAbsoluteCodingFlag[ i ] ==-0){
j = MapPredictorIndex[ i ]
for( c=0; c <iNumComp;5y++ ) {
for(y =0; y < iHeight; y++ ) {
for(x = 0; x €iWidth ; x++ ) {
oFramhes[i][f][c][y][x]=

oFrames[j][f][c][y][x])

}
}else({
for( c=0; c <iNumComp ; y++ ) {
for(y =0; y <iHeight; y++ ) {
for(x=0; x <iWidth ; x++) {

}

€lip3( 0, geoMaxValue, iFrames[i][f][c][y ][ x]+

oFrames[i][f][0][y][x]=iFrames[i][f][0][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
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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,

— a5 array iErames of size mnp(‘mmf X nnmlnpnfprnmpc X iNnm(‘nmp X inighf x iWidth and

— a 1@} array mapAbsoluteCodingFlag, of size mapCount.

Outputs|of this process are:

— a 5[] array oFrames, of size mapCount x numInputFrames x iNumComp x iHeight x iWidth.
The attriibute video map synthesis process is performed as follows:

for(|f = 0; 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 {
attrMaxValue = (1 << iBitDepth ) - 1
attrOffset = 1 << (iBitDepth - 1)
for(i=0;i<mapCount; i++) {
if( mapAbsoluteCodingbtag{i]==0) {
j = MapPredictorIndex|[i]
for( ¢ =0; c <iNumComp; c++)
for(y =05y < 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; y <iHeight; y++ ) {
for(x=0; x <iWidth ; x++) {

31 £1r ~1r -,
}

[ I}

oFramesH-HeHyH=
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B.3.9 Occupancy thresholding process

Inputs to this process are:

— avariable inputThreshold, indicating the threshold value,

— avariable inputBitDepth, indicating the bit depth of inputSamples,

— avariable inputHeight, indicating the height of inputSamples,

ISO/IEC 23090-5:2021(E)

A variablainnutWhdih indicatinagtho uiadih of i+ Cannlac and
ovaabre-HpHev et e ed e gt YW et o pHeoH i pre S e

-+ a 2D array inputSamples, of size inputHeight x inputWidth.

(an)

utput of this process is:
-+ a 2D array outputSamples, of size inputHeight x inputWidth.
The occupancy thresholding process is performed as follows:

lossyThreshold = 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

© ISO/IEC 2021 - All rights reserved
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Annex C
(normative)

V3C sample stream format

Cl1 G

This annex specifies syntax and semantics of a sample stream format specified for use by applications

that deli
location
H.222.0
the bit o
the LSB

The san
stream

element
syntax 9
encode

C.2 Sgmple stream V3C unit syntax and semantics

bneral

ver some or all of the V3C unit stream as an ordered stream of bytes or bits within which thie
5 of V3C unit boundaries need to be identifiable from patterns in the data, such-as’Rec. ITU-T
| ISO/IEC 13818-1 systems or Recommendation ITU-T H.320 systems. For bit-griented delivery,
der for the sample stream format is specified to start with the MSB of the fifstbyte, proceed tp
pf the first byte, followed by the MSB of the second byte, etc.

ple stream format starts with a sample stream header and consists\of a sequence of samp
V3C unit syntax structures. Each sample stream V3C unit syntaX structure contains o
named ssvu_v3c_unit_size, that specifies a size, followed by oné«w3c_unit( ssvu_v3c_unit_size|)
tructure. This v3c_unit is essentially of size ssvu_v3c_unit,size. The number of bits used tp
he element ssvu_v3c_unit_size is specified in the sample sttream header.

C.2.1 jample stream V3C header syntax

sample|stream_v3c_header( ) { Descriptor
ssvh_unit_size_precision_bytes_minus1 u(3)
ssvh_reserved_zero_5bits u(5)

}

C.2.2 Sample stream V3C unit'syntax

sample|stream_v3c_unit( )+ Descriptor
ssvu_v3c_unit_size u(v)
v3c| unit(ssvu_v3c unit_size )

}

C.2.3 S$ample stream V3C header semantics

The sample-streamV3€-headershallalwaysbe-atthe-beginning-of the-samplestreamV36-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_re

served_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 G

This annex specifies syntax and semantics of a sample stream format specified for use by application

that deli
the locat
ITU-T H
delivery]
proceed

The san
stream

element
syntax f{
encode

D.2 Sgmple stream NAL unit syntax and semantics

bneral

- n

ver some or all of the atlas NAL unit stream as an ordered stream of bytes or bits within whic
ions of atlas NAL unit boundaries need to be identifiable from patterns in the data,such as Reg¢.
222.0 | ISO/IEC 13818-1 systems or Recommendation ITU-T H.320 systems«Eor bit-oriented
the bit order for the sample stream format is specified to start with the MSB,of the first bytg,
to the LSB of the first byte, followed by the MSB of the second byte, etc.

14

ple stream format starts with a sample stream header and consists\of a sequence of samp
NAL unit syntax structures. Each sample stream NAL unit symntaX structure contains o
named ssnu_nal_unit_size, that specifies a size, followed by onénal_unit( ssnu_nal_unit_size|)
tructure. This nal_unit is essentially of size ssnu_nal_unitysizé. The number of bits used tp
he element ssnu_nal_unit_size is specified in the sample stfeam header.

D.2.1 jample stream NAL header syntax

sample|stream_nal_header( ) { Descriptor
ssnh_unit_size_precision_bytes_minus1 u(3)
ssnjh_reserved_zero_5bits u(5)

}

D.2.2 $Sample stream NAL unit'syntax

sample|stream_nal_unit( ) Descriptor
ssnu_nal_unit_size u(v)
nalfunit(ssnu_ndl_wnit_size )

}

D.2.3 Pample stream NAL header semantics

The sample-streamNALheadershal-alwaysbe-atthe beginningof the NALstream:-

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-bitstrear
and decdder conformance. In this section, a bitstream refers to an atlas sub-bitstream unless 6therwis
indicatefd.

[CHR=]

Two types of bitstreams or bitstream subsets are subject to HRD conformance~checking for thi
document. The first type, called a Type I bitstream, is a NAL unit stream containing the ACL NAL unif
and nontACL NAL units with nal_unit_type equal to NAL_FD (filler data NAL units) for all coded atlq
access upits in the atlas sub-bitstream. The second type, called a Type Il bitstreain, is a NAL unit strear]
containg, in addition to the ACL NAL units and and filler data NAL units fot-all coded atlas access unit
in the at]las sub-bitstream, at least one of the following:

v - n nun n

— addjtional non-ACL NAL units other than filler data NAL units,
— the pample stream nal header structure syntax elements, ssnh_unit_size_precision_bytes_minus1

and ssnh_reserved_zero_5bits, and all ssnu_nal_unit_size,syntax elements that form a NAL sample
stream from the NAL unit stream (as specified in AnnexD).

Figure H.1 shows the types of bitstream conformangg,;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 I 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)

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.

2) There is at least one ACL NAL unit with Temporalld equal to OpTid in BitstreamToDgecqde.
The value of Htid is set equal to opTid of TargetOp.

The hrd_parameters( ) syntax structure in the VUI of the active ASPS (or provided through some
external means not specified in this document) that applies to TargetOp isselected.

Within the selected hrd_parameters( ) syntax structure, if AtlasBitstteamToDecode is i Type |
bitstream, the hrd_sub_layer_parameters( 1, Htid ) syntax structure/that immediately follJows the
condition "if( hrd_acl_parameters_present_flag )" is selected and-the variable NalHrdModeFlag is
set equal to 0.

Otherwise (AtlasBitstreamToDecode is a Type Il bitstream), when using the ACLTestSet, the
variable NalHrdModeFlag is first set to 0. Then the.parameters corresponding to the hrd_
sub_layer_parameters( 1, Htid ) syntax structur® ‘that immediately follows the cpndition
"if( hrd_acl_parameters_present_flag )" are selected and used. Otherwise, when uging the
entireBitstreamTestSet, the variable NalHrdModeFlag is set equal to 1 and the parfameters
corresponding to the hrd_sub_layer_parameters( 0, Htid ) syntax structure that immediately
follows the condition "if( hrd_nal_parameters-present_flag )" are selected and used.

When AtlasBitstreamToDecode is a Type II bitstream and NalHrdModeFlag is equal fo 0, all
non-ACL NAL units except filler datayNAL units and all the syntax elements that form 4 sample
stream from the NAL unit stream,as specified in Annex D, when present, are discarded from
AtlasBitstreamToDecode and thé.remaining atlas bitstream is assigned to AtlasBitstreamTgDecode.

A coded atlas access unit associated with a buffering period SEI message, pré¢sent in
AtlasBitstreamToDecodé-or available through external means not specified in this ddcument,
applicable to TargetQp;-is selected as the HRD initialization point and referred to as the coded atlas
access unit 0.

For each coded-atlas access unit in AtlasBitstreamToDecode starting from coded atlag access
unit 0, thesbuffering period SEI message and the atlas frame timing SEI message, present in
AtlasBitstreamToDecode or available through external means not specified in this documgnt, that
are associated with the coded atlas access unit and applies to TargetOp, are selected.

Asyalue of SchedSelldx is selected. The selected value of SchedSelldx shall be in the rangp of 0 to
hrd_cab_cnt_minus1[ Htid ], inclusive, where hrd_cab_cnt_minus1[ Htid ] is found in the Huffering
period SEI syntax structure, as specified in E2.13

g)

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 ][ SchedSelIdx] respectlvely, in the selected buffering period SEI

coded atlas access units assoc1ated w1th the coded atlas access unit 0 are dlscarded fre
AtlasBitstreamToDecode and the remaining bitstream is assigned to AtlasBitstreamToDecods.

is more [than one option for a step, for any conformance test, only one option is chosen{All possib
combindtions of all the steps form the entire set of conformance tests. For each operation’ point under
test, the[number of bitstream conformance tests to be performed is equal to n0 * n1 *{n2 * 2 + n3 ) * n4,
where the values of n0, n1, n2, n3 and n4 are specified as follows:

— n0 ip derived as follows:
— |If AtlasBitstreamToDecode is a Type I bitstream, n0 is equal to 1.
— |Otherwise (AtlasBitstreamToDecode is a Type Il bitstream)«n0is equal to 2.

— nlip equal to hrd_cab_cnt_minus1[ Htid ] + 1.

-

— n2if the number of coded atlas access units in AtlasBitstreamToDecode that each is associated wit
a byffering period SEI message applicable to TargetOp<and for each of which both of the followinjg
conglitions are true:

— |nal_unit_type is equal to NAL_CRA, NAL_BEA_W_LP, NAL_GCRA, or NAL_GBLA_W_LP for thie
ACL NAL units.

— [The associated buffering period SEI message applicable to TargetOp has bp_irap_cab_paramg_
present_flag equal to 1.

— n3 is the number of coded atlas\access units in AtlasBitstreamToDecode that each is associated
witlh a buffering period SEI message applicable to TargetOp and for each of which one or both of thie
follgwing conditions are true:

— |nal_unit_type is notéqual to NAL_CRA, NAL_BLA_W_LP, NAL_GCRA, or NAL_GBLA_W_LP, or far
the ACL NAL units.

— |The associated buffering period SEI message applicable to TargetOp has bp_irap_cab_paramg_
presentflag equal to 0.

— n4ipequalto 1.

NOTE 1 llC LUllCDlJUlldD tU \,UllfUl IIIariccT tCDtD fUl TleC I bitbtl Calll LUIIfUl IIIarccT Cllld TleC II bitbtl CTal
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

and 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 NALHRD 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

igure E.1 for the same values of InitCabRemovalDelay| Htid [[ SchedSelldx |, BitRate| !NalHrdM
Htid ][ SchedSelldx ] and CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] for the variable bit rate ('
hrd_cbr_flag[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] equal to 0). This is because the data flow\into t
pnformance point is a subset of the data flow into the Type II conformance point and because, for the \
he CAB is allowed to become empty and stay empty until the time a next atlas frame is scheduled to
arrive. For example, when decoding a CAS that is associated with a CVS conforming to on€ ermore of th
pecified in Annex A using the decoding process specified in subclause 9.2.

| o W Y

[%2)

All AAPS, ASPS and AFPSs referred to in the ACL NAL units and the corresponding bufferin
and atlas frame timing SEI messages shall be conveyed to the HRD, in@/timely manner, eith
itstream (by non-ACL NAL units), or by other means not specified in/this document.

low

Ih Annex E and Annex F, the specification for "presence" of non-ACL NAL units that contair
ASPSs, AFPSs; buffering period SEI messages, and atlas frame timing SEI messages is also

when those NAL units (or just some of them) are conveyed tgthe atlas frame decoders (or to t
s
H

its that are actually present in the atlas sub-bitstreanrare counted.

NOTE3  As an example, synchronization of such a no*ACL NAL unit, conveyed by means other than
in the bitstream, with the NAL units that are present«n‘the bitstream, can be achieved by indicating ty
in the bitstream, between which the non-ACL NALwnit would have been present in the bitstream, had
frame encoder decided to convey it in the bitstream.

hen the content of such a non-ACL NAL unit is conveyed for the application by some mea
than presence within the bitstream, the representation of the content of the non-ACL NAL uy
quired to use the same syntax as'specified in this document.

OTE4  When HRD informatien ‘is contained within the bitstream, it is possible to verify the con
a bitstream to the requirements of this subclause based solely on information contained in the b|
hen the HRD informatiog is ot present in the bitstream, as is the case for all "stand-alone" Type I bif

cpnformance can only pe, verified when the HRD data is supplied by some other means not specifig
ocument.

he HRD contains’a coded atlas buffer (CAB), an instantaneous decoding process, a decod
uffer (DAB)fand the required output widow as shown in Figure E.2. The size of the output w
sps_frame height x asps_frame_width.

deFlag |
BR) case
he Type I
/BR case,
begin to
e profiles

b period
br in the

AAPSs,
satisfied
he HRD)

y other means not specified in this document. For the purpose of counting bits, only the appfropriate

presence
Vo points
the atlas

hs other
lit is not

ormance
tstream.
streams,
d in this

ed atlas
ndow is
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window

Output atlas data

Figure E.2 — Atlas frame HRD buffer model

[—)

For each atlas bitstream conformance test, the CAB size (number of bits) is CabSize[ !NalHrdModeFlag
[ Htid ][[SchedSelldx | as-Specified in subclause G.3.3, where SchedSelldx and the HRD parameters ar
specifiefl in this subclause. The DAB size (number of atlas frames storage buffers) is asps_max_ded_
atlas_frame_buffering_minus1 + 1.

D

The follgwing isspecified for expressing the constraints in this annex:

— Each coeded atlas access unitis referred to as coded atlas access unit n, where the number n identifigs
the particutar codedattasaccessumitCoded atlasaccess unit 6isselected perstep 4 as defiredin
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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— Dataassociated 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.

Hor each bitstream conformance test, the operation of the CAB is specified in Clause.[E.2, the
hstantaneous decoder operation is specified in Clauses 2 through 14, and the operation(of‘thg DAB is
pecified in Clause E.3.

v —-

SSand HRD information concerning the number of enumerated delivery schedules)and their associated
it rates and buffer sizes is specified in subclauses G.2.2 and G.3.2. The HRD is'initialized as gpecified
y the buffering period SEI message specified in subclauses F.2.13 and F.3.13."The removal timing of
ecoding units from the CAB and the output timing of decoded atlas frames from the DAB is dpecified
sing information in atlas frame timing SEI messages, as specified in subclauses F.2.14 and F|3.14. All
ming information relating to a specific decoding unit shall arrive prioy'to the CAB removal tirhe of the
ecoding unit.

Q. o o o O o T

—

he requirements for atlas sub-bitstream conformance are specified in Clause E.4, and the HRD is used
b check conformance of atlas sub-bitstreams as specified/in*Clause E.1 and to check conformance of
decoders as specified in Clause E.5.

(s

=z

OTE6  While conformance is guaranteed under the assumption that all “atlas frame”-rates and clqcks used
b generate the atlas sub-bitstream match exactly the yaltes signalled in the atlas sub-bitstream, in a regl system
ach of these can vary from the signalled or specifiedvalue.

D

All the arithmetic in this annex is performedwith real values, so that no rounding errors can prppagate.
Hor example, the number of bits in a CAB'just prior to or after removal of a decoding uniit is not
rlecessarily an integer.

The variable ClockTick is derivedras-follows and is called a clock tick:

ClockTick = vui_num_units.in_tick + vui_time_scale (E.1)

E.2 Operation of,coded atlas frame buffer

H.2.1 General

—]

he specifications in this subclause apply independently to each set of coded atlas frame buffer (CAB)
arameters that is present and to both the Type I and Type Il conformance points shown in Figure E.1.
heset’of CAB parameters is selected as specified in Clause E.1.

-1

E.2Z.Z 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_

© ISO/IEC 2021 - All rights reserved 167


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

ISO/IEC 23090-5:2021(E)

The timg at which the first bit of decoding unit m begins to enterthe CAB is referred to as the initigl
arrival fime initArrivalTime[ m ].

The initjal arrival time of decoding unit m is derived as follows:

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 finitial_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_nal_initial_cab_removal_offset[ Htid
[ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 1, or bp.acl/initial_cab_removal_
deldy[ Htid ][ SchedSelldx ] and bp_acl_initial_cab_removal_offset[ Htid ][SchedSelldx ], respectively,
whgn NalHrdModeFlag is equal to 0, where the buffering period SEI 1essage syntax elements are
selefcted as specified in Clause E.1.

— | —

If thie decoding unit is decoding unit O (i.e., when m is‘equal to 0), initArrivalTime[ 0 ] is set equal to (.
Othgerwise (the decoding unit is decoding unit n¥with m > 0), the following applies:

If hyd_cbr_flag[ !NalHrdModeFlag ][ Htid J{.SchedSelldx ] is equal to 1, the initial arrival time fdr
decpding unit m is equal to the final arrival time (which is derived below) of decoding unitm -1, i.¢,,

initArrivalTime[ m | = AuFinal ArrivalTime[ m - 1 ] (E.7)
Otherwise (hrd_cbr_flag[ !NalHrdModeFlag ][ Htid ][ SchedSelldx ] is equal to 0), the initial arrival
time¢ for decoding unit m is dérived as follows:
initArrivalTimefm | =

Max( AuRinalArrivalTime[ m — 1 ], initArrivalEarliestTime[ m ] ) (E.3)
whdre initAfrivalEarliestTime[ m ] is derived as follows:

The|variable tmpNominalRemovalTime is derived as follows:

= AL H 1D LM Asa DL o 1D 1. L ] £
LITPINUIIIITATRTITIIOV AT T HIT = AUNUIIIITAINTITIO VAT TIHIICT 11T | L. )

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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— Otherwise (decoding unit m is the first decoding unit of a subsequent buffering period),
initArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m | = tmpNominalRemovalTime -
( InitCabRemovalDelay[ Htid ][ SchedSelldx ] + 90000 ) (E.6)
The final arrival time for decoding unit m is derived as follows:

AuFinalArrivalTime[ m ] =

et H 1T L 1 H Lalital 1 DisD o I T Ladl | I 1110 C AC 111 E7
IIIItAIrIrivarll llllCI_ 111 J L DlLClllUlLDL 111 J . UlLl\aLCl ANAITITUIVIUUCTT 1(15 JI_ g UiV JI_ St SeIIfl X .

here sizelnBits[ m ] is the size in bits of decoding unit m, counting the bits of the ACL'NAL units and
he filler data NAL units for the Type I conformance point or all bits of the Type II bitstream for the Type
conformance point, where the Type I and Type Il conformance points are as shownin Figure |E.1.

—_— <

—

he values of SchedSelldx, BitRate[ INalHrdModeFlag ][ Htid }{ DSchedSelldx
abSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx | are constrained as follows:

, and

[an)
[—

- If the content of the selected hrd_parameters( ) syntax structures for the coded atlas ac¢ess unit
containing decoding unit m and the previous coded atlas access unit differ, the HSS select$ a value
SchedSelldx1 of SchedSelldx from among the values of SchedSelldx provided in the selecfed hrd_
parameters( ) syntax structures for the coded atlas access it containing decoding unit m that
results in a BitRate[ INalHrdModeFlag ][ Htid ][ SchedSelldx1 ] or CabSize][ !NalHrdModeFla{][ Htid |
[SchedSelldx1 ]fortheaccessunitcontainingdecodingunitm. Thevalue of BitRate[ INalHrdM¢deFlag]
[ Htid ][ SchedSelldx1 ] or CabSize[ !NalHrdModeFlag [ Htid ][ SchedSelldx1 ] may differ from the
value of BitRate[ INalHrdModeFlag ][ Htid ][ SchedSelldx0 ] or CabSize[ !NalHrdModeFlag|][ Htid ]
[ SchedSelldx0 ] for the value SchedSelldx0 of SchedSelldx that was in use for the previoys coded
atlas access unit.

-+ Otherwise, the HSS continues to «operate with the previous values of SchddSelldx,
BitRate[ !NalHrdModeFlag ][ Htid ][ “SchedSelldx ], and CabSize[ !NalHrdModeFlag ][ Htid ]
[ SchedSelldx ].

Vhen the HSS selects valuesof BitRate[ !NalHrdModeFlag ][ Htid ][ SchedSelldx ] or
abSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] that differ from those of the previous access junit, the
bllowing applies:

e W e i

— The variable BitRaté[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] comes into effect at the initial CAB
arrival time of thé current coded atlas access unit.

- The variable €abSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] comes into effect as followsg:

— Iftheiew value of CabSize[ NalHrdModeFlag ][ Htid ][ SchedSelldx | is greater than thejold CAB
size; it comes into effect at the initial CAB arrival time of the current access unit.

—~Otherwise, the new value of CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] comes infto 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 or more of the following conditions are true:

— UseAltCabParamsFlag for coded atlas access unit 0 is equal to 1.
— DefaultlnitCabParamsFlag is equal to 0.

— Othgrwise, InitCabRemovalDelay[ Htid ][ SchedSelldx | and InitCabRemovalD¢layOffset] Htid (]
[ SchedSelldx | are set equal to the values of the buffering period SEI messagé syntax elements bp
nal finitial_cab_removal_delay[ Htid ][ SchedSelldx ] and bp_nal_initial_cab<removal_offset[ Htid
[ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 1, or bpJacl_initial_cab_removal_
delqy[ Htid ][ SchedSelldx ] and bp_acl_initial_cab_removal_offset[ Htid}[[SchedSelldx ], respectivel},
whgn NalHrdModeFlag is equal to 0, where the buffering period SEl-message containing the synta
elements is selected as specified in Clause E.1, and CabDelayOffsét and DabDelayOffset are both s¢
equgl to 0.

[e—]

-+ X

The nonjinal removal time of the coded atlas access unit n fronithe CAB is specified as follows:

— If cqded atlas access unit n is the access unit with nequal to 0 (the access unit that initializes the
HRI), the nominal removal time of the access unit frem the CAB is specified by:

AuNpminalRemovalTime[ 0 ] = InitCabRemovalBDelay[ Htid ][ SchedSelldx ] + 90000 (E.9)

— Otherwise, the following applies:

(s

When c¢ded atlas access unit n is the first coded atlas access unit of a buffering period that does ng
initializ¢ the HRD, the following applies:

The nonjinal removal time of thé coded atlas access unit n from the CAB is specified by:

f( !concatenationFlag {
baseTime = AuNominalRemovalTime[ firstAtlasInPrevBuffPeriod ]
removalDélay = AuCabRemovalDelayVal
L else {
offsetTime = AuFinalArrivalTime[ n - 1 ] - AuNominalRemovalTime[n-1]
baseFime = AuNominalRemovalTime[ PrevNonDiscardableAtlasFrame ]
tremovalDelay = Max( auCabRemovalDelayDelta, (E9)
Ceil( ( InitCabRemovalDelay[ Htid ][ SchedSelldx ] + 90000 + offsetTime )
TCIOCKTICK ) )

}

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 thewalye of bp_
irap_cab_params_present_flag of the buffering period SEI message is equal ta/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 valuerof-bp_irap_cab_params_
present_flag of the buffering period SEI message is equal to 1, and UseAltCabParamgFlag for
access unit n is equal to 1.

-+ Otherwise, CabDelayOffset and DabDelayOffset are both set equal to 0.

1 When coded atlas access unit n is not the first coded atlas‘access unit of a buffering period, the
nominal removal time of the coded atlas access unit n from the CAB is specified by:

AuNominalRemovalTime[ n ] =
AuNominalRemovalTime[ firstAtlasInCurrBuffPeriod | +
ClockTick * ( AuCabRemovalDelayVal - CabDelayOffset ) (E.10)

'here  AuNominalRemovalTime| firstAtlaslnCurrBuffPeriod ] is the nominal removal [time of
he first access unit of the current bufferitig period, and AuCabRemovalDelayVal is the palue of
uCabRemovalDelayVal derived according to aft_au_cab_removal_delay_minus1[ Htid ] in the atlas
ming SEI message, selected as specified'in Clause E.1, and associated with access unit n.

=& NS o+ <

HE.3 Operation of the decoded atlas frame buffer

H.3.1 General

he specifications in-this subclause apply independently to each set of decoded atlas frame buffer (DAB)
arameters selectéd-as specified in Clause E.1.

ecoded atlas-frame that is marked as "used for reference" or is held for future output. The processes

1

B

The DAB contains atlas frame storage buffers. Each of the atlas frame storage buffers may contain a
d

specifiedin/subclauses E.3.2 and E.3.3 are sequentially applied.

H.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

HRID, such that when the value of NoOutputOfPriorAtlasFramesFlag is equal to 1, all atlas fra
storfage buffers in the DAB are emptied without output of the@tlds frames they contain, and the DAB
fullpess is set equal to 0.

— Wh
kin

E.3.3 Atlas frame output

The pro

atlas acdess unit n, AuCabRemovalTime[ n ].

When atlas frame n,has AtlasFrameOutputFlag equal to 1, its DAB output time DabOutputTime[ n ]i

derived
access u

Dab
if( fi

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 ol asps_Irame_width, asps_Irame_heignt, or asps_max_dec_atlas_iramg_
buffering_minusl1, respectively, derived for the preceding atlas frame in decoding endef,
NoOutputOfPriorAtlasFramesFlag may (but should not) be set equal to 1 by the decoddr
under test, regardless of the value of ath_no_output_of_prior_atlas_frames_flag"“of t
current coded atlas access.

NOTE Although setting NoOutputOfPriorAtlasFramesFlag equal to ath_no-eutput_of priof_
atlas_frames_flag is preferred under these conditions, it is possible for the decoder under test to s¢
NoOutputOfPriorAtlasFramesFlag to 1 in this case.

ot

— Otherwise, NoOutputOfPriorAtlasFramesFlag is set equal to ath/no_output_of_prior_atlag_
frames_flag.

value of NoOutputOfPriorAtlasFramesFlag derived for the decéder under test is applied for t

bn both of the following conditions are true for any atlas frame k in the DAB, all such atlas frames
the DAB are removed from the DAB:

atlas frame k is marked as "unused for reférénce".

—_—

atlas frame k has AtlasFrameOutputFlag’equal to 0 or its DAB output time is less than or equg
to the CAB removal time of the first'decoding unit (denoted as decoding unit m) of the currer
atlas frame n; i.e., DabOutputTimefk ] is less than or equal to AuCabRemovalTime[ m ].

(s

For each atlas frame that isremoved from the DAB, the DAB fullness is decremented by one.

resses specified inthis subclause happen instantaneously at the CAB removal time of the codefd

[72)

ps follows, where the variable firstAtlasFramelnBufferingPeriodFlag is equal to 1 if coded atla
it n is'the first access unit of a buffering period and 0 otherwise:

[72)

DatputTime[ n | = AuCabRemovalTime[ n | + ClockTick * atlasFrameDabOutputDelay
StAtlasFrameinBufferingPeriodFiag) (E11)
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.

172
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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 bitstneam that is
dutput, the value of the variable DabOutputinterval[ n ]is derived as follows:
DabOutputinterval[ n ] =
DabOutputTime[ nextAtlasFramelnOutputOrder | - DabOutputTimépyr] (E.12)

where nextAtlasFramelnOutputOrder is the atlas frame that follows atlasframe n in output order and
has AtlasFrameOutputFlag equal to 1.

HE.3.4 Current decoded atlas frame marking and storage

The current decoded atlas frame is stored in the DAB in an empty atlas frame storage buffer)|and the
)AB fullness is incremented by one. When asps_long_term_ref:atlas_frames_flag is equal to 1, this atlas
frame is marked as "used for long-term reference". Aftet/all the tiles of the current atlas frame have
Heen decoded, this atlas frame is marked as "used for short-term reference".

NOTE Unless more memory than required by the leiel limit is available for storage of decoded atlafs frames,

it is expected that decoders start storing decoded patxts of the current atlas frames into the DAB wher] the first
tlle is decoded and continue storing more decoded-Samples as the decoding process proceeds.

H.3.5 Removal of atlas frames fromrithe DAB after decoding of the current atlas frame

]

mmediately after decoding of the cutrent atlas frame, at the CAB removal time of the coded atlgs access
ynit n (containing the current atlasframe), the current decoded atlas frame is removed from the DAB,
and the DAB fullness is decreménted by one.

E.4 Bitstream confermance

oy

bitstream of coded’/data conforming to this document shall fulfil all requirements specifief in this
sjubclause.

—

he bitstream'shall be constructed according to the syntax, semantics, and constraints specifidd in this
documentigutside this annex.

TheAirst coded atlas access unit in a bitstream shall be an IRAP coded atlas frame, i.e., an IPR 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)

The valye of InitCabRemovalDelay[ Htid ][ SchedSelldx ] is constrained as follows:

1) Ifhid_cbr_flag[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] is equal to 0, the following condition shall
be tfue:

Init(abRemovalDelay[ Htid ][ SchedSelldx | <= Ceil( deltaTime90k[ n ] ) (E.14)

2) Otherwise ( hrd_cbr_flag[ NalHrdModeFlag ][ Htid ][ SchedSelldx ] is equalto 1 ), the following
conglition shall be true:

Floor( deltaTime90k[ n ]) <=
InitCabRemovalDelay[ Htid ][ SchedSelldx | <= Ceil( deltaTime90k[n ] ) (E.19)

NOT[E1 The exact number of bits in the CAB at the removal time of each atlas frame can depend o
whi¢h buffering period SEI message is selected to initializetthe HRD. Encoders are expected to take th
intolaccount to ensure that all specified constraints are obeyed regardless of which buffering period SH
meskage is selected to initialize the HRD, as the HRD candbe'initialized at any one of the buffering period SH
mesfages.

— — S

b) A CAB overflow is specified as the condition in\which the total number of bits in the CAB is greats
than the CAB size. The CAB shall never overflow.

—

c¢) When hrd_low_delay_flag[ Htid ] is equal to O, the CAB shall never underflow. A CAB underflow is
spegified as follows:

1) |[the condition in which theé*nominal CAB removal time of the coded atlas access unit m,
AuNominalRemovalTime[n ], is less than the final CAB arrival time of the coded atlas accegs
unit n, AuFinalArrivalTime[ n ], for at least one value of n.

d) The|nominal removattimes of atlas frames from the CAB (starting from the second atlas in decoding
ord¢r) shall satisfy the constraints on AuNominalRemovalTime[ n ] and AuCabRemovalTime[ n|]
explessed in Annex A.

e) Forleach current atlas frame, after invocation of the process for removal of atlases from the DAB
as specified in subclause E.3.2, the number of decoded atlas frames in the DAB, including all atlas
frarmes.nthat are marked as "used for reference”, or that have AtlasFrameOutputFlag equal to 1 and

Au AR o aualTimal n llaccthan AnCabhDamaualTimal corrAtlacBrama l vwhora cnivrrAtlacBEramn
DI CTH OV O T IO T [TCO0 Tt 1 T GO I eI OV Ot T IHitC [ Ol 1 rtittot T oiitc |5 vy ito - COTr i roiatot T atie

S
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 for 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

H.5.1 General

oY

decoder conforming to this document shall fulfil all requirements specified inthis subclause

oY

decoder claiming conformance to a specific profile, tier and level shall be able to successfully decode
Il atlas frame bitstreams that conform to the atlas frame bitstream conformance requﬂfements

specified in Clause E.4, in the manner specified in Annex A, provided that all AAPSs, ASPSs and AFPSs
ferred to in the ACL NAL units and appropriate buffering period-and atlas frame timing SEI nmessages
re conveyed to the decoder, in a timely manner, either in the bijtstream (by non-ACL NAL units), or by
ternal means not specified in this document.

hen an atlas sub-bitstream contains syntax elements_that'have values that are specified as reserved
nd it is specified that decoders shall ignore values of the syntax elements or NAL units containing the
syntax elements having the reserved values, and the\atlas sub-bitstream is otherwise conforming to
this document, a conforming decoder shall decode“the atlas sub-bitstream in the same manper as it
ould decode a conforming atlas sub-bitstream ahd shall ignore the syntax elements or the NAL units
ntaining the syntax elements having the reserved values as specified.

here are two types of conformance that can be claimed by an atlas frame decoder: output timing
nformance and output order conforimance.

o check conformance of an atlas\frame decoder, test bitstreams conforming to the claimed prgfile, tier
nd level, as specified in Clause E.4 are delivered by a hypothetical atlas frame stream scheduler (HSS)
oth to the HRD and to the-atlas frame decoder under test (DUT). All decoded atlas frames opitput by
the HRD shall also be output by the DUT, each decoded atlas frame output by the DUT shall be|an atlas
frame with AtlasFrameQutputFlag equal to 1, and, for each such decoded atlas frame output by the DUT,
the information associated with all atlas tiles and patches that are output shall be equivalent to the
information assoCiated with the atlas tiles and patches produced by the specified atlas frame decoding
rocess.

or output timing atlas frame decoder conformance, the HSS operates as described above, with|delivery
sichedules:selected only from the subset of values of SchedSelldx for which the bit rate and CAB|size are
stricted as specified in Annex A for the specified profile, tier and level or with "interpolated"|delivery
schedules as specified below for which the bit rate and CAB size are restricted as specified in Annex A.
['he same delivery schedule 1S used for both the HRD and the DU T-

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 specified as
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]) (E.16)
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c(r) = a* CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] +

f(r)

(1-a)* CabSize[ INal[HrdModeFlag ][ Htid ][ SchedSelldx - 1 ] (E.17)

= a * InitCabRemovalDelay[ Htid ][ SchedSelldx | *

BitRate[ INalHrdModeFlag ][ Htid ][ SchedSelldx ] +

(1-a) *InitCabRemovalDelay[ Htid ][ SchedSelldx -1 ] *

BitRate[ !NalHrdModeFlag ][ Htid ][ SchedSelldx - 1] (E.18)
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ate[ INalHrdModeFlag ][ Htid ][ SchedSelldx -1 ] <=r
<= BitRate[ NalHrdModeFlag ][ Htid ][ SchedSelldx ]

t r and c( r ) are within the limits as specified in Annex A for the maximum bit rate)and buffe
he specified profile, tier and level.

—

InitCabRemovalDelay[ Htid ][ SchedSelldx ] can be different from one buffering-period to another and
re-calculated.

ut timing atlas frame decoder conformance, an HRD as described above is used and the timirl:E
to the delivery time of the first bit) of atlas frame output is the same for both the HRD and t
Lo a fixed delay.

ut order atlas frame decoder conformance, the following applies:

HSS delivers the bitstream AtlasBitstreamToDecodeto the DUT "by demand" from the DU’
ning that the HSS delivers bits (in decoding order) ‘enly when the DUT requires more bits t
feed with its processing.

[©Jnar]

This means that for this test, the coded atlas-buiffer of the DUT could be as small as the size of the
pcoding unit.

pdified HRD, as described in subclause 'E.5.2, is used, and the HSS delivers the bitstream to thie
by one of the schedules specified.ifithe atlas frame bitstream, AtlasBitstreamToDecode, such
the bit rate and CAB size are resftricted as specified in Annex A. The output order of atlas frames

HRD CAB size is given by CabSize[ INalHrdModeFlag ][ Htid ][ SchedSelldx ], as specified i
[lause G.3.3, where SchedSelldx and the HRD parameters are selected as specified in Clause E.
DAB size is given by‘asps_max_dec_atlas_frame_buffering_minus1 + 1. Removal time from th
for the HRD is the\final bit arrival time and decoding is immediate. The operation of the DAB ¢
HRD is as described in subclauses E.5.2 through E.5.2.3.

P o R

Dperation‘of the output order DAB

Geéneral

The dec

oded atlas Irame buflfer contains atias Irame storage buifers. kEach of tThe atlas Irame 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) The decoding process for RAFL as specified in subclause 9.2.4.3, is invoked.

b) Ifthe current picture is an IRAP coded atlas frame with NoOutputOfPriorAtlasFramesFlag equal to
1 thatis not atlas frame 0, the following ordered steps are applied:

1) The variable NoOutputOfPriorAtlasFrameFlag is derived for the decoder under tést'as|follows:

i) Ifthe current atlas frame is CRA atlas frame, NoOutputOfPriorAtlasFramgsFlag is et equal
to 1 (regardless of the value of ath_no_output_of prior_atlas_frames flag).

ii) 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, ef(asps_max_dec_atlag_frame_
buffering_minusl, respectively, derived from the ASPS™active for the preceding atlas,
NoOutputOfPriorAtlasFramesFlag may (but should ndt))be set equal to 1 by the|decoder
under test, regardless of the value of ath_no_output_of _prior_atlas_frames_flag of the
current atlas frame.

iii) Otherwise, NoOutputOfPriorAtlasFramesFlag@/is’set equal to ath_no_output_of_pripr_atlas_
frames_flag if the current coded atlas access.unit.

NOTE Although, under these conditions, setting NoOutputOfPriorAtlasFramesFlag equgl to ath_
no_output_of prior_atlas_frames_flag of the*current coded atlas frame is preferred, it is possible for the
decoder under test to set, in this case, NoQutputOfPriorAtlasFramesFlag equal to 1.

2) The value of NoOutputOfPriorAtlasFramesFlag derived for the decoder under test is applied for
the HRD as follows:

i) If NoOutputOfPriorAtlasFramesFlag is equal to 1, all atlas frame storage buffeys in the
DAB are emptied withiout output of the atlas frames they contain, and the DAB fyllness is
set equal to 0.

ii) Otherwise (NoOutputOfPriorAtlasFramesFlag is equal to 0), all atlas frame|storage
buffers containing atlas frames that are marked as "not needed for output” and ['unused
for reference” are emptied (without output) and all non-empty atlas frame|storage
bufférs in the DAB are emptied by repeatedly invoking the "bumping" process sp€cified in
subclause E.5.2.4 and the DAB fullness is set equal to 0.

d Otherwise (the current atlas frame 1is not an IRAP coded atlas frame with
NoQOutputBeforeRecoveryFlag equal to 1), all atlas frame storage buffers containing atla$ frames
which are marked as "not needed for output” and "unused for reference” are emptied (without
output). For each atlas frame storage buffer that is emptied, the DAB fullness is decrem¢nted by
one. The "bumping” process specified in subclause E.5.Z.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 thap
asp$_max_dec_atlas_frame_buffering_minus1 + 1.

E.5.2.4 | "Bumping” process
The "bumping" process consists of the following ordered steps:

a) The| atlas frame that is first for output is selected as the one having the smallest value qf
AtldsFrmOrderCntVal of all atlas frames in the DAB is marked as "needed for.gutput”.

b) Thelatlas frame is output, and the atlas frame is marked as "not neede@for output".

c¢) Whg¢n the atlas frame storage buffer that included the atlas frame that was output contains an atlals
frame marked as "unused for reference”, the atlas frame storage buffer is emptied.

NOTE For any two atlas frames atlasFrameA and atlasFrameB that belong to the same CAS and are outputb
the "bun]ping process"”, when atlasFrameA is output earlier than atlasFrameB, the value of AtlasFrmOrderCntV;3
of atlasFrameA is less than the value of AtlasFrmOrderCntVal of@tlasFrameB.

—<
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Annex F
(normative)

Supplemental enhancement information

.1 General

his annex specifies syntax and semantics for SEI message payloads associated with an.atlas, ic
ith an atlas ID, SeiAtlasID, which is set equal to vuh_atlas_id or determined through external
the V3C unit header is unavailable.

EI messages assist in processes related to decoding, reconstruction, display, er other purpo
nnex defines two types of SEI messages: essential and non-essential.

Non-essential SEI messages are not required by the decoding process,*Conforming decoders
equired to process this information for output order conformance:te-this document (see Anij
he specification of conformance).

o =

5 also satisfied when those messages (or some subset ofythem) are conveyed to decoders (d
RD) by other means not specified in this document.:"When present in the bitstream, non-g
El messages shall obey the syntax and semantics specified in subclause 8.3.8 and this anne
he content of a non-essential SEI message is conveyed for the application by some means ot
resence within the bitstream, the representation of the content of the SEI message is not req
se the same syntax specified in this annex. Fér‘the purpose of counting bits, only the approp
hat are actually present in the bitstream are‘counted.

o o ot o e e

wal

ssential SEI messages are an integral part of the V3C bitstream and should not be removed f
itstream. The essential SEI messages-are categorized into two types, based on the conformar
hey are related to, as specified id Annex A.

[milow

d) Conformance point A, named as Type-A, essential SEI messages: These SEIs contain infqg
required to check bitstream conformance and for output timing decoder conformance. Ey
decoder conforming\te point A should not discard any relevant Type-A essential SEI mess
shall consider them/for bitstream conformance and for output timing decoder conformanc

h) Conformaneepoint B, named as Type-B, essential SEI messages: V3C decoders that wish to
to a partictlar reconstruction profile as specified in Annex A should not discard any
Type-B ‘essential SEI messages and should consider them for volumetric frame reconstruc
confermance purposes.

lentified
means if

bes. This

are not
ex A for

h subclause E.5.2 including its subclauses, specification fof¢presence of non-essential SEI mpessages

r to the
pssential
x. When
her than
uired to
iate bits

rom the
ce point

rmation
ery V3C
hges and

h

conform
relevant
tion and

Tlable E1 lists the essential and non-essential SEI messages. In case of essential SEI messages, the type
i$ also specified.
Table F.1 — Essential and non-essential SEI messages
SEI message NAL Type Conformance Type
. NAL_PREFIX_NSEI/ NAL_
Filler payload SEI SUFFIX_NSEI N/A
. . NAL_PREFIX_NSEI/ NAL_
User data registered by Recommendation ITU-T T.35 SUFFIX_NSEI N/A
. NAL_PREFIX_NSEI/ NAL_
User data unregistered SUFFIX_NSEI 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 N
Scene object information NAL_PREFIX_NSEI NA O
Object label information NAL_PREFIX_NSEI N/A | q/\)
Patch information NAL_PREFIX_NSEI NA}O )
Volumetric rectangle information NAL_PREFIX_NSEI
Atlas object association NAL_PREFIX_NSEI A ON/A
Buffering period NAL_PREFIX_ESEI P C) v Type-A
Atlas frame timing NAL_PREFIX_ESEI ,‘\§</ Type-A
Viewport camera parameters NAL_PREFIX_NSEI C&‘)\ N/A
Viewport position NAL_PREFIX_NSELk N/A
Decoded atlas information hash NAL_SUFFIX_QSE‘T) N/A
Time code NAL_PREEEX.NSEI N/A
pttribute transformation parameters NAL_PR&EE(_NSEI Type-B
Occupancy synthesis NALﬂi‘Q‘EFIX_ESEI Type-B
Geometry smoothing l\Q(b“_JPREFIX_ESEI Type-B
Attribute smoothing AQ\IAL_PREFIX_ESEI Type-B
¥
F.2 SEI payload syntax QO
&
F2.1 General SEI message syntax( )
a .
sei_payload( payloadType, payloa{d@\e ){ Descriptor
if(( nal_unit_type == NAL_P@E\P{IX_NSEI ) || (nal_unit_type == NAL_PREFIX_ESEI )) {
if( payloadType =-—d£9) )
buffering_/@éﬁ( payloadSize )
else if( pay]@‘d/”}ype ==1)
atlags- \me_timing( payloadSize )
else @ayloadType ==2)
,.’Qf\ﬁl‘er_payload( payloadSize )
else i payloadType ==31

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)

component_codec_mapping( payloadSize )

else if( payloadType ==12) (,\(

scene_object_information( payloadSize )

else if( payloadType == 13 ) Al

object_label_information( payloadSize ) _ ‘];’

else if( payloadType == 14) \(,y

patch_information( payloadSize ) @)

else if( payloadType == 15)

volumetric_rectangle_information( payloadSize ) (5\

else if( payloadType == 16 ) o)

atlas_object_association( payloadSize ) \\({ -

else if( payloadType == 17) \\}\‘

viewport_camera_parameters( paqua@Size )

else if( payloadType == 18 ) \QV

viewport_position( payloadSié@?"

else if( payloadType == 64) +«O

attribute_transforma‘gj@kparams( payloadSize ) /* Specified in Annex H */

else if( payloadType == 65))

occupancy_syng\géi‘s( payloadSize ) /* Specified in Annex H */

else if( payload"[)z@\:‘: 66)

geometry_ﬁhljoothing( payloadSize ) /* Specified in Annex H */

else if( pg}@éﬁype ==67)

at@@fe_smoothing( payloadSize ) /* Specified in Annex H */

els&?‘v

\Q‘reserved_sei_message( payloadSize )

P
Celse {

/*(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

byte_alignment( )

} N
} (‘(‘\Iq/
F.2.2 Filler payload SEI message syntax Qf’.) ’
filler_pgyload( payloadSize ) { Ao$'1)escriptor
for( k = 0; k < payloadSize; k++) C " v
ff_byte /* equal to OxFF */ & £(8)

} O

<’

F.2.3 User data registered by Recommendation ITU-T T.35 Slig\l}'lessage syntax
user_data_registered_itu_t_t35( payloadSize ) { ) Descriptor
itu]t_t35_country_code X ‘\\\ K b(8)

if(ifu_t_t35_country_code != 0XFF) O, N
i=1 N
els¢ { .‘Q)Q‘
itu_t_t35_country_code_extension_by{é\\ b(8)
i=2 N
} Y
do . V
itu_t_t3 5_payload_byter\$\ b(8)
i++ C)V
} while(i < payloadSizp.p )
} N
F.2.4 User data?g?egistered SEI message syntax
user_daFa_qq@l‘gtered( payloadSize ) { Descriptor
uuifd_iso iec_11578 u(128)
ford i :/10, T<paytoadSize; 7+
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

eserved_sei_message( payloadSize ) {

Des¢riptor

for(i=0;i<payloadSize; i++)

reserved_sei_message_payload_byte H(8)
H2.8 SEI manifest SEI message syntax
ei_manifest( payloadSize ) { Desdriptor
manifest_num_sei_msg_types u(16)
for(i=0;i< manifest_num_sei_msg_types; i++ ) {
manifest_sei_payload_type[i] u(16)
manifest_sei_description]i | u(8)

H2.9 SEI prefix indication SEI message syntax

ei_prefix_indication( payloadSize ) { Des¢riptor
prefix_sei_payload_type u[16)
num_sei_prefix_indications_minus1 u(8)
for(i=0;1i<=num_sei_pfefix_indications_minus1; i++) {
num_bits_in_prefix_indication_minus1[i|] u[16)
for(j = 0; j <snum_bits_in_prefix_indication_minusl[i [; j++)
sei_prefix_data_bit[i][j] y(1)
while(Abyte_aligned() )
byte_alignment_bit_equal_to_one /* equal to 1 */ (1)
}
E2:10-Activesub-bitstreams- SEHnessage 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(l) ,
if( 'asb_all_maps_active_flag) { ‘(\‘l/ )
asb_active_map_count_minus1 (fﬁ(l@‘)'
for(i=0;i<=asb_active_map_count_minus1 ) JiNY -
asb_active_map_idx[i] O‘Q‘[O u(4)
} -V
} &
} o
) 2
o
F.2.11 Component codec mapping SEI message syntax <<
oY)
comporlent_codec_mapping( payloadSize ) { ‘\\‘( Descriptor]
ccn_component_codec_cancel_flag . u(1)
if( lccm_component_codec_cancel_flag ) { QO
ccm_codec_mappings_count_minusl - u(8)
for(i=0;i<= ccm_codec_mappings_count\\r‘ﬁinusl; i++){
ccm_codec_id . xO u(8)
ccm_codec_4cc[ ccm_codec. {@v st(v)
} A
} R
} >
F.2.12 Yolumetric anréQ‘ngn SEI message family syntax
F.2.12.1| Scene obi@@lformation SEI message syntax
scene_abject_@)r‘nation( payloadSize ) { Descriptor
soi__pe,(si%?ence_ﬂag u(1)
soi__r%ét_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 N

soi_priority_present_flag=0

soi_object_hidden_present_flag = 0 (A( 2
soi_object_dependency_present_flag = 0 Y -
soi_visibility_cones_present_flag = 0 Al \~
soi_3d_bounding_box_present_flag =0 _ ‘];’
soi_collision_shape_present_flag = 0 \</>)
soi_point_style_present_flag =0 O\V
soi_material_id_present_flag = 0 X \(Ov

soi_extension_present_flag = 0

7/
} o)
if( soi_3d_bounding_box_present_flag) { &

soi_3d_bounding_box_scale_log2 K\)\ ! u(5)
} g
soi_log2_max_object_idx_updated _{\Qi?fusl u(5)
if( soi_object_dependency_present\i\‘@g )
soi_log2_max_object_depéndency_idx u(5)
for(i=0;i< soi_num_oqug@pdates; i++){
soi_object_idx[i] ()" U(v)
k= soi_object_ig&{;i‘]
soi_obiect_/cz@:\él_flag[ k] u(1)
ObjectTr@e}é’ﬂ[ k ] =!soi_object_cancel_flag[ k ]
if( !soilobject_cancel_flag[ k]) {
(\i@goi_object_label_present_flag) {
&v soi_object_label_update_flag[ k | u(1)
\Q‘ if( soi_object_label_update_flag[ k] )
™ soi_object_label_idx[ k] up(v)
ER
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(l) ,.
if( soi_visibility_cones_update_flag[ k ]) { ‘(\Q/ )
soi_direction_x[ k | d(ll@)l
soi_direction_y[ k ] QY 'ifl6)
soi_direction_z[ k| 37 i(1e)
soi_angle[ k ] _ (]/J u(16)
} <
) oM
if( soi_3d_bounding_box_present_flag ) { X \(Ov
soi_3d_bounding_box_update_flag[ k ] P (5\ u(1)
if( soi_3d_bounding_box_update_flag[ k ]) {A<'3\<
soi_3d_bounding_box_x[ k| \\({ - ue(v)
soi_3d_bounding_box_y[ k] K\)\ ! ue(v)
soi_3d_bounding_box_z[ k] Q(\Q) ue(v)
soi_3d_bounding_box_size .gX[\k ] ue(v)
soi_3d_bounding_box_s\'\z@_y[ k] ue(v)
soi_3d_bounding_boxX_size_z[ k ] ue(v)
} .oF
} o
if( soi_collision_shape_present_flag ) {
soi_collisip.lO};ape_update_flag[ k] u(1)
if(soi_cql-l{§'(§n_shape_update_flag[ k1)
soicollision_shape_id[ k | u(16)
e
ifggjvpoint_style_present_flag) {
)" soi_point_style_update_flag[ k| u(1)
P VY if( soi_point_style_update_flag[ k] ) {
d)\ ) 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)
}
}
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}
}
}
F.2.12.2 Objectlabel information SEI message syntax
object_label_information( payloadSize ) { Descriptor
oli_cancel flag u(1)
if( !oli_cancel_flag ) { aN\
oli_label_language_present_flag QY uy(1)
if( oli_label_language_present_flag) { {() ¥
while( !byte_aligned()) oY
oli_bit_equal_to_zero /* equal to 0 */ n('b\) (1)
oli_label_language Cy v sit(v)
} N
oli_num_label_updates (-AO\ ue(v)
for(i=0;i<oli_num_label_updates;i++){ \\J
oli_label_idx[ i ] s ue(v)
k = oli_label_idx[ i ] o)
oli_label_cancel_flag[ k | N 4(1)
LabelSetFlag[ k] = !oli_label_cancel_flgg?ﬂ{]
if( loli_label_cancel flag[k]){  =C
while( 'byte_aligned()) . o.®
oli_bit_equal_to_zero\/* equal to 0 */ f(1)
oli_label[ k | G st(v)
} e
} -
oli_persistence_f 4y(1)
} Q”

I"O
\

N\
H2.12.3 Patcl@)rmation SEI message syntax
=

)atch_ir}@g%z‘ation( payloadSize ) { Des¢riptor
pi vsistence_ﬂag y(1)
c/}i_reset_flag y(1)
in_uulu_tilc_updaica 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 N
for(n=0; n <m; n++) ‘(\‘V
pi_patch_object_idx[j][p][n] cu()
} I
} K\
} -V
) R0
¢
F.2.12.4{ Volumetric rectangle information SEI message syntax \%O
&
volumefric_rectangle_information( payloadSize ) { O Descriptor
vri|persistence_flag OO\ u(1)
vri|reset_flag \\\‘ u(1)
vri|num_rectangles_updates oj\v ue(v)
if( yri_num_rectangles_updates > 0 ) { A\"Qv
vri_logZ_max_object_idx_tracked_minqs&@ u(5)
vri_log2_max_rectangle_idx_updated_ minus1 u(4)
} \L\U
for(k = 0; k < vri_num_rectangles_ ’pqgﬂ}ss; k++) {
vri_rectangle_idx[ k ] L u(v)
p = vri_rectangle_idx[ k ],-\@ )
vri_rectangle_cancel @}é[ pl u(1)
if( !vri_rectangle_g_a'e@ltf]ag[ p1){
vri_boundiéﬁox_update_flag[ pl u(1)
if( vri_bafinding_box_update_flag[p]) {
y\n@?mnding_box_top[ pl u(v)
vri_bounding_box_left[p | u(v)
4\ vri_bounding_box_width[p ] u(v)
“O __ 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 ] y(6)
for(i=0;i<aoa_num_updates;i++) {
aoa_object_idx[i] y(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)
}
}
H.2.13 Buffering period SEI message syntax
buffering_period( payloadSize ) { Descriptor
bp_nal_hrd_params_present_flag u(1)
bp_acl_hrd_params_present_flag u(1)
bp_initial_cab_removal_delay length_minus1 u(5)
bp_au_cab_removal_delay_length_minus1 u(5)
bp_dab_output_delay_length_minus1 u(5)
bp_irap_cab_params present_flag u(1)
if( bp_irap_cab_paramis_present_flag ) {
bp_cab_delay-offset y(v)
bp_dab_delay _offset y(v)
}
bp_cencatenation_flag u(1)
bptatlas_cab_removal_delay_delta_minus1 y(v)
bp_max_sub_layers_minus1 y(3)
forti+=-0<=bp-max—sub—tayers—mintsti++3<
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 ) { N
bp_acl_initial_alt_cab_removal_delay[i][]j ] u( )
bp_acl_initial_alt_cab_removal_offset[i][] ] (fﬁ(‘(jl
} Il
} o
} -V
} <
} o
. S
F.2.14 Atlas frame timing SEI message syntax X
(/
atlas_frpme_timing( payloadSize ) { AO\ Descriptor
if( (abDabDelaysPresentFlag ) { ‘\\‘(
for(i=0;i<=bp_max_sub_layers_minusl; i++ ) { h‘\\)
aft_au_cab_removal_delay_minus1[i|] \‘0‘0 u(v)
aft_dab_output_delay[i] PR u(v)
} N
} Y
} ‘&\\(')V‘~
F.2.15 Viewport SEI messages fg@ily syntax
F.2.15.1] Viewport camera paﬁmeters SEI messages syntax
viewpo rt_camera_parapa}i@rs( payloadSize ) { Descriptor
vcp_camera_id AOvJ u(10)
vcp_cancel_ﬂ u(1)
if( vcp_camﬂa:id > 0 && !vep_cancel_flag ) {
vcgr?e}rsistence_flag u(1)
\@_‘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
yiewport_position( payloadSize ) { Dés¢riptor
vp_viewport_id («Qvue(v)
vp_camera_parameters_present_flag (Q . u(1)
if( vp_camera_parameters_present_flag ) ,\OS\S
vp_vcp_camera_id n('b\) u[10)
vp_cancel_flag C, v u(1)
if(! vp_cancel_flag) { \{</v
vp_persistence_flag C 3 u(1)
for(d=0;d<3; d++) N7
vp_position[d] & O fl[32)
vp_rotation_gx OO\ i(16)
vp_rotation_qy \\\‘ i(16)
vp_rotation_qz - \d i(16)
vp_center_view_flag A\"Qv u(1)
if( ! vp_center_view_flag) . O.Q\
vp_left_view_flag AN u(1)
} \L\U
1 e
o

H2.16 Decoded atlas inf@lilation hash SEI message syntax

1ecoded_atlas_informjt@x\lihash( payloadSize ) { Des¢riptor
daih_cancel_f]@é) ) u(1)
if( !daih_ca,rl@fﬁag) {
dail@\d‘sistence_ﬂag u(1)
@?ﬂmsh_type 4(8)
ﬁh‘ h_decoded_high_level_hash_present_flag u(1)
’\Y daih_decoded_atlas_hash_present_flag u(1)
daih—decoded—atlas_b2p-hash-presentflag d(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 )
© ISO/IEC 2021 - All rights reserved 191


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

ISO/IEC 23090-5:2021(E)

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( ) N
for(t=0; t <= daih_num_tiles_minus1; t++ ) { ‘(\‘l/ )
j = daih_tile_id[ t ] oV
if( daih_decoded_atlas_tiles_hash_present_flag) K %
decoded_atlas_tile_hash( daih_hash_type,j) O‘Q;O
if( daih_decoded_atlas_tiles_b2p_hash_present_flag) _ ‘];’
decoded_atlas_tile_b2p_hash( daih_hash_type,j) \</>)
} o
) 2
} , O
} o)
F.2.16.1] Decoded high level hash unit syntax s\\)
Qs
decodedl_high_level_hash( hashType ) { ‘\"Qv Descriptor
if( BashType == 0) oY
for(i=0;i<16;i++) AA\V
daih_high_level md5[i] 7 b(8)
els¢ if( hashType==1) ,_\\CJ\
daih_high_level_crc A u(16)
els¢ if( hashType ==2) A@ )
daih_high_level_checksum u(32)
} O
N
F.2.16.2( Decoded atl@%sh unit syntax
&
decodeqi_atlas_:r{h&?ash( hashType ) { Descriptor
if( HashType==0)
f N‘zo;i<16;i++)
—dath—atlas-md5++ b{83
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) aN
daih_atlas_b2p_checksum pg “u [32)
] o
R2.16.4 Decoded atlas tile hash unit syntax (bQO")
a);
lecoded_atlas_tile_hash( hashType,j) { Vs /C) Des¢riptor
if( hashType==0) r\\\v
for(i=0;i<16;i++) \%V
daih_atlas_tile_md5[j][i] ) H(8)
else if( hashType ==1) (-\<<
daih_atlas_tile_crc[j ] N QV u[16)
else if( hashType ==2) k\>\\
daih_atlas_tile_checksum[j] @& u[32)
) Qs

>

.\Q)
K2.16.5 Decoded atlas tile b2p hash u&ilxsyntax
X

lecoded_atlas_b2p_hash( hashTyRe\q\F { Des¢riptor
if( hashType ==0) ) [N
for(i=0;i<16;i++J\
daih_atlas_tile) b2p_md5[j ][ i ] H(8)
else if( hashType == 1)
daih_atlas_tile_b2p_crc]j] u[16)
else ilf\@hType ==2)
@éﬁl_atlas_tile_bzp_checksum[ il u(32)
] AQ\
?)
H 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(l)
if( minutes_flag) {
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( fime_offset_length > 0)
time_offset_value i(v)
}
F.3 SEI payload semantics
F3.1 (eneral SEI payload semantics
sp_reserved_payload_extension_data shall'not be present in bitstreams conforming to this editioh
of this dlocument. However, decoders donforming to this edition of this document shall ignore thie

presence and value of sp_reserved_payload_extension_data. When present, the length, in bits, of sg_
reservedl_payload_extension_data-is;equal to 8 * payloadSize - nEarlierBits - nPayloadZeroBits -
where nEarlierBits is the number-of bits in the sei_payload( ) syntax structure that precede the sy_
_payload_extension datd syntax element and nPayloadZeroBits is the number of payload_bit_
_zero syntax elements’at the end of the sei_payload( ) syntax structure.

reserve
equal_td

NOTE 1
of wheth

The sem
for each

SEI messages¢with the same value of payloadType are conceptually the same SEI message regardles
br they are cofitained in prefix or suffix SEI NAL units.

antics and/persistence scope for each SEI message are specified in the semantics specificatio
particular SEI message. Unless indicated otherwise, all defined SEI messages and thel

L,

%)

=]

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 g
Rec. ITU-T T.35 Unspecified
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Table F.2 (continued)

021(E)

SEI message Persistence scope
User data unregistered Unspecified
Recovery point Specified by the syntax of the SEI message
Decoded 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
SEITmanifest T e Temainder of The bItStream
SEI prefix indication The remainder of the bitstream
. . The remainder of the bitstream or until a new active‘attributes SEI
Active sub-bitstreams
message
. The remainder of the bitstream or until a new@ctive attributes SEI
Component codec mapping
message
Scene object information Specified by the syntax of the SEI message
Object label information Specified by the syntax¢f the SEI message
Patch information Specified by the syntax\of the SEI message
Volumetric rectangle information Specified by the syfitax of the SEI message
Atlas object association Specified by theysyntax of the SEI message
Viewport camera parameters Specified bythe syntax of the SEI message
Viewport position Specified by the syntax of the SEI message
Attribute transformation parameters Specified by the syntax of the SEI message
Occupancy synthesis Specified by the syntax of the SEI message
Geometry smoothing Specified by the syntax of the SEI message
Attribute smoothing Specified by the syntax of the SEI message
The values of some SEI message syntax.€lements are split into two sets of value ranges, where|the first
set is specified as "may be used as détermined by the application”, and the second set is spefified as
"reserved for future use by ISO/IEE" Applications should be cautious of potential “collision$” of the
ihterpretation for values of these/syntax elements belonging to the first set of value ranggs. Since
different applications might _tise’ these IDs having values in the first set of value ranges for dlifferent
gdurposes, particular care(Should be exercised in the design of encoders that generate SEI messages
with these IDs having values in the first set of value ranges, and in the design of decoders that interpret
SEI messages with these'IDs. This document does not define any management for these values. These
IDs having values in‘the first set of value ranges might only be suitable for use in contexts jn which
"tollisions" of usage (i.e., different definitions of the syntax and semantics of an SEI message yith one
df these IDs having the same value in the first set of value ranges) are unimportant, or not pogsible, or
dare managed~ e.g., defined or managed in the controlling application or transport specificati¢n, or by
dontrollingthe environment in which bitstreams are distributed.
It is“a requirement of bitstream conformance that the following restrictions apply on containipg of SEI

=

nessages in SEI NAL units:

— 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:

The follgwing applies on the applicable operation points or layers of SEI messages:

It is a requirement of bitstream conformance that the following restrictions apply on the values of nal_
layer_id and Temporalld of SEI NAL units:

In the f

In the following subclauses of this annex, when a particular SEI message applies to a set of one or mor
maps (ipstead of a set of gperation points), i.e., when the payloadType value is not equal to one of
(bufferipg period) and 1¢atlas frame timing), the following applies:

In the following subclauses of this annex, when a particular SEI message applies to a set of one or mor
operatign peints (instead of a set of one or more maps), i.e., when the payloadType value is equal to
(bufferihgperiod) or 1 (atlas frame timing), the following applies:

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 unjt
confaining the SEl message shall precede all NAL units of any atlas unit that has nal_layer_id-greatdr
than highestAppLayerld, where highestAppLayerld is the greatest value of nal_layer_id-of"all thie
laydrs in all the operation points that the SEI message applies to.

For fan SEI message when payloadType is equal to 0 (buffering period) the SEl)message applies t
the pperation point that has OpTid equal to the greatest value of nal_tempotal_id_plusl among a
ACLINAL units in the bitstream, and that has OpLayerldList containing all)values of nal_layer _id i
all ACL units in the bitstream..

— O

-

For pn SEI message, when payloadType is equal to 1 (atlas frametiming), the SEI message applies t
the pperation point that has OpTid equal to the greatest value'of'nal_temporal_id_plusl among a
ACLJNAL units in the bitstream, and that has OpLayerldList‘containing all values of nal_layer_id i
all ACL units in the bitstream.

— O

—

Whén an SEI message has payloadType equal £0-0 or 1 the SEI NAL unit containing the SEI messag
shaI have nal_layer_id equal to 0.

[}

lowing subclauses of this annex, the following applies:
The|current SEI message refers to theparticular SEI message.

The|current access unit refers to'the access unit containing the current SEI message.

[=2N¢))

The|semantics.apply independently to each unit the particular SEI message applies.

[=N¢))

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 sub-
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.
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ff_byte shall be a byte having the value OxFF.

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.

ifu_t_t35_country_code_extension_byte shall be a byte having a value specified as a country| code by
Hecommendation ITU-T T.35:2000, Annex B.

ot

fu_t_t35_payload_byte shall be a byte containing data registered as specified in Recomméndation
[U-T T.35.

[l

he ITU-T T.35 terminal provider code and terminal provider oriented code shall be containgd in the
rst one or more bytes of the itu_t_t35_payload_byte, in the format specified by the Adminjstration
hat issued the terminal provider code. Any remaining itu_t_t35_payload_byte data shall be datp having
yntax and semantics as specified by the entity identified by the ITU-T\E35 country code and terminal
rovider code.

— W et =n

H3.4 User data unregistered SEI message semantics

This SEI message contains unregistered user data identified by a universal unique identifier] (UUID),
he contents of which are not specified in this document.

—

yuid_iso_iec_11578 shall have a value specifiedvas a UUID according to the procedures of
5O/1EC 11578:1996, Annex A.

(]

o

ser_data_payload_byte shall be a byte containing data having syntax and semantics as spe¢ified by
he UUID generator.

—

e ]

.3.5 Recovery point SEI message semantics

he recovery point SEI message-assists a decoder in determining when the decoding progdess will
roduce acceptable atlas fraimes for reconstruction and display after the decoder initiates|random
ccess or after the encoder-indicates a broken link in the CAS. When the decoding process id started
bith the access unit in decoding order associated with the recovery point SEI message, all decoded
dtlas frames at or subisequent to the recovery point in output order specified in this SEI mespage are
hdicated to be correCt or approximately correct in content. Decoded atlas frames produced by|random
dccess at or before’the atlas frame associated with the recovery point SEI message need not bg correct
ih content until‘the indicated recovery point, and the operation of the decoding process starting at the
dtlas frame @ssociated with the recovery point SEI message may contain references to atlas frames and
related video data that might be unavailable for prediction.

< QO T

—

Ih addition, by use of the broken_link_flag, the recovery point SEI message can indicate to the|decoder
theZlocation of some atlas frames in the bitstream that can result in serious visual artefadts when
reconstructed and displayed, because of potentially missing references.

NOTE1 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 b¢ginning of the bitstream or with the access unit, in decoding order, that is associated with the
recovery point SEI message.

recoverjy_afoc_cnt specifies the recovery point of decoded atlas frames in output order. If there i
an atlas|frame aFrmA that follows the current atlas frame (i.e., the atlas frame associated-with t'E

[72)

current |SEI message) in decoding order in the CAS and that has AtlasFrmOrderCntVdlequal to t
AtlasFrmOrderCntVal of the current atlas frame plus the value of recovery_afoc_cnt)the atlas fra
aFrmA i referred to as the recovery point atlas frame. Otherwise, the first atlas frame in output orde
that haq AtlasFrmOrderCntVal greater than the AtlasFrmOrderCntVal of the current atlas frame ply
the valup of recovery_afoc_cnt is referred to as the recovery point atlas frame,\Fhe recovery point atla
frame shall not precede the current atlas frame in decoding order. All decoded atlas frames in outpy
order afe indicated to be correct or approximately correct in content‘starting at the output ordd
position| of the recovery point atlas frame. The value of recovery_afocyent shall be in the range of
MaxAtlgsFrmOrderCntLsb / 2 to MaxAtlasFrmOrderCntLsb / 2 - 1, faclusive.

S =+ n =

exact_match_flag indicates whether decoded atlas frames at and.subsequent to the specified recoverly
point in|output order derived by starting the decoding process at the access unit associated with t

recovery point SEI message will be an exact match to the atlas frames that would be produced b,
starting|the decoding process at the location of a previous IRAP coded atlas access unit, if any, in t

bitstream. The value 0 indicates that the match maythot be exact and the value 1 indicates that t

match will be exact. When exact_match_flag is equakto 1, it is a requirement of bitstream conformande
that the|decoded atlas frames at and subsequentto 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 thie
location|of a previous IRAP coded atlas dcgess unit, if any, in the bitstream.

When eyact_match_flag is equal to 0,.the quality of the approximation at the recovery point is chosen bjy
the encdding process and is not specified in this document.

broken|link_flag indicates the presence or absence of a broken link in the atlas data unit stream at thie
location|of the recovery peint SEI message and is assigned further semantics as follows:

— If byoken_link_flag is equal to 1, atlas frames produced by starting the decoding process at t
location of a previous IRAP coded atlas access unit may contain undesirable visual artefacts to t
extgnt that dedoded atlas frames at and subsequent to the access unit associated with the recoverly
point SEL.meéssage in decoding order should not be reconstructed and displayed until the specified
recqvery point in output order.

— Otherwise (broken_link_tlag is equal to UJ, 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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F.3.7 Reserved SEI message semantics

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.

E3.8 SEI manifest SEI message semantics

The SEI manifest SEI message conveys information on SEI messages that are indicated as expedted (i.e.,
kely) to be present or not present. Such information may include:

[a—

d) The indication that certain types of SEI messages are expected (i.e., likely) to be\present (although
not guaranteed to be present) in the CAS.

h) For each type of SEI message that is indicated as expected (i.e., likely) to be present in the [CAS, the
degree of expressed necessity of interpretation of the SEI messages of this type.

=

he degree of necessity of interpretation of an SEI message type tnay be indicated as "negessary”,
innecessary”, or "undetermined”.

n SEI message is indicated by the encoder (i.e., the content,producer) as being "necessary" when the
hformation conveyed by the SEI message is considered asiecessary for interpretation by the|decoder
r receiving system in order to properly process the content and enable an adequate user experience;
does not mean that the bitstream is required to contain the SEI message in order to be a confforming
itstream. It is at the discretion of the encoder to determine which SEI messages are to be considered
s necessary in a particular CAS. However, it is suggested that some SEI messages should typjcally be
onsidered as necessary.

Q QO o= 0 =

Q

The indication that certain types of -SEI messages are expected (i.e., likely) not to be|present
(although not guaranteed not to be:present) in the CAS.

he content of an SEI manifest SEltnessage may, for example, be used by transport-layer or §ystems-
hyer processing elements to determine whether the CAS is suitable for delivery to a receiying and
ecoding system, based on whether the receiving system can properly process the CAS to ephable an
dequate user experience pr\whether the CAS satisfies the application needs.

O O =

Vhen an SEI manifest-SEFmessage is present in any access unit of a CAS, an SEI manifest SEI message
hall be present in the-first access unit of the CAS. The SEI manifest SEI message persists in decoding
rder from the current access unit until the end of the CAS. When there are multiple SEI manfifest SEI
hessages preséntin a CAS, they shall have the same content.

=5 0 »n <«

manifest.num_sei_msg_types specifies the number of types of SEI messages for which information is
fdrovidedin the SEI manifest SEI message.

mahnifest_sei_payload_type[ i | indicates the payloadType value of the i-th type of SEI megsage for
vihich information is prnvidpd in the SEI manifest SEI message The values of manifest sej 1ayload_

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.

hrdicatestiatthereare SEimessageswithpaytoadtypeequattonmar
3 ifest_sei_payload_type[ i] expected to be present in the CAS, and the
necessity of these SEI messages is undetermined.

4-255 Reserved

The valfie of manifest_sei_description[ i ] shall be in the range of 0 to 3, inclusive, Gn-bitstream
conforming to this edition of this document. Other values for manifest_sei_description|:i-] are reserve
for future use by ISO/IEC. Decoders shall allow the value of manifest_sei_description] i/] greater than g
equal to]4 to appear in the syntax and shall ignore all information for payloadType)equal to manifest_
sei_paylpad_type][i] signalled in the SEI manifest SEI message and shall ignore\all SEI prefix indicatiop
SEI mes$ages with prefix_sei_payload_type equal to manifest_sei_payload_type[ i ] when manifest_sei_
descriptfion[ i | is greater than or equal to 4.

- == W

F.3.9 $EI prefix indication SEI message semantics

The SEl jprefix indication SEI message carries one or more SEl.prefix indications for SEI messages of
particulpr value of payloadType. Each SEI prefix indication ds*a bit string that follows the SEI payloa
syntax (f that value of payloadType and contains a number of complete syntax elements starting frox
the first|syntax element in the SEI payload.

= ST )

Each SE] prefix indication for an SEI message of a particular value of payloadType indicates that one g
more SHI messages of this value of payloadType are expected (i.e., likely) to be present in the CAS an
to start with the provided bit string. A startingbit string would typically contain only a true subset d
an SEI gayload of the type of SEI message indicated by the payloadType, may contain a complete SE
payload] and shall not contain more than-a,complete SEI payload. It is not prohibited for SEI messages
the indi¢ated value of payloadType to be present that do not start with any of the indicated bit strings

gy P

These SKI prefix indications should provide sufficient information for indicating what type of processin|

is needgd or what type of contént is included. The former (type of processing) indicates decoder—sidE
processing capability, e.g., whether some type of post-filtering process is needed. The latter (type q
content) indicates, for exahiple, whether the bitstream contains subtitle captions in a particula
languagg.

—~ =n

The confent of an SEI prefix indication SEI message may, for example, be used by transport-layer g
systemstlayer processing elements to determine whether the CAS is suitable for delivery to a receivin
and decpding.syStem, based on whether the receiving system can properly process the CAS to enab
an adequaté.user experience or whether the CAS satisfies the application needs (as determined in so
manner [by_éxternal means outside the scope of this document).

—

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.

he bits sei_prefix_data_bit[ i ][ j ] for j ranging from 0 to num_bits_in_prefix_indication_milllusl[ i],
ihclusive, follow the syntax of the SEI payload with payloadType equal to prefix_sei_payload_type and
ntain a number of complete syntax elements starting from the first syntax element in'thre SEl|payload
slyntax, and may or may not contain all the syntax elements in the SEI payload syntax. The last bit of
these bits (i.e., the bit sei_prefix_data_bit[ i ][ num_bits_in_prefix_indication_minus1] i ] ]) shalll be the
last bit of a syntax element in the SEI payload syntax, unless it is a bit within amitd_t_t35_paylqad_byte
r user_data_payload_byte.

OTE The exception for itu_t_t35_payload_byte and user_data_payloadi.byte is provided becayse these
sfyntax elements can contain externally-specified syntax elements, and thé determination of the boundaries of
shich externally-specified syntax elements is a matter outside the scope ofthis document.

yte_alignment_bit_equal_to_one shall be equal to 1.

.3.10 Active sub-bitstreams SEI message semantics

his SEI message informs the V3C decoder which attributes or maps are not available and can therefore
e skipped in the decoding process. Similarly,.jt“ecan also inform the decoder that auxiligry sub-
itstream are not available. This is done by signalling changes to active attributes/maps and whether
the auxiliary sub-bitstreams are active or mot. An active sub-bitstreams SEI message references a
specific V3C parameter set. When only a sub>*Set of the attributes/maps shall be active, the SEI message
ntains the attribute/map indices for these attributes/maps. A V3C decoder shall consider ahy other
tributes/maps in the referenced VPS.that are not listed in the SEI message as inactive and skip them
the decoding or rendering process;-or both.

OTE The active sub-bitstreams SEI message allows the possibility of enabling only a subset of gttributes
d subset of maps to be actiye’at any given time.

he persistence scope_for this SEI message is the remainder of the bitstream (i.e., the dignalled
ctive attributes persist until the end of the stream) or when a new active attributes SEI m¢ssage is

countered. Previausly defined parameters from an earlier SEI message shall persist if not modified
nd if the value/of-asb_active_sub_bitstream_cancel_flag is not equal to 1. This SEI message shjould not
e ignored by.the decoder.

he semantics of the fields of the active sub-bitstreams SEI message are as follows:

shZactive_sub_bitstream_cancel_flag equal to 1 indicates that all sub-bitstreams are actjve. asb_
ctive_sub_bitstream_cancel flag equal to 0 indicates that some sub-bitstreams may not be acfive.

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
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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_actfve_attribute_idx][ 1 ] indicates the attribute index in the VPS for the active attribute at index] i
in the agsociated SEI message.

asb_all jmaps_active_flag indicates whether all the maps signalled in the referenced VPS-shall be
active. asb_all_maps_active_flag equal to 1 indicates that all maps shall be active. asb_all_maps_active_
flag equpl to 0 indicates that only a sub-set of the maps may be active.

asb_actjve_map_count_minus1 plus 1 indicates the number of active maps signalled in the active suh
bitstreams SEI message.

asb_actjve_map_idx[i] indicates the map index in the VPS for the active mapatindexiin the associated
SEI mess$age.

F.3.11 Component codec mapping SEI message semantics

—+

This SEl message informs the V3C decoder of the codec mappifig for the codec ids of the componer
sub-bitstreams signalled in the VPS. Each component sub-bitstream codec id is mapped to a specific
codec infdex in a codec lookup table. The codec ids for the component sub-bitstreams in the VPS shall
be unique. The component codec mapping SEI message shall’be used to signal the initial codec mappin
to the decoder at the beginning of the V3C bitstream as well as signalling updated mappings whe
the codgc of one or more of the V3C components sub=bitstreams changes. A V3C decoder receiving
compongnt codec mapping SEI message should-instantiate new video decoders for the respecti

compongnt sub-bitstreams signalled in the message.

The pergistence scope for this SEI message:is’the remainder of the bitstream (i.e., the codec changes fqr
the signplled components persist until theé end of the stream) or until a new component codec chan
SEI mesgage is encountered. Only theicodec mapping for codec ids specified in the SEI message shall b
updated| Previously defined mappings for other codec ids from an earlier SEI message shall persist |f
not modified and if the value of{cém_component_codec_cancel_flag is not equal to 1. This SEI messa
shall not be ignored by the decoder.

When a|component codéeymapping SEI message is present in any access unit of a CVS, a component
codec mjapping SEI méssage shall be present in the first access unit of the CVS. The component codec
mapping SEI messagé.persists in decoding order from the current access unit until the end of the CV§.
When there are multiple component codec mapping SEI messages present in a CVS, they shall have t
same coptent,

The semlantics 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.

F.3.12 Volumetric annotation SEI messages family syntax
F.3.12.1 Scene object information SEI message semantics

F.3.12.1.1 General

his SEI message defines a set of objects that may be present in a volumetric scene, and,optionally
ssigns different properties to these objects. These objects could then potentially be associated with
ifferent types of information, including patches and 2D volumetric rectangles that may be| defined
sing the patch information and volumetric rectangle information SEI messages.

et the variable MaxNumObjectsTracked be set equal to either 216 - 1 or a valué) determinef by the
plication.

—

et the variable MaxObjectNumDependencies be set equal to 15.

=z

OTE An application can limit the value of the variable MaxNumOhjectsTracked so as to consfrain the
required memory.

At the start of each sequence,

— the 1D arrays Objectindex, ObjectTracked;)ObjectLabellndex, ObjectPriorjtyValue,
ObjectHiddenFlag, ObjectNumDependencies, ObjectVisibilityDirectionX, ObjectVisibilityDifectiony,
ObjectVisibilityDirectionZ, ObjectVisibilityAngle/Qbject3DBoundingBoxX, Object3DBoundjngBoxY,
Object3DBoundingBoxZ, Object3DBoundingBoxSizeX, Object3DBoundingHoxSizeY,
Object3DBoundingBoxSizeZ, ObjectCollisioriShapelD, ObjectPointShapelD, ObjectPointSjze, and
ObjectMateriallD, of size MaxNumObjectsTracked, and

- the 2D array ObjectDependencylndex, of size
MaxNumObjectsTracked x MaxObjectNumDependencies,

are initialized as follows:

for (i=0;i<MaxNumObjectsTracked; i++) {
ObjectIndex[i] =i
Objectlnit( Objectindex[i])

}

where the functiémObjectlnit( ) is defined in the subclause F.3.12.1.2.

rrent layer. soi_persistence_flag equal to 0 specifies that the scene object information SEI message

i_persistence_flag specifies the persistence of the scene object information SEI messagg for the
iplies to'the current decoded atlas frame only.

[e.aFrmA be the current atlas frame. soi_persistence_flag equal to 1 specifies that the scerje object
itfformmatior SEt mressage persistsfor the current tayer im outputorder umntitamny of thefollowing
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,
inclusiv¢. The default value of soi_num_object_updates is equal to 0.

soi_simple_objects_flag equal to 1 indicates that no additional information for an updated ox‘\newly
introdu¢ed object will be signalled. soi_simple_objects_flag equal to 0 indicates that @dditiong
information for an updated or newly introduced object may be signalled.

—_—

current [scene object information SEI message. soi_object_label_present_flag equal tor 0 indicates thdt

soi_obj]ct_label_present_flag equal to 1 indicates that object label information_is\present in thie
object 1gbel information is not present.

D

soi_prigrity_present_flag equal to 1 indicates that priority information is present in the current scen|
object iffformation SEI message. soi_priority_present_flag equal to 0 indicates that priority informatio!
is not prjesent.

-

soi_objg¢ct_hidden_present_flag equal to 1 indicates that hidden/object information is present in thie
current scene object information SEI message. soi_object_hidderi¢present_flag equal to 0 indicates thqt
hidden gbject information is not present.

soi_object_dependency_present_flag equal to 1 indicates that object dependency information i
present n the current scene object information SEI message. soi_object_dependency_present_flag equa
to 0 indicates that object dependency information isgiot present.

— W

soi_visibility_cones_present_flag equal to 1 indicates that visibility cones information is present i
the current scene object information SEI message. soi_visibility_cones_present_flag equal to 0 indicate
that visipility cones information is not present.

[Z=]

(s

soi_3d_bounding_box_present_flag equal to 1 indicates that 3D bounding box information is preser
in the current scene object inforn¥ation SEI message. soi_3d_bounding_box_present_flag equal to
indicatep that 3D bounding box jnformation is not present.

(=)

soi_colljsion_shape_present_flag equal to 1 indicates that collision information is present in the
current [scene object infermration SEI message. soi_collision_shape_present_flag equal to 0 indicates
that colllsion shape information is not present.

soi_point_style_present_flag equal to 1 indicates that point style information is present in the currernt
scene oljject infermation SEI message. soi_point_style_present_flag equal to 0 indicates that point style
information,is;niot present.

soi_material_id_present_flag equal to 1 indicates that material ID information is present in thie
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 invdking the
inction ObjectInit(i). soi_object_cancel_flag[i] equal to 0 indicates that the object with jidex|equal to
poi_object_idx[ i ] shall be updated with information that follows this element and that thatthe|variable
bjectTracked] i ] shall be set to 1.

O n

soi_object_label_update_flag[ i ] equal to 1 indicates that object label updatednformation is| present
br an object with object index i. soi_object_label_update_flag[ i ] equal to 0 jridicates that objpct label
update information is not present.

-

sjoi_object_label_idx| i ] indicates the label index, ObjectLabellndex[ i\}s.6f an object with index i. The
value of soi_object_label_idx[ i ] shall be in the range from 0 to MaxNumObjectsTracked - 1, inclusive.

joi_priority_update_flag[ i ] equal to 1 indicates that priority update information is prgsent for
n object with object index i. soi_priority_update_flag[ i ]€qual to 0 indicates that object|priority
information is not present.

soi_priority_value[ i | indicates the priority, ObjectPriorityValue[ i ], of an object with ind¢x i. The
lpwer the priority value, the higher the priority. The default value of soi_priority_value[i] is eqpal to 0.

soi_object_hidden_flag[ i ] indicates the value“of ObjectHiddenFlag[ i | of an object with|index i.
spi_object_hidden_flag[ i ] equal to 1 indicates-that the object with index i shall be hidden. so]_object_
idden_flag[ i ] equal to 0 indicates that the'\object with index i shall become present.

=

soi_object_dependency_update_flag] ¥ ] equal to 1 indicates that object dependency| update
hformation is present for an object¥nith object index i. soi_object_dependency_update_flag| i ]lequal to
(J indicates that object dependenéy update information is not present.

—

soi_object_num_dependengies| i | indicates the value of ObjectNumDependencies[ i ] of an object with
index i, which specifies thesnumber of object dependencies for the object with index i.

soi_object_dependency_idx[ i ][ j ] indicates the value of ObjectDependencylndex[ i ][ j | of the j-th
dbject that has a dépendency with the object with object index i.

sloi_visibility cones_update_flag[ i ] equal to 1 indicates that visibility cones update information is
dresent for @nobject with object index i. soi_visibility_cones_update_flag[ i ] equal to 0 indicgtes that
isibilityscohes update information is not present.

<

i direction_x[ i ] specifies the normalized x-component value, ObjectVisibilityDirectionX] i ], of the
g(i)rection vector for the visibility cone of an object with object index i. The value of soi_directjon_x][ i ]
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[fol_angle[ 1] 1s equal to 210 — 1.

The valye of ObjectVisibilityAngle[ i ] is computed as follows:
ObjgctVisibilityAngle[ i ] = (soi_angle[i] + (216-1))* 180

v

soi_3d_bounding_box_update_flag[ i | equal to 1 indicates that 3D bounding box(information i
present for an object with object index i. soi_3d_bounding_box_update_flag[ i | equalto-0 indicates thg
3D bourlding box information is not present.

(s

soi_3d_bounding_box_x] i | specifies the quantized x 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_x[i] is equal to 0.

soi_3d_bounding_box_y[ i ] specifies the quantized y coordinate valueof the origin position of the 3D
bounding box of an object with index i. The default value of soi_3d_beunding_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 spiy3d_bounding_box_z[i] is equal to 0.

soi_3d_bounding_box_size_x[ i | specifies the quantized-size of the bounding box on the x axis of ap
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 a
object with index i. The default value of soi_3dsbounding_box_size_y[i] is equal to 0.

—

soi_3d_bounding_box_size_z[ i | specifiesithe quantized size of the bounding box on the z axis of ap
object with index i. The default value of $0i_3d_bounding_box_size_z[ i] is equal to 0.

The bounding box origin and size for-ah object with index i are computed as follows:

Object3DBoundingBoxX] i |
Object3PBoundingBoxY[1i ]
Object3DBoundingBoxZ[4]
Object3DBoundingBoxSizeX
Object3DBoundingBoxSizeY
Object3DBoundingBoxSizeZ

soi=3d_bounding_box_x[ i ] << soi_3d_bounding_box_scale_log2
so0i_3d_bounding_box_y[i] << soi_3d_bounding_box_scale_log2
soi_3d_bounding_box_z[ i ] << soi_3d_bounding_box_scale_log2
i
i
i

] =soi_3d_bounding_box_size_x[ i | << soi_3d_bounding_box_scale_logj}
] =soi_3d_bounding_box_size_y[ i ] << soi_3d_bounding_box_scale_log}
] = soi_3d_bounding_box_size_z[i] << soi_3d_bounding_box_scale_log?

———

soi_colljsiontshape_update_flag[ i | equal to 1 indicates that collision shape update information i
present [for’ an' object with object index i. soi_collision_shape_update_flag[ i ] equal to 0 indicates thg
collisiorlshape update information is nat present

-+ \n

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

206 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090-5:2021(E)

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

sloi_point_size[ i ] indicates the point size, ObjectPointSize[ i ], of an object with index/i. Th¢ default
value of soi_point_size[ i ] is equal to 1.

joi_material_id_update_flag[ i] equal to 1 indicates that material ID update infosxmation is present for
n 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 an0bject with index i. Th¢ default
alue of soi_material_id[ i ] is equal to 0. The material ID is identified through means outside this
ocument.

o. <

H3.12.1.2 Object initialization

—

et the function ObjectInit( k ) be defined as follows:

Objectlnit( k) {
ObjectTracked[ k] =0
ObjectLabellndex[ k] =0
ObjectPriorityValue[ k] =0
ObjectHiddenFlag[ k] =0
ObjectNumDependencies[ k =0
for (j = 0;j < MaxObjectNummDependencies; j++ ) {
ObjectDependencylndex[ k][j] =0

}

ObjectVisibilityDigectionX[ k ]
ObjectVisibilityDirectionY[ k |
ObjectVisibilityDirectionZ[ k |
ObjectVisibilityAngle[ k ] = 180
Object3DBoundingBoxX][ k ]
Object3DBoundingBoxY[ k|
Object3DBoundingBoxZ[ k |
Object3DBoundingBoxSizeX
Object3DBoundingBoxSizeY
Object3DBoundingBoxSizeZ
ObjectCollisionShapelD[ k ]
ObjectPointShapelD[ k] =0
ObjectPointSize[ k] =0
ObjectMateriallD[ k] =0

1
1
1

}

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

LabelLanguage =
for (i =0; i < MaxNumLabels; i++) {
Labellndex[i] =1

Labellnit( Labellndex[i])

}

where the function Labellnit( ) is defined in the subclause F.3.12.2.2.

oli_cangel_flag equal to 1 indicates that the object label information SEK‘message cancels the
persistence of any previous object label information SEI message in output-order and sets all variablgs
and arrdys associated with the object label SEI message, as follows:

nn

LabelLanguage =
for ({i=0; i < MaxNumLabels; i++) {
Labellndex[i] =1

Labellnit( Labellndex[i])

}

oli_label_language_present_flag equal to 1 indicates.that label language information is present in thie
object 13bel information SEI message. oli_label_language_present_flag equal to 0 indicates that labgl
languagp information is not present.

oli_bit_¢qual_to_zero shall be equal to 0.

o

oli_label_language contains a languageé. tag, LabelLanguage, as specified by IETF RFC 5646 followe
by a nul] termination byte equal to 0x00. The length of the oli_label_language syntax element shall b
less tham or equal to 255 bytes, notincluding the null termination byte.

[}

I

oli_num_label_updates indjeates the number of labels that are to be updated by the current SH
messagd. The value of oli_num-label_updates shall be in the range from 0 to MaxNumLabels, inclusive

=

oli_labél_idx][ i | indicates the label index, Labellndex] i ], of the i-th label to be updated. The value (
oli_label idx[ i ] shallb€'in the range from 0 to MaxNumLabels - 1, inclusive.

—_—

oli_label_cancel:flag[ i | equal to 1 indicates that all label information, for label with index i, sha
be reset] by inyoking the function Labellnit( i ). oli_label_cancel_flag[ i ] equal to 0 indicates that triF

label wikh-index i shall be updated with information that follows this element and that the variab
LabelSetElag[i] shall he set ta 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 SEImessage, with eitheranoli_cancel_flagequalto 1 orthe same value of oli_persistence_
Tlag, applicable to the current layer 1s output for which AtlasFrmOrderCnt( aFrmB J 1s gredter than
AtlasFrmOrderCnt( aFrmA ), where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( pFrmA )
are the AtlasFrmOrderCntVal values of aFrmB and aFrmaA, respectively, immedjately dfter the
invocation of the decoding process for atlas frame order count for aFrmB.

K3.12.2.2 Label initialization
Ifet the function Labellnit( k ) be defined as follows:

Labellnit( k) {
LabelSetFlag[ k] =0
Label[ k] =""

R3.12.3 Patch information SEI message semantics

H3.12.3.1 General

This SEI message defines a table that indicates:the set of tiles and corresponding patches thaf may be
dresent in the current frame. These patches ¢an be assigned to one or more objects that may be present
ih a volumetric scene and which were previdusly defined through one or more scene object infgqrmation
SEI messages.

Ifet the variables MaxNumTiles, MaxNumPatches and MaxNumObjectsPerPatch be set equal to either
1024, 216 - 1, and 216 - 1, respectively, or a value determined by the application in bitstreams corjfforming
tp this document.

o

OTE An applicationr ean limit the value of the variable MaxNumTiles, MaxNumPatches and
[axNumObjectsPerPatch.so"as to constrain the required memory.

==

t the start of each'sequence,

- the 2D array’PatchNumoODbijects, of size MaxNumTiles x MaxNumPatches, and

-+ the 3D array PatchObjectIndex, of size MaxNumTiles x MaxNumPatches x MaxNumObjectsHerPatch,

are jnitialized as follows:

£y L3 O, 3 LV AL sl e\ [
1Ul L I'=9U,1 IVIdAINUIITI TITS, 1TTT J 1
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
AtlaqsFrmOrderCnt( aFrmB J and AtlasFrmOrderCnt( aFrmA J are the AtlasFrmOrdercntval valugs
of aFfrmB and aFrmA, respectively, immediately after the invocation of the decoding process fdr
atlap frame order count for aFrmB.

pi_reset_flag equal to 1 indicates that all entries in the patch information table shall be-removed as
follows:

for ({i=0; i < MaxNumpTiles; i++ ) {
Tilelnit(i)
}

pi_num|tile_updates indicates the number of tiles that are to be updatedin the patch informatio
table by the current SEI message. The value of pi_num_tile_updates shall be in the range from 0 t
MaxNumTiles, inclusive.

o=

pi_log2|max_object_idx_tracked_minus1 plus 1 specifies the fiuiviber of bits used to signal the value
of a tracked object index in the current patch information SEI message.

pi_log2|max_patch_idx_updated_minus1 plus 1 specifieg;the number of bits used to signal the value
of an upflated patch index in the current patch information SEI message.

pi_tile_id[ i | specifies the tile ID for the i-th updatedttile in the current SEI message.

pi_tile_¢ancel_flag[ i | equal to 1 indicates that the tile with index i shall be reset by invoking the
function Tilelnit( i ). pi_tile_cancel_flag[ i ] egual to 0 indicates that all patches previously assigned tp
the tile yith index i will be retained.

(s

pi_num|patch_updates[ i | indicatés, the number of patches that are to be updated by the currer
SEI mespage within the tile with(index i in the patch information table. The value of pi_num_patch_
updates] i ] shall be in the rangé.from 0 to MaxNumPatches, inclusive.

_idx[ tileID ][ i ].indicates the patch index of the i-th patch in tile with tile ID equal to tileID
be updated in‘the patch information table. The number of bits used to represent pi_patch_

function| Patchlnit( tilelD, i ).

pi_patc_ MOEeT-0T-0DjeCTSIusS - S Yarcates e MmO er—™0 ODJe€tTs,
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:

Tilelnit(i) {
for (j = 0; j < MaxNumPatches; j++ ) {
PatchlInit(,j)
}

}

H3.12.4 Volumetric rectangle information SEI message semantics

H3.12.4.1 General

This SEI message defines a table that indicates a set of volumetric tectangles within an atlal

and that were previously defined through one or more scene object information SEI messages.

Iet the variables MaxNumRectangles and MaxNumObjectsPerRectangle be set equal to eithe
and 216 - 1, respectively, or a value determined by the ‘application in bitstreams conformin
document.

NOTE Anapplication canlimitthe value of the variableMaxNumRectangles and MaxNumObjectsPerH
sp as to constrain the required memory.

At the start of each sequence,

- the 1D arrays  VriBoundingBoxTop, = VriBoundingBoxLeft, = VriBoundingBq
VriBoundingBoxHeight and VriNumberOfObjects, of size MaxNumRectangles,

+ the 2D array VriObjectIndex, of size MaxNumRectangles x MaxNumObjectsPerRectangle,
dre initialized as follows:

for (i=0; i< MaxNumRectangles; i++) {
Rectangleldit( 1)
}

where the function Rectanglelnit( ) is defined in the subclause F.3.12.4.2.

vri_persistence_flag specifies the persistence of the volumetric rectangle information SEI me:
the cutrent layer. vri_persistence_flag equal to 0 specifies that the volumetric rectangle infa

021(E)

s. These

volumetric rectangles can be assigned to one or more objects that mitay be present in a volumetric scene

216 _ 1
b to this

tectangle

xWidth,

sage for
rmation

SIEI 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 an
following conditions are true:

— Anew CAS begins.

— The bitstream ends.

y of the

— 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
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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)

[=]

p—

[72)

vri_bounding_box_update_flag[ i | equal to 1 indicateszthat 2D bounding box information for thie

volumetfric rectangle with index i should be updated.*vri_bounding_box_update_flag[ i ] equal to P
indicatep that 2D bounding box information for thesolumetric rectangle with index i should not b
update

vri_bounding_box_top[ i | indicates the vertical coordinate value, VriBoundingBoxTop]| i ], of the top-

left_pos' ion of the bounding box of the i-th yolumetric rectangle within the current atlas frame. The
default yalue of vri_bounding_box_top[ i(] is'equal to 0.

vri_bounding_box_left[ i | indicates‘the horizonal coordinate value, VriBoundingBoxLeft[ i ], of the
top-left position of the bounding(box of the i-th volumetric rectangle within the current atlas framg¢.
The defqult value of vri_bounding’ box_left[ i | is equal to 0.

vri_bounding_box_width[7’] indicates the width of the bounding box, VriBoundingBoxWidth[ i ], qf
the i-th yolumetric rectargle. The default value of vri_bounding_box_width[i] is equal to 0.

vri_bounding_box:height| i ] indicates the height of the bounding box, VriBoundingBoxHeight[ i |, of
the i-th yolumetric)rectangle. The default value of vri_bounding_box_height[ i ] is equal to 0.

vri_rectangle_ humber_of objects_minusl[ i ] plus 1 indicates the number of object$,
VriNumpér©fObjects[ i ], that are to be associated with the i-th volumetric rectangle. The value of vri_
rectangle_number_of_objects_minus1]1]shall be in the range irom 0 to MaxNumUbjectsPerRectangle — 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

3.12.0 AUdS 0DJeCt assoclation SElmessdge semditics

lowli—|

e contained in one or more atlases that describe a volumetric scene. Objects are defined throu
bject information SEI messages.

o

Llet the variable MaxNumObjects be set equal to 216 - 1 or a value determined by the appli
Hitstreams conforming to this document.

NOTE An application can limit the value of the variable MaxNumObject$\$o as to constrain the
memory.

At the start of each sequence,

—+ the 2D array ObjectInAtlas, of size MaxNumObjects x 64
dre initialized as follows:

for (i=0; i< MaxNumObjects; i++ ) {

for (j=0;j<64;i++){
ObjectInAtlas[i][j]=0
}

}

a\sa_persistence_ﬂag specifies the ‘persistence of the atlas object association SEI message

rrent layer. aoa_persistence_flagiequal to 0 specifies that the atlas object association SEI
plies to the current decoded atlas frame only.

—

et aFrmA be the currentatlas frame. aoa_persistence_flag equal to 1 specifies that the atl3
ssociation SEI message™ persists for the current layer in output order until any of the fi
onditions are true:

Q-

—+ A new CAS begins.
+ The bitstféam ends.

—+ An atlas frame aFrmB in the current layer in a coded atlas access unit containing an atl3
association SEI message with the same value of aoa_persistence_flag and applicable to the
layer is output for which AtlasFrmOrderCnt( aFrmB ) is greater than AtlasFrmOrderCnt( {

021(E)

his SEI message defines a mask that indicates the mapping between objects and atlases.\Objects can

th scene

ation in

required

for the
message

s object
bllowing

IS object
current
FrmA ),

where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA ) are the AtlasFrmOrd

prCntVal

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 follows:
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_obiLct_idx[ i ] indicates the i-th object index. The number of bits used to represent aoa_objecq_
idx[i] i equal to aoa_log2_max_object_idx_tracked_minus1 + 1.

(s

aoa_object_in_atlas[ i ][ j ] indicates the value of ObjectInAtlas[ i ][ j ] for atlas ID equal to_j and objeq
index equal to i. aoa_object_in_atlas[i][j ] equal to 1 indicates that the object with indexi\is present i
atlas with atlas ID equal to j. aoa_object_in_atlas[ i ][ j ] equal to 0 indicates that the object with index
is not priesent in atlas with atlas ID equal to j.

— =

F.3.13 Buffering period SEI message semantics

(i

A bufferfing period SEI message provides initial CAB removal delay and initial CAB removal delay offsg
informafion for initialization of the HRD at the position of the associated coded atlas access unit i
decoding order.

=]

The follgwing applies for the buffering period SEI message synta¥’and semantics:

— Thefvariables CabSize[ INalHrdModeFlag][ Htid ][], BitRate[ !NalHrdModeFlag][ Htid ][i] and CabCH
are flerived from syntax elements found in the hrd_subZayer_parameters( !NalHrdModeFlag, Htid|)
syntax structure that is applicable to at least one 0f the operation points to which the bufferinjg
period SEI message applies.

—

— Any|two operation points that the buffering-period SEI message applies to having different OpTid
valyes tIdA and tIdB indicate that the values‘of bp_hrd_cab_cnt_minus1[ tIdA ] and bp_hrd_cab_cn{_
minus1[ tIdB ] applicable to the two opération points are identical.

— The|bitstream (or a part thereof) refers to the bitstream subset (or a part thereof) associated with
any|of the operation points to which the buffering period SEI message applies.

The pregence of buffering period SEI messages for an operation point is specified as follows:

— If NalHrdBpPresentFlagis equal to 1 or AclHrdBpPresentFlag is equal to 1, the following applies fo
eacl access unit inth@CAS:

—

— |If the coded,atlas access unit is an IRAP coded atlas access unit, a buffering period SEI messag
applicablejto the operation point shall be associated with the access unit.

D

— [Otherwise, if both of the following conditions apply, a buffering period SEI message applicable
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_f
be equal to hrd_nal_parameters_present_flag.

The variable NalHrdBpPresentFlag is derived as follows:

lag shall

-+ If one or more of the following conditions are true, then the value of NalHrdBpPresentFl
equal to 1:

— bp_nal_hrd_params_present_flag is present in the bitstream and is equal to-l.

— The need for presence of buffering periods for NAL HRD operation to beprésentin the b
in buffering period SEI messages is determined by the application, by’'some means not g
in this document.

— Otherwise, the value of NalHrdBpPresentFlag is set equal to 0.

p_acl_hrd_params_present_flag equal to 1 specifies that a listiof'syntax element pairs bp_ac
ab_removal_delay[ i ][ j ] and bp_acl_initial_cab_removal_offset[ i ][ j ] are present in the b
eriod SEI message. bp_acl_hrd_params_present_flag equalts. 0 specifies that no syntax elemg
p_acl_initial_cab_removal_delay[i][ j ] and bp_acl_initial)cab_removal_offset[i][ j ] are prese
uffering period SEI message.

oo o o

p—

[ is a requirement of bitstream conformance that thie value of bp_acl_hrd_params_present_flag
qual to hrd_acl_parameters_present_flag.

(0}

[ is a requirement of bitstream conformance’that the values of bp_acl_hrd_params_present |

5 —

The variable AclHrdBpPresentFlag is-derived as follows:

—~ If one or more of the following conditions are true, then the value of AclHrdBpPresentF]
equal to 1:

— bp_acl_hrd_params’present_flag is present in the bitstream and is equal to 1.

— The need forpresence of buffering periods for ACL HRD operation to be presentin the b
in buffering-period SEI messages is determined by the application, by some means not g
in thisdocument.

— Otherwise, the value of AclHrdBpPresentFlag is set equal to 0.

—

he varpiable CabDabDelaysPresentFlag is derived as follows:

p_nal_hrd_params_present_flag in a buffering period SEI message shall not be both equal to 0.

Qg is set

tstream
pecified

_initial_
uffering
ent pairs
nt in the

shall be

flag and

ag is set

tstream
pecified

—_If one or more of the following conditions are true, then the value of CabDabDelaysPresentF

lag is set

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.

— 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_dabJoutput_delay_length_minus1 plus 1 specifies the length, in bits, of the syntax element
bp_dab_delay_offset syntax element in the buffering period SEI message and aft_dab_output_deldy] i
in the aflas frame timing SEI message. When not present, the value of bp_dab_output_delay’length_
minusl |s inferred to be equal to 23.

[72)

[—)

bp_irap| cab_params_present_flag equal to 1 specifies the presence of the bp_nalqinitial_alt_cab_
removall delay[ Htid ][ i ], bp_nal_initial_alt_cab_removal_delay[ Htid ][ i ], bp_achinitial_alt_cab_
removall offset| Htid ][ i ] and bp_acl_initial_alt_cab_removal_offset[ Htid ][ i ] syataX elements. Wheh
not pregent, the value of bp_irap_cab_params_present_flag is inferred to becequal to 0. When thie
associated atlas frame is neither a CRA atlas frame nor a BLA atlas fame, the value of bp_irap_cah_
params|present_flag shall be equal to 0.

bp_cab_delay_offset specifies an offset to be used in the derivation of the nominal CAB removal times
of accesp units following, in decoding order, the CRA or BLA cod€ed atlas frame associated with the
bufferinjg period SEI message when the RASL coded atlas accessinits associated with the CRA or BLA
access upnit are not present. The syntax element has a length in:hits given by bp_au_cab_removal_delay_
length_rpinusl + 1. When not present, the value of bp_cab_delay_offset is inferred to be equal to 0.

bp_dab|delay_offset specifies an offset to be used in the‘derivation of the DAB output times of the CRA
or BLA doded atlas access unit associated with the buffering period SEI message when the RASL codefd
atlas acg¢ess units associated with the CRA or BLA:¢oded atlas access unit are not present. The syntaix
element{has a length in bits given by bp_dab_output_delay_length_minusl + 1. When not present, thie
value of|bp_dab_delay_offset is inferred to be equal to 0.

[

When the current atlas frame is not thelfirst atlas frame in the bitstream in decoding order, le
PrevNornDiscardableAtlasFrame be the preceding atlas in decoding order with TemporallD equal to
that is npt a RASL, RADL or SLNR atlas frame.

(=}

bp_condatenation_flag indicates, when the current atlas is not the first atlas in the bitstream i
decoding order, whether the(npminal CAB removal time of the current atlas is determined relative t|

the nomﬁnal CAB removal time of the preceding atlas with a buffering period SEI message or relative tp
the nomjinal CAB remoyaltime of the atlas frame PrevNonDiscardableAtlasFrame.

o=

bp_atlag_cab_remeoyal_delay_delta_minus1 plus 1, when the current atlas is not the first atlas fra
in the bitstreant in' decoding order, specifies a CAB removal delay increment value relative to t
nominall CABremoval time of the atlas frame PrevNonDiscardableAtlasFrame. This syntax element has
a length|in bits given by bp_atlas_cab_removal_delay_length_minus1 + 1.

When thecurrent attas contains a buffering period SEI message and bp_concatenation_tiag 15 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_minus1[ 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_
lgyers_tmimuststattbeequatto -

p_hrd_cab_cnt_minus1[ i ] plus 1 specifies the number of alternative CAB specificationls in the
itstream of the CAS when Htid is equal to i. The value of bp_hrd_cab_cnt_minus1][ i | shall e in the

nge of 0 to 31, inclusive. When not present, the value of bp_hrd_cab_cnt_minus1[.i J-is inferrjed to be
qual to 0.

If is a requirement of bitstream conformance that the value of bp_hrd_cab_cfit -minus1][ i ] shall be the
same as the value of hrd_cab_cnt_minus1[i].

p_nal_initial_cab_removal_delay[ i ][ j ] and bp_nal_initial_alt_cab\removal_delay[ i ][ j | specify
spectively the j-th default and alternative initial CAB removal delay for the NAL HRD in upits of a
0 kHz clock of the i-th temporal sub-layer. The length of bp_nal¢initial_cab_removal_delay[i][j] and
p_nal_initial_alt_cab_removal_delay[ i ][ j | is bp_cab_initial_femoval_delay_length_minus1 f 1 bits.
he value of bp_nal_initial_cab_removal_delay[ i ][ j ] and\bp_nal_initial_alt_cab_removal_delay[ i ]
j 1 shall not be equal to 0 and shall be less than or eqGal*to 90000 * ( CabSize[ !NalHrdModeFlag ]
i][j] + BitRate[ INalHrdModeFlag ][ i ][ j ] ), the time-equivalent of the CAB size in 90 kHz clock
nits. When not present, the values of bp_nal_initial“cab_removal_delay[ i ][ j ] and bp_na]_initial_
It_cab_removal_delay[ i ][ j ] are inferred to becequal to 90000 * ( CabSize[ INalHrdModeFlag ][ i ]
j ] + BitRate[ INalHrdModeFlag ][i][j])-

p_nal_initial_cab_removal_offset[ i ][ j ].and bp_nal_initial_alt_cab_removal_offset[ i ][ j | specify
he default and the alternative initial CAByremoval offsets, respectively, for the i-th CAB when|the NAL
RD parameters are in use. The syntax elements have a length in bits given by hrd_initial_cab_rlemoval_
elay_length_minus1 + 1 and are inunits of a 90 kHz clock.

p_acl_initial_cab_removal_.delay[ i ][ j | and bp_acl_initial_alt_cab_removal_delay[ i ][ j | specify
espectively the j-th defaulffand alternative initial CAB removal delay of the i-th temporal sub-layer
br the ACL HRD in units-of-a 90 kHz clock. The length of bp_acl_initial_cab_removal_delay[i][j] and
p_acl_initial_alt_cabremoval_delay[ i ][ j ] is bp_cab_initial_removal_delay_length_minus1 {+ 1 bits.
he value of bp_acdlzinitial_cab_removal_delay[ i ][ j ] and bp_acl_initial_alt_cab_removal_delay][ i ]
j 1 shall not be €qual to 0 and shall be less than or equal to 90000 * ( CabSize[ !NalHrdModeFlag ]
i][j] + BitRate[ 'NalHrdModeFlag ][ i ][ j | ), the time-equivalent of the CAB size in 90 kHz clock
nits. When_not present, the values of bp_acl_initial_cab_removal_delay[ i ][ j ] and bp_ac]_initial_
dlt_cab_removal_delay[ i ][ j ] are inferred to be equal to 90000 * ( CabSize[ !NalHrdModeFlag ][ i ]
[li ] + BitRate[ INalHrdModeFlag [[i ][] ] ).

| el ] B [ © will M B = w Q.

hpcnal_initial_cab_removal_offset[ i ][ j | and bp_nal_initial_alt_cab_removal_offset[ i ][ j | specify
thre=tirdefaultamdattermative-trittat- €AB removatoffset of the =thrtemporatsub=tayerfortire 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_

© ISO/IEC 2021 - All rights reserved 217


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

ISO/IEC 23090-5:2021(E)

cab_removal_offset[ i ][ j ] is bp_cab_initial_removal_delay_length_minusl + 1 bits. When not present,

the valu

es 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

associat

ed with a CRA or BLA atlas for which at least one of its associated RASL atlases follows one or

more of

F3.14 |

The atla
the codd

The foll

— The
peri
fran

— The
any

NOTE 1

syntax st
hrd_parg
with the
coded at]
period S
with No(
determirn
decoding
the atlas
to store

atlas, and then perform the parsing of the.atlas frame timing SEI message.

aft_au_c
betweer
SEI mes
period §
atlas da
given by

The var

its associated RADL atlas in decoding order.

Atlas frame timing SEI message semantics

5 frame timing SEI message provides CAB removal delay and DAB output delay infoymation fqg
d atlas access unit associated with the SEI message.

—

wing applies for the atlas timing SEI message syntax and semantics:

variable CabDabDelaysPresentFlag is derived from syntax elements\feund in the bufferinjg
od SEI message that are applicable to at least one of the operation points to which the atlas
he timing SEI message applies.

bitstream (or a part thereof) refers to the bitstream subset{or-a part thereof) associated with
of the operation points to which the atlas timing SEI message applies.

The syntax of the atlas frame timing SEI message is dependent on the content of the hrd_parameters(
ructures applicable to the operation points to which theatlas frame timing SEI message applies. Thes
meters( ) syntax structures are in the ASPS that are.active for the coded atlas access unit associate
atlas frame timing SEI message. When the atlas franie timing SEI message is associated with an IRA
las access unit with NoOutputBeforeRecoveryFlag equal to 1, unless it is preceded by a bufferin
Ll message within the same access unit, the agtivation of the ASPS (and, for IRAP coded atlas frame
utputBeforeRecoveryFlag equal to 1 that are not the first atlas in the bitstream in decoding order, th
ation that the coded atlas is an IRAP NoOutputBeforeRecoveryFlag equal to 1) does not occur until th
of the first coded tile NAL unit of the ceded atlas. Since the coded tile NAL unit of the coded atlas follow
frame timing SEI message in NAL unit order, there can be cases in which it is necessary for a decodg
he RBSP containing the atlas frametiming SEI message until determining the activeASPS for the code

O~ »nn ® ® »n0g 'O 0 —

ab_removal_delay minus1| i ] plus 1 specifies, for the i-th sub-layer, the number clock tickls
the nominal CAB refmpval time of the coded atlas access unit associated with the atlas timi
sage and the precéding coded atlas access unit in decoding order that contained a bufferiﬁE
El message. This-value is also used to calculate an earliest possible time of arrival of access unjt
fa into the CABfor the HSS. The syntax element is a fixed length code whose length in bits is
bp_au_cabzremoval_delay_length_minus1 + 1.

able AuCabRemovalDelayMsb of the current atlas frame is derived as follows:

— Ift
to
AuC

eCeurrent atlas frame is associated with a buffering period SEI message that is applicab

abRemovalDelayMsb is set equal to 0.

— Otherwise, the following applies:

218

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)

he value of AuCabRemovalDelayVal shall be in the range of 1 to 232, inclusive. Within one Huffering
eriod, the AuCabRemovalDelayVal values for any two access units shall not be the same.

ft_dab_output_delay] i | is used to compute the DAB output time of the atlas frame, for the |-th sub-
layer. It specifies how many clock ticks to wait after removal of the access unit from the CAB bgfore the
ecoded atlas is output from the DAB.

OTE2 An atlas frame is not removed from the DAB at its output time whenit is still marked as [used for
short-term reference” or "used for long-term reference".

he length of the syntax element aft_dab_output_delay[ i ] is giver in bits by bp_dab_outpyt_delay_
length_minusl + 1. When asps_max_dec_atlas_frame_bufferingsminusl associated with m|nTid, is
qual to 0, where minTid is the minimum of the OpTid values of all operation points the atlas frame
timing SEI message applies to, aft_dab_output_delay[ i | shallbe equal to 0.

he output time derived from the aft_dab_output_delay][ i ] of any atlas frame that is output|from an
utput timing conforming decoder shall precede the output time derived from the aft_dab]output_
elay[ i] of all atlas frames in any subsequent CAS(in decoding order.

he atlas output order established by the.values of this syntax element shall be the same prder as
stablished by the values of AtlasFrmOrderCntVal.

or atlas frames that are not output by.the "bumping" process because they precede, in decoding order,
n IRAP coded atlas frame with NoQutputBeforeRecoveryFlag equal to 1, the output times deriyed from
ft_dab_output_delay[ i ] shall be.increasing with increasing value of AtlasFrmOrderCntVal reflative to
Il atlas frames within the same CAS.

H3.15 Viewport SEI messages family semantics

HK3.15.1 Viewportcamera parameters SEI message semantics

This SEI message defines viewport camera parameters that can be assigned to a viewport sigrjalled by
the viewportposition SEI message.

The persistence scope for this SEI message is the remainder of the bitstream or until a new Viewport
damrera parameters SEI message is encountered. Only the corresponding parameters specifigd 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 1s output for which AtlasFrmUrderCnt( aFrmB J 1s greater thah
AtlasFrmOrderCnt( aFrmA ), where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( aFrmA|)
are [the AtlasFrmOrderCntVal values of aFrmB and aFrmA, respectively, immediately after thie
invqcation of the decoding process for atlas frame order count for aFrmB.

vcp_camera_type indicates the projection method of the viewport camera. vcp_cameraltype equal tp
0 specif]es equirectangular projection. vcp_camera_type equal to 1 specifies a perspective projection.
vcp_canjera_type equal to 2 specifies an orthographic projection. vcp_camera_type values in tbe range
of 3 to 7)inclusive, are reserved for future use by ISO/IEC.

vcp_erp_horizontal_fov indicates the horizontal size of the viewport regiofi,in units of 2716 degrees.
The valye of vcp_erp_horizontal_fov shall be in the range of 0 to 360 * 21670, inclusive.

vcp_erp vertical_fov indicates the vertical size of the viewport region; in units of 2716 degrees. The
value ofvcp_erp_vertical_fov shall be in the range of 0 to 180 * 216&°1; inclusive.

vep_pernspective_aspect_ratio indicates the relative aspectiratio of the viewport for perspectivie
projectipn (horizontal/vertical).

—

vep_perspective_horizontal_fov indicates the horizontal field of view for perspective projectio
in units|of 2716 degrees. The value of vcp_perspective_horizontal_fov shall be in the range of 0 t
180 * 21p - 1, inclusive.

o

vep_ortho_aspect_ratio indicates the relativesaspect ratio of the viewport for orthogonal projectio
(horizontal/vertical).

-

vcp_ortho_horizontal_size indicates the’horizontal size of an orthogonal viewport in metres.
vep_clipping_near_plane indicateésthe distance of the near clipping plane for a given viewport in metres.

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

This SE] message defines a viewport position and orientation. The viewport could then be associatefd
with diffferent types of information such as viewport camera parameters indicated by a viewpor
camera parameters SEI message.

(i

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 SET 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
dre true:

— A new CAS begins.

— The bitstream ends.

- An atlas frame aFrmB in the current layer in a coded atlas access unit,eontaining a yiewport
position SEI message, with either an vp_cancel_flag equal to 1 or the same|yalue of vp_perdistence_
flag, applicable to the current layer is output for which AtlasFrmOrderCnt( aFrmB ) is gredter than
AtlasFrmOrderCnt( aFrmA ), where AtlasFrmOrderCnt( aFrmB ) and AtlasFrmOrderCnt( pFrmA )
are the AtlasFrmOrderCntVal values of aFrmB and aFrmA, re§pgectively, immediately 4fter the
invocation of the decoding process for atlas frame order count.for aFrmB.

<

p_position| d ] indicates a position of a viewport along the d.axis. When vp_position[ d ] is not[present,
shall be inferred to be equal to represent a view position€gual to (0.0, 0.0, 0.0). The values of d equal
b 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 region ufing the
duaternion representation. The value of vp_rotatidn_gx shall be in the range of - 214 to 214, ipclusive.
When vp_rotation_gx is not present, its value shall be inferred to be equal to 0. The value|of gX is
domputed as follows:

gX = vp_rotation_gx + 214

p_rotation_qy specifies the y component, qY, for the rotation of the viewport region uping the
uaternion representation. The (value of vp_rotation_qy shall be in the range of 0 to — 21f to 214
hclusive. When vp_rotation_qy is not present, its value shall be inferred to be equal to 0. The|value of
Y is computed as follows:

O =0 <

qY = vp_rotation_qy =214

p_rotation_qz spetifies the z component, qZ, for the rotation of the viewport region uping the
uaternion representation. The value of vp_rotation_qz shall be in the range of 0 to - 21} to 214,
hclusive. When'wp_rotation_gz is not present, its value shall be inferred to be equal to 0. The|value of
Z is computed as follows:

L =0 <

qZ=¥p_rotation_qz + 214

THe~fourth component, qW, for the rotation of the current camera model using the qupternion
representation is calculated as f01lows:

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:

It is a requirement of bitstream conformance that X2 + qY2 + qZ2 <= 1.

vpRotMatrix =

[ 1-2%(qY?+qZ%)  2*(qX*qY-qZ*qW) 2*(gX*qZ+qY*qW)

o]
2*(qX*qY+qZ*qW) 1—2*(qX2+qu) 2*(qY*qZ—gX*qW) 0
2*(qX*qZ—-qY*qW) 2*(qY*qZ+gX*qW) 1-2%(gX%+qY?) 0

1

0 0 0

vp_center_view_flag equal to 1 indicates that the viewport position signalled correspond te thle

center
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vp_left |
left ster
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a%the viewport. vp_center_view_flag equal to 0 indicates that the viewport position signalled

;[:Iified.
cel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous

ns are true:

nd to one of two stereo positions of the viewport.

view_flag equal to 1 indicates that the viewport parameters signalled correspond to the
o position of the viewport. vp_left_view_flag equal to 0 indicates that the viewport positiop
1 correspond to the right stereo positions of the viewport.

Decoded atlas information hash SEI message semantics

General

message defines hash values for decoded atlas information that are associated with the currer
AtlasID. Prior to computing the hash, the decoded atlas information and corresponding derive
th as the block to patch information, are arranged intestrings of bytes as defined in subclaus
and the hash values are calculated as specified in the'semantics of the corresponding synta

5.

)< (D L —~+

bistence scope for this SEI message is the remainder of the bitstream or until a new decodefd
brmation hash SEI message is encountered::\Qnly the corresponding parameters specified in thie
tage shall be updated. Previously defined parameters from an earlier SEI message shall persiqt

atlas information hash SEI message in coding order that applies to the atlas. daih_cancel_flalg
0 indicates that decoded atlas-information hash follows.

rsistence_flag specifiés the persistence of the decoded atlas information hash SEI messagg.
"sistence_flag equal to 0 specifies that the decoded atlas information hash SEI message applig
rrent decoded aceess unit only.

v

nA be the cuprent atlas frame. daih_persistence_flag equal to 1 specifies that the decoded atlas
Fion hash SEl'message persists for the current layer in output order until any of the followinlg

w CAS begins.

The's

i Eat |
UILS LI Tdaill TIius.

— An atlas frame aFrmB in the current layer in a coded atlas access unit containing a decoded atlas

info

rmation 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
Tas, with atlas ID equal to SeiAtlasID, is present. daih_decoded_high_level_hash_present_tlaglequal to
specifies the MD5 hash, the cyclic redundancy check (CRC), or the checksum value for the hjgh-level
slyntax elements associated with the atlas, with atlas ID equal to SeiAtlasID, will not be present.

aih_decoded_atlas_hash_present_flag equal to 1 specifies that the MD5 hash, the eyclic redfindancy

eck (CRC), or the checksum value for the patch information associated with théjatlas, with|atlas ID
qual to SeiAtlaslID, is present. daih_decoded_atlas_hash_present_flag equal to@ specifies that fhe MD5
ash, the cyclic redundancy check (CRC), or the checksum value for the patclvinformation asgsociated
ith the atlas, with atlas ID equal to SeiAtlasID, will not be present.

aih_decoded_atlas_b2p_hash_present_flag equal to 1 specifies that the MD5 hash, thHe cyclic
dundancy check (CRC), or the checksum value for the block to patch map associated with the atlas,
ith atlas ID equal to SeiAtlasID, is present. daih_decoded_atlas_b2p_hash_present_flag equal to 0
sppecifies that the MD5 hash, the cyclic redundancy check (CRG), or the checksum value for the|block to
atch map associated with the atlas, with atlas ID equal to.SeiAtlasID, will not be present.

aih_decoded_atlas_tiles_hash_present_flag equal t0 1 specifies that the MD5 hash, the cyclic
dundancy check (CRC), or the checksum values for-the patch information associated with [the tiles
the atlas, with atlas ID equal to SeiAtlasID, arepresent. daih_decoded_atlas_tiles_hash_predent_flag
qual to 0 specifies that the MD5 hash, the cyclic redundancy check (CRC), or the checksum values for
the patch information associated with the tilesin the atlas, with atlas ID equal to SeiAtlasID, will not be
resent.

aih_decoded_atlas_tiles_b2p_hash/present_flag equal to 1 specifies that the MD5 hash, the cyclic
dundancy check (CRC), or the chécksum values for the block to patch map associated with [the tiles

the atlas, with atlas ID SeiAtlasID, are present. daih_atlas_tiles_b2p_hash_present_flag equal to 0
specifies that the MD5 hash, the ¢yclic redundancy check (CRC), or the checksum values for the|block to
atch map associated with'the tiles in the atlas, with atlas ID SeiAtlasID, will not be present.

aih_reserved_1bit shall be equal to 0 in bitstreams conforming to this edition of this dqcument.
ther values for dailmreserved_1bit are reserved for future use by ISO/IEC. Decoders shall ighore the
alue of daih_reseryed_1bit.

aih_high_level_md5[i] is the i-th byte of the 16-byte MD5 hash of the high-level syntax elements of
the decoded ‘atlas associated with SeiAtlasID. The value of daih_high_level_md5[ i ] shall be equal to the
alue digestVal[ i |, obtained using the MD5 functions defined in IETF RFC 1321 and the string|of bytes
ighl.evel AtlasData with length HighLevel AtlasDataBytes, as specified in subclause F.3.16.2.2:

 V ARYull VTN i £
1V1UJ1111LL CUIILTATU )

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 hvtes HighlpvplAﬂanam with lpngf

HighLevelAtlasDataBytes, as specified in subclause F.3.16.2.2:

che¢ksum =0

for(Ji = 0; i < HighLevelAtlasDataBytes ; i++) {

xorMask = (1 & OxFF ) " (i>>8)

checksum = ( checksum + ( HighLevelAtlasData[ i | & OxFF) * xorMask) & OxFFFEFFFF
checksum = ( checksum + ( HighLevelAtlasData[ i | >> 8) * xorMask) & 0xFFFFFFFF

}

daih_at]las_md5] i ] is the i-th byte of the 16-byte MD5 hash of the decoded ‘atlas associated with
SeiAtlas|D. The value of daih_atlas_md5][ i] shall be equal to the value of digestVal[ i ], obtained using thie
MD?5 furjctions defined in I[ETF RFC 1321 and the string of bytes AtlasDatawith length AtlasDataBytes,
as specified in subclause F.3.16.2.3:

MD3Init( context )
MD3Update( context, AtlasData, AtlasDataBytes )
MD3Final( digestVal, context )

daih_at]as_crc is the cyclic redundancy check (CRC) of:the decoded atlas associated with SeiAtlasII).
The valye of daih_atlas_crc shall be equal to the value\of crcVal, obtained using the CRC specificatio
defined fin Rec. ITU-T H.271 and the string of bytes.AtlasData with length AtlasDataBytes, as specifie
in subclquse F.3.16.2.3:

jo )

crc ¥ OxFFFF
AtlasData[ AtlasDataBytes ] =0
AtlasData[ AtlasDataBytes+1]=0
for(|bitldx = 0; bitldx < ( AtlasDataBytes + 2 ) * 8; bitldx++ ) {
ataByte = AtlasData[ bitldx>> 3 ]
rcMsb = (crc>>15) &1
itval = ( dataByte >> (7 — (bitldx & 7)) ) &1
rc = (((crc<< 1) +bitVal ) & 0xFFFF ) * ( crcMsb * 0x1021 )
}

crcal = crc

=)

daih_at]las_checksum is the checksum of the decoded atlas associated with SeiAtlasID. The value
daih_atlps_checksum shall be equal to the value of checksumVal, obtained using the string of byte
AtlasDatawith length AtlasDataBytes, as specified in subclause F.3.16.2.3:

[72)

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

AtlasB2PData[ AtlasB2PDataBytes +1]=0

for( 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 )

crcVal = crc

aih_atlas_b2p_checksum is the checksum of the block to patch.ap of the atlas associated with
eiAtlasID. The value of daih_atlas_b2p_checksum shall be equal to the value of checksumVal,
btained using the string of bytes AtlasB2PData with lengthDAtlasB2PDataBytes , as spetified in
ubclause F.3.16.2.5:

W O LN a,

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

}

aih_num_tiles_minus1 plus 1 specifies’the number of tiles for which hash values will be signalled.
he value of daih_num_tiles_minusl;should be in the range of 0 to afti_num_tiles_in_atla§_frame_
hinus1, inclusive.

= =

aih_tile_id_len_minus1 plus.1 specifies the number of bits used to represent the syntax|element
aih_tile_id[ t ]. The value of)daih_tile_id_len_minus1 shall be in the range of 0 to 15, inclusive.

aih_tile_id[ t ] specifies the tile ID of the t-th tile. The length of the daih_tile_id[ t | syntax element is
aih_tile_id_len_mints1 + 1 bits. When not present, the value of daih_tile_id[ t ] is inferred to pe equal
D t. It is a requirement of bitstream conformance that daih_tile_id[ t ] should not be equal to dpih_tile_
[ j ] for all td=j

il s il @ DI = W Q.o

aih_atlas)tiles_md5[ t ][ i ] is the i-th byte of the 16-byte MD5 hash of the decoded atlas tile with tile
D equalkto t, associated with SeiAtlasID. The value of daih_atlas_tiles_md5][ t ][ i ] shall be equfal to the
alue digestVal[ i ], obtained using the MD5 functions defined in IETF RFC 1321 and the string|of bytes
ileData with length TileDataBytes, as specified in subclause F.3.16.2.4:

_ < —

MD5Init( context )
MD5Update( context, TileData, TileDataBytes )
MD5Final( digestVal, context)

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 | =

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 he equal to the value of
checksumVal, obtained using the string of bytes TileData with length TileDataBytes, as specified\.ip
subclauge F.3.16.2.4:

che¢ksum = 0

for([i = 0; i < TileDataBytes ; i++ ) {

korMask = (1 & OxFF )~ (i>>8)

checksum = ( checksum + ( TileData[ i | & 0xFF) ”» xorMask ) & 0xFFFFFFFF
checksum = ( checksum + ( TileData[ i | >> 8 ) * xorMask ) & OxFFFFFFFF

}

daih_at]as_tiles_b2p_md5][ t ][ i ] is the i-th byte of the 16-byte MD5 hash-of-the block to patch map qf
the decqded atlas tile, with tile ID equal to t, associated with SeiAtlasID. The value of daih_atlas_tiles
b2p_mdp[ t ][ i ] shall be equal to the value digestVal[ i ], obtained, uSing the MD5 functions define
in IETF |RFC 1321 and the string of bytes TileB2PData with length TileB2PDataBytes, as specified i
subclauge F.3.16.2.6:

=R ="]

MD3Init( context )
MD3Update( context, TileB2PData, TileB2PDataBytes )
MDJFinal( digestVal, context )

daih_at]as_tiles_b2p_crc[ t ] is the cyclic redundancy check (CRC) of the block to patch map of thie
decoded atlas tile, with tile ID equal to t, associated with SeiAtlasID. The value of daih_atlas_tileq_
b2p_crc| t | shall be equal to the value of creVal, obtained using the CRC specification defined i
Rec. ITU-T H.271 and the string of bytes.TileB2PData with length TileB2PDataBytes, as specified i
subclauge F.3.16.2.6:

l==]

crc ¥ OxFFFF

TileB2PData[ TileB2PDataBytes | =0

TileB2pData[ TileB2PDataBytes + 1] =0

for([bitldx = 0; bitldx < { TileB2PDataBytes + 2 ) * 8; bitldx++) {
dataByte = TileB2RData] bitldx >> 3 ]

crcMsb = (cresx15) & 1

bitVal = ( dataByte >> (7 - (bitldx & 7)) ) &1

crc = (((erc<< 1) +bitVal ) & OXFFFF ) * ( crcMsb * 0x1021 )
}

crcal = cére

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.

K3.16.2.2 High-level atlas information string of bytes

Ih this subclause, using ASPS and AFPS parameters, as described in subclauses 8.4.6.Y and 8.4.6.2, a 1D
array, HighLevelAtlasData, and a variable, HighLevel AtlasDataBytes, providing the-length of the array
ih 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( HighLevelAtlasData, HighLevel AtlasDataBytes)
HighLevelAtlasDataBytes =

AFPSApplicationByteString( HighLevel AtlasData, HighLevelAtlasDataBytes)

where the functions ASPSCommonByteString, ASPSApplicationByteString, AFPSCommonByteString,
and AFPSApplicationByteString are defined in, stubclauses E3.16.2.2.1, F.3.16.2.2.2, F.3.16.2|2.3 and
R3.16.2.2.4, respectively.

H3.16.2.2.1 Common ASPS level string-of bytes
Ifet the function ASPSCommonByteString( stringByte, posByte ) be defined as follows:

ASPSCommonByteString( stringByte, posByte ) {
stringByte[ posByte++] = asps_frame_width && OxFF
stringByte[ posBytex+ | = (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
stringByte[ 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 && 0xFF
stringByte[ posByte++ | = asps_geometry_2d_bit_depth_minusl && 0xFF
stringByte[ posByte++ | = asps_map_count_minusl && OxFF
ct‘rlh(rpvfnr hnCR‘Yf'Q-I--I-] = asps—nax— number prnlnr‘hnnc minusl && OxEFF
strlngByte[ posByte++] =asps_ patch precedence_order_flag && OxFF
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) &&
P N akblad floo | P ablad floag )\ (
L GOIJD l avv IJCIL\,II \,uauu.u 11515 II GDPQ \'Ulll l.la\-\fll \,anuu,u 1105 J J 1

stringByte[ posByte++ | = AuxVideoWidthNF && O0xFF
stringByte[ posByte++ | = (AuxVideoWidthNF >> 8 ) && 0xFF
stringByte[ posByte++ | = AuxVideoHeightNF && OxFF
stringByte[ posByte++ | = ( AuxVideoHeightNF >> 8 ) && 0xFF

stringByte[ posByte++ | = asps_plr_enabled_flag && OxFF
if( asps_plr_enabled_flag) {
for(i=0;i<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_interpolate.flag[i][j ] && OxFF
stringByte[ posByte++ | = plri_filling .flag[ i ][ j ] && OxFF
stringByte[ posByte++ | = plri_minimum_depth[i][j ] && OxFF
stringByte[ posByte++ | = plri_neighbour_minus1[i][j ] && OxFF
}

}

return posByte

}

F.3.16.2{2.3 Common AFPS levelstring of bytes
Let the function AFPSCommonByteString( stringByte, posByte ) be defined as follows:

AFPSCommonByteString( stringByte, posByte ) {
stringByte[ pasByte++ | = afti_num_tiles_in_atlas_frame_minusl && 0xFF
for (i=1;i<afti_num_tiles_in_atlas_frame_minusl + 1; i++ ) {
stringByte[ posByte++ | = TileOffsetX[ i | && 0xFF
stringByte[ posByte++ | = (TileOffsetX[i] >> 8 )&& OxFF
stringByte[ posByte++ | = TileOffsetY[ i ] && OxFF

stringByte[ posByte++ ] = (TlleOffsetY[ ] >> 8)&& OxFF

stringByte[ posByte++ | = plri_blaek_threshold_per_patch_minus1[i | && OxFF

—stringBytef posByte++ | = TiteWidthi T && OxXFF
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
1

H3.16.2.3 Atlas information string of bytes

Ih this subclause, using the atlas patch level information parameters, as described in subclause
jrray, AtlasData, and a variable, AtlasDataBytes, providing the length of the arrayin-bytes, are
nd set as output of this process as follows:

AtlasDataBytes =0

for( atlasPatchldx = 0; atlasPatchldx < AtlasTotaNumPatches ; atlasPatchldx++ ) {
AtlasDataBytes = AtlasPatchCommonByteString( AtlasData, AtlasDataBytes, atlasPatc
AtlasDataBytes = AtlasPatchApplicationByteString( AtlasData, AtlasDataBytes, atlasP4

}

where the functions AtlasPatchCommonByteString and AftasPatchApplicationByteString are
h subclauses F.3.16.2.3.1 and F.3.16.2.3.2, respectively.

—e

K3.16.2.3.1 Common atlas patch string of bytes
Ifet the function AtlasPatchCommonByteString( stringByte, posByte, p ) be defined as follows:

AtlasPatchCommonByteString( stringByte, posByte, p ) {
stringByte[ posByte++ | = AtlasRatchType[ p | & OxFF

stringByte[ posByte++ | =-AtlasPatch2dPosX[ p ] & 0xFF
stringByte[ posByte++ | =.( AtlasPatch2dPosX[ p ] >> 8 ) & OxFF
stringByte[ posByte+t | = AtlasPatch2dPosY[ p | & OxFF
stringByte[ posByte++ | = ( AtlasPatch2dPosY[ p ] >> 8 ) & OxFF
stringByte[ posByte++ | = AtlasPatch2dSizeX[ p | & OxFF
stringByte[‘posByte++ | = ( AtlasPatch2dSizeX[ p ] >> 8 ) & 0xFF
stringByte) posByte++ | = AtlasPatch2dSizeY[ p ] & OxFF
stringByte[ posByte++ | = ( AtlasPatch2dSizeY[ p ] >> 8 ) & OxFF

stringByte[ posByte++ | = AtlasPatch3dOffsetU[ p ] & OxFF
stringByte[ posByte++ | = ( AtlasPatch3dOffsetU[ p ] >> 8 ) & OxFF
stringByte[ posByte++ | = AtlasPatch3dOffsetV[ p | & 0xFF

9.2.7,an
derived

hldx )
itchldx )

defined

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
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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 ) {
stringByte[ posByte++ | = AtlasPatchInAuxVideo[ p | & 0xFF
if( AtlasPatchType[ p ] ==RAW ) {
stringByte[ posByte++ | = AtlasPatchRawPoints[ p | & OxFF
stringByte[ posByte++ | = ( AtlasPatchRawPoints[ p | >> 8 ) & OxFF
else if( AtlasPatchType[ p ] == PROJECTED ) {
blockCnt = BlockCnt( AtlasPatch2dSizeX] p ], AtlasPatch2dSizeY[p])
for(m = 0; m < asps_map_count_minus1 + 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{}j | & OxFF
stringByte[ posByte++] =
(AtlasPlrdBlockModeMinus1[p {f m][j] >> 8 ) & OxFF

}
}else{
stringByte[ posByte++ | = AtlasPl[rdModeMinus1[ p ][ m | & OxFF
stringByte[ posByte++ ] =
(AtlasPlrdBlockModeMinus1[ p ][ m ] >> 8 ) & OxFF

}

}
else 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
stringBytefpesByte++ | = (AtlasPatchEomPoints[ p ][ i] >> 8 ) & OxFF

}

return posByte

}

F.3.16.2{4 Tile information string of bytes

In this subctause, using tite patch information variabies, as defined N 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 ][ p ] & OxFF
stringByte[ posByte++ | = (TilePatch2dPosX[ t [[ p | >> 8 ) & OxFF
stringByte[ posByte++ | = TilePatch2dPosY[ t ][ p ] & OXFF

stringByte[ posByte++ | = (TilePatch2dPosY[t][p ] >> 8 ) & OxFF
stringByte[ posByte++ | = TilePatch2dSizeX[ t ][ p ] & OxFF
stringByte[ posByte++ | = (TilePatch2dSizeX[t][ p] >>8) & OxFF
stringByte[ posByte++ | = TilePatch2dSizeY[ t ][ p ] & OXFF
stringByte[ posByte++ | = (TilePatch2dSizeY[t][ p ] >> 8 ) & OxFF
stringByte[ posByte++ | = TilePatch3dOffsetU[ t ][ p ] & O0xFF
stringByte[ posByte++ | = (TilePatch3dOffsetU[ t ][ p ] >> 8) & QOXFF
stringByte[ posByte++ | = TilePatch3dOffsetV[ t ][ p ] & OxFFE,
stringByte[ posByte++ ]| = (TilePatch3dOffsetV[ t ][ p ] >> 8)-& OxFF
stringByte[ posByte++ | = TilePatch3dOffsetV[ t ][ p ] & OxFF
stringByte[ posByte++ | = (TilePatch3dOffsetV[ t ][ p] >>8) & OxFF
stringByte[ posByte++ | = TilePatch3dOffsetD[ t ][ p ] & OxFF
stringByte[ posByte++ | = (TilePatch3dOffsetD[ tJ] p ] >> 8 ) & OxFF
stringByte[ posByte++ | = TilePatch3dRangeD[.t][ p ] & OxFF
stringByte[ posByte++ | = (TilePatch3dRangeD[t][ p ] >>8) & OxFF

stringByte[ posByte++ | = TilePatchProjectionID[ t ][ p ] & OxFF
stringByte[ posByte++ | = TilePatch@pientationIndex| t ][ p ] & OxFF

stringByte[ posByte++ | = TilePatchLoDScaleX[ t ][ p ] & OXFF
stringByte[ posByte++ | = (TilePatchLoDScaleX[t][ p ] >> 8 ) & OxFF
stringByte[ posByte++ | = TilePatchLoDScaleY[ t ][ p ] & OxFF
stringByte[ posByte++ ] ={(TilePatchLoDScaleY[ t][ p ] >> 8) & 0xFF

return posByte

}

K3.16.2.4.2 Application based tile patch string of bytes
Ijet the functioh-TilePatchApplicationByteString( stringByte, posByte, t, p ) be defined as folloyvs:

TilePatehApplicationByteString( stringByte, posByte, t, p) {
stringByte[ posByte++ | = TilePatchInAuxVideo[ p | & OxFF
if( TilePatchType[t][ p] == RAW ) {
stringByte[ posByte++ | = TilePatchRawPaints[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 ][ p ] & OxFF
[ | A
L] J

fraanaD o o DPaztay o 1 LTl oDt oL D o Dot ol C o o | | Q (o AT A
stringBytefposByte+——={TFHePRatchFomPatchCount i p>>83-& 0+
for(i=0;i< TilePatchEomPatchCount[t][p]; i++) {

stringByte[ posByte++ | = TilePatchEomPoints[ t ][ p ][ i] & OxFF
stringByte[ posByte++ | = (TilePatchEomPoints[t][p][i] >> 8 ) & 0xFF

return posByte

}

F.3.16.2{5 Atlas block to patch string of bytes

=

In this qubclause, using the block to patch maps from each atlas, as defined in subclause 9.2.7.2, a
array, AtflasB2PData and a variable AtlasB2PDataBytes,providing the length of the array in bytes, ar
derived pnd set as output of this process as follows:

[¢)

AtlasB2PDataBytes = 0
for(ly = 0; y < AtlasBlockToPatchMapHeight; y++) {
for( x = 0; x < AtlasBlockToPatchMapWidth; x++ ) {
b2pVal = ( AtlasBlockToPatchMap[y ][ x] ==&1) ?
OxFFFF : AtlasBlockToPatchMap[ y ][.x
AtlasB2pData[ AtlasB2PDataBytes++ |:&b2pVal & 0xFF
AtlasB2pData[ AtlasB2PDataBytes+x+ |'= (b2pVal >> 8 ) & OxFF

}

F.3.16.2|6 Tile block to patch string of bytes

In this pubclause, using the bleck/ to patch maps for a tile with tile ID equal to t, as defined i
subclauge 9.2.6, an array, TileB2PData and the variable TileB2PDataBytes, providing the length in bytg
of the arfray, are derived and.set as output of this process as follows:

[Z0=]

TileB2PDataBytes~=0

for(ly = 0; y < TileBlockToPatchMapHeight[ t |; y++) {

for( x = 0;x< TileBlockToPatchMapWidth[ t ]; x++ ) {
b2pVal = ( TileBlockToPatchMap[t][y][x]==-1)7

[

OxFFFF : TileBlockToPatchMap[ t][y ][ x ]
TileB2pData[ TileB2PDataBytes++ | = b2pVal & OxFF
FiteBZpbatatTHeB2PBataBytes++1=(b2pVal>>8)-&0=FF

}

F.3.17 Time code SEI message semantics

The time code SEI message provides time code information similar to that defined by SMPTE ST 12-1
(2014) for atlas 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-
matched to DAB output times. However, the time code SEI message does not affect the output ©xdér|and DPB
output timing defined in this document.

um_units_in_tick is the number of time units of a clock operating at the frequeney time_scal¢ Hz that
orresponds to one increment (called a clock tick) of a clock tick counter. numi_units_in_tick|shall be
reater than 0. A clock tick, in units of seconds, is equal to the quotient of mum_units_in_tickl divided
y time_scale. For example, when the frame rate of an atlas signal is 25 Hz, time_scale may belequal to
7 000 000 and num_units_in_tick may be equal to 1 080 000 and conseqiéntly a clock tick may jpe equal
b 0.04 seconds. When vui_timing_info_present_flag is equal to 1, it iS'a requirement of V3C bjtstream
onformance that the value of num_units_in_tick shall be equal to theyvalue of vui_num_units_ijn_tick.

Q o Noigo o =

ime_scale is the number of time units that pass in one second.For example, a time coordinat¢ system
hat measures time using a 27 MHz clock has a time_scale 9£27 000 000. The value of time_scale shall
e greater than 0. When vui_timing_info_present_flag is eéqual to 1, it is a requirement of V3C bitstream
onformance that the value of time_scale shall be equalite the value of vui_time_scale.

Q oot e+

ounting_type specifies the method of dropping values of the n_frames syntax element as spdcified in
able 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

ne.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 geconds_
value;minutes_value and hours_value. full_timestamp_flag equal to 0 specifies that the n_frames syntax

lement 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 countlng type is equal to 2 and cnt dropped flag is equal to 1 n_ frames shall be equal to1l and

the value-e y
present) shall not be equal to 0 unless dlscontmulty_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_scalé equal
50 and npm_units_in_tick equal to 2) can be avoided by occasionally skipping over the value n_frames equal 4
0 when counting (e.g., counting n_frames from 0 to 12, then incrementing seconds_value and counting n_framg
from 1 td 12, then incrementing seconds_value and counting n_frames from 0 to 12, etc.).

wn O O

o

When cqunting_type is equal to 3, and cnt_dropped_flag is equal to 1, n_frames/shall be equal to 0 an
the value of n_frames for the previous set of clock timestamp syntax elements\ih output order (whe
present] shall not be equal to MaxFPS - 1 unless discontinuity_flag is equal-te-1.

=

NOTE 3 | When counting_type is equal to 3, 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 tjo
50 and npm_units_in_tick equal to 2) can be avoided by occasionally skipping over the value n_frames equal to
MaxFPS t+ 1 when counting (e.g., counting n_frames from 0 to 12, then‘iicrementing seconds_value and countinfg
n_frameq from 0 to 11, then incrementing seconds_value and counting'n_frames from 0 to 12, etc.).

—_—

When cqunting_type is equal to 4 or 5, and cnt_dropped_flag is equal to 1, n_frames shall not be equj
to 1 plug the value of n_frames for the previous set of cloek timestamp syntax elements in output orde
(when present) modulo MaxFPS unless discontinuity=flag is equal to 1.

—

NOTE 4 | When counting_type is equal to 4 or 5/the need for increasingly large magnitudes of tOffset in
Formula [F.3) when using fixed non-integer framerates can be avoided by occasionally skipping over some valug
of n_frames when counting. The specific values of n_frames that are skipped are not specified when counting_
typeis eI];ual to 4 or 5.

[72)

secondg_flag equal to 1 specifies\that seconds_value and minutes_flag are present when ful
timestaimp_flag is equal to 0. seconds_flag equal to 0 specifies that seconds_value and minutes_flag ar
not present.

[

secondg_value specifies thévalue of sS used to compute clockTimestamp. The value of seconds_val
shall befin the range of-0-fo 59, inclusive. When seconds_value is not present, its value is inferred to b
equal to[the value of seconds_value for the previous set of clock timestamp syntax elements in decodin|
order, and it is required that such a previous seconds_value shall have been present.

minutes_flag équal to 1 specifies that minutes_value and hours_flag are present when full_timestam
flag is efgual.to 0 and seconds_flag is equal to 1. minutes_flag equal to 0 specifies that minutes_val
and houfsZflag 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.

234 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090-5:2021(E)

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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G1 G

This an
atlas, id
externa

VUI parjameters are not required for constructing the atlas by the decoding process. Conforminig
decoderp are not required to process this information for output order conformafice to this documerjt
(see Annjex E for the specification of output order conformance). Some VUI pardmeters are required tp
check bifstream conformance and for output timing decoder conformance.

In this gnnex, specification for presence of VUI parameters is also satisfied when those parameters

(or som

this dochiment. When present in the bitstream, VUI parameters shall follow the syntax and semantid

specifie
some m

parameters is not required to use the same syntax specified<n’this annex. For the purpose of countinjg

bits, onl

G.2 VUI syntax

G.2.1 YUI parameters syntax

Annex G
(normative)

Volumetric usability information

bneral

hex specifies syntax and semantics of the VUI parameters of the ASPSs associated.'with a
entified with an atlas ID, VUIAtlasID, which is set equal to vuh_atlas_id or determined’throug
means if the V3C unit header is unavailable.

> =

e subset of them) are conveyed to decoders (or to the HRD) By other means not specified ip
S

l in this annex. When the content of VUI parameter$)is’ conveyed for the application bfy
bans other than presence within the bitstream, the representation of the content of the VUI

 the appropriate bits that are actually present in-the bitstream are counted.

vui_parfameters( ) { Descriptor
vuil timing_info_present_flag u(1)
if( ui_timing_info_present-flag ) {
vui_num_units_in_tick u(32)
vui_time_scale u(32)
vui_poc_proportional_to_timing_flag u(1)
if( vui_pocezproportional_to_timing_flag )
vuivnum_ticks_poc_diff_one_minus1 ue(v)
vui_htd_parameters_present_flag u(1)

ifCvui_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
if( vui_display_box_info_present_flag) { (\‘l/ )
for(d=0;d < 3;d++) { oV
vui_display_box_origin[ d ] Y - y(v)
vui_display box_size[ d ] Al \~ u(v)
} -V
} <
vui_anchor_point_present_flag O\V u(1)
if( vui_anchor_point_present_flag ) X \(Ov
for(d=0;d < 3; d++) L, o
vui_anchor_point[ d ] AQY y(v)
] \\({ 3
N
(.2.2 HRD parameters syntax (%
O
hrd_parameters( maxNumSubLayersMinusl,}@ Descriptor
hrd_nal_parameters_present_flag A\v u(1)
hrd_acl_parameters_present_f\lgalg,Q u(1)
if( hrd_nal_parameters_presgq@ﬁg || hrd_acl_parameters_present_flag ) {
hrd_bit_rate_scale ) u(4)
hrd_cab_size_sca’!\@ ’ u(4)
} >
for(i=0;i<=makNumSubLayersMinusl; i++) {
hrd_fixgtltgﬁlas_rate_general_flag[ i] u(1)
if( !h;\QlT‘fed_atlas_rate_general_flag[ i])
A@sa_fixed_atlas_rate_within_cas_flag[ i] u(1)
,(?‘\ 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_sult_layer_parameters( hrdMode, subLayerID ) { Descriptor
for(j = 0;j <= CabCnt; j++) { )4
hrd_bit_rate_value_minus1[ hrdMode ][ subLayerID ][ ] beeK/)
hrd_cab_size_value_minus1[ hrdMode ][ subLayerID ][ j ] ‘ Q'ue(v)
hrd_cbr_flag[ hrdMode ][ subLayerID ][ j ] oy u(
} (\')‘ v
} K%
G.2.4 Maximum coded video resolution syntax s\\%
max_cojded_video_resolution( ) { Y% ™ Descriptor
mcy_occupancy_resolution_present_flag ) u(l)
mcy_geometry_resolution_present_flag u(1)
mcy_attribute_resolution_present_flag u(1)
if( ;ncv_occupancy_resolution_present_flag ) {
mcv_occupancy_width Q@ ue(v)
mcv_occupancy_height AA\ ue(v)
\\J
} N
if( mcV_geometry_resolution_preseplg‘t&d:g ){
mcv_geometry_width L V ue(v)
mcv_geometry_height f'\$\ ue(v)
} O~
if( mcv_attribute_reso}g\@ﬁ_present_flag ){
mcv_attribute @d’fh ue(v)
mcv_attribgfg)ﬁ'eight ue(v)
} el
} =
e
G.2.5 (o6ordinate 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.

ui_num_units_in_tick is the number of time units of a clock operating at the frequency vui_time_scale
z that corresponds to one increment (called a clock tick) of a clock tick counter. vui_numCumnit$_in_tick
shall be greater than 0. A clock tick, in units of seconds, is equal to the quotient of vui_num unit$_in_tick
divided by vui_time_scale. For example, when the frame rate of an atlas signal is 25 Hz) vui_time_scale
ay be equal to 27 000 000 and vui_num_units_in_tick may be equal to 1 080 000\and consedquently a
dlock tick may be equal to 0.04 seconds.

ui_time_scale is the number of time units that pass in one second. Forexample, a time coprdinate
slystem that measures time using a 27 MHz clock has a vui_time_scale af27 000 000. The valuf of vui_
time_scale shall be greater than 0.

ui_poc_proportional_to_timing_flag equal to 1 indicates that.the atlas frame order count yalue for
dach atlas frame in the CAS that is not the first atlas frame in the\CAS, in decoding order, is progortional
tp the output time of the atlas frame relative to the output tithe of the first atlas frame in the (AS. vui_
Joc_proportional_to_timing_flag equal to 0 indicates thdp the atlas frame order count value [for each
las frame in the CAS that is not the first atlas frame inthe CAS, in decoding order, may or mgy not be
Jroportional to the output time of the atlas frame relative to the output time of the first atlas frame in
the CAS.

ui_num_ticks_poc_diff one_minus1 plus 1-Specifies the number of clock ticks corresponding to a
difference of atlas frame order count values equal to 1. The value of vui_num_ticks_poc_diff one_
inus1 shall be in the range of 0 to 232 (2, inclusive.

ui_hrd_parameters_present_flag(equal to 1 specifies that the syntax structure hrd_parameters( )
5 present in the vui_parameters(;*) syntax structure. vui_hrd_parameters_present_flag eqpal to 0
specifies that the syntax structure hrd_parameters( ) is not present in the vui_parameters( | syntax
sftructure.

ui_tile_restrictions_present_flag equal to 1 specifies that the syntax elements vui_fixed_atlas_tile_
structure_flag, vui-fixed_video_tile_structure_flag, vui_constrained_tiles_across_v3c_components_
iflc, and vui_maxsium_tiles_per_atlas_minusl are present in the vui_parameters( ) syntax stiructure.
ui_tile_restriction’s_present_flag equal to 0 specifies that the syntax elements vui_fixed_atlas_tile_
structure_flag;vui_fixed_video_tile_structure_flag, vui_constrained_tiles_across_v3c_compong¢nts_idc,
and vui_max_hum_tiles_per_atlas_minus1 are not present in the vui_parameters( ) syntax structure.

ui_fixed_atlas_tile_structure_flag equal to 1 indicates that all the atlas frames of the currgnt atlas
shall*have the same tiling structure. vui_fixed_atlas_tile_structure_flag equal to 0 indicates that atlas
2 atla iling o i_fixdd_atlas_
tile_structure_flag syntax element is not present, it is inferred to be equal to 0.

e Q ne 1 np Q np are nave ne ame N0 ALhen e

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 olutside the 0 to 4 range, inclusive, are reserved for future use by ISO/IEC. It is a requirement.af
bitstream conformance that bitstreams conforming to this edition of this document shall not contain

such valjues of vui_constrained_tiles_across_v3c_components_idc.

Video tiles can be independent coding units defined by the video or image coding specification and
may varjy in name according to such specification. Names could include slices, partitiofis, tiles, or suk
pictureg, among others. Some specifications may not support multiple tiles, i.e. arecdimited to a single
video tile. The specification of such tiles is outside the scope of this document.

vui_constrained_tiles_across_v3c_components_idc equal to 0 means that the-tile sizes of the video ar

constra:lned only by the video coding specification used. The tile sizes of’the atlas sub-bitstream ar
constrained by this document.

D

vui_constrained_tiles_across_v3c_components_idc equal to 1 means\that the tile sizes of the video and
atlas sulp-bitstreams are constrained as follows:

For eacH tile in the atlas sub-bitstream, there is a corresponding video tile for each video sub-bitstrearm
present |(attributes, geometry and occupancy) such that the video tile, when scaled to the nomingl
format, ps defined in Annex B.2, represents exactly the'same area on the atlas as the corresponding
atlas tilg.

NOTE 1 | In this edition of this document, the nominalformat has the same resolution as the atlas.

Let the width and height of the video be vidéeWidth and videoHeight, respectively. Let the width and
height of the video tile be videoTileWidth-and videoTileHeight, respectively. Let the width and height ¢
the atlag tile be atlasTileWidth and atlasTileHeight, respectively. Then,

=)

videoTilgWidth = atlasTileWidth *wideoWidth / asps_frame_width and
videoTileHeight = atlasTileHeight™ videoHeight / asps_frame_height.

It shall He possible to decode-each video tile that corresponds to a tile in the atlas sub-bitstream without
referende to any inforntation 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 video and
atlas sulp-bitstreams are constrained as follows:

For eacH tilé\in the atlas sub-bitstream, there is a set of video tiles for each video sub-bitstream preserjt
(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.

ui_constrained_tiles_across_video_components_idc equal to 4 means that for all video sub-bitstreams,
he tiling pattern, after scaling to the nominal format, as defined in Annex B.2, is considered, is such
hat one of the following must hold for any pair of tiles, X from one sub-bitstream and-Yfrom|another
ub-bitstream:

W o <

- Xand Y are non-overlapping

- X is completely contained in Y

- Y is completely contained in X.

et

[ shall be possible to decode each tile in the video sub-bitstreams without reference to any infdrmation
ffom other tiles in that video bitstream.

NOTE 4 In this edition of this document, the nominal format lfasithe same resolution as the atlas.

—

he sizes of the tiles in the auxiliary atlas sub-bitstream and the video tiles in the auxiliafy video
ub-bitstreams are also constrained depending on the value of vui_constrained_tiles_acrosjs_video_
omponents_idc.

([@E%]

<

ui_max_num_tiles_per_atlas_minus1 plus Lindicates the maximum number of tiles present injthe CAS.

ui_max_coded_video_resolution_present_flag equal to 1 specifies that the syntax structyre max_
oded_video_resolution( ) is present in the vui_parameters( ) syntax structure. vui_max_codefl_video_
esolution_present_flag equal to 0 specifies that the syntax structure max_coded_video_resolufion( ) is
ot present in the vui_parameters()) syntax structure.

=0 =5 o <

ui_coordinate_system_parameters_present_flag equal to 1 specifies that the syntax structure
oordinate_system_parameters( ) is present in the vui_parameters( ) syntax structure. vui_coordinate_
ystem_parameters_present_flag equal to 0 specifies that the syntax structure coordinate system_
arameters( ) is notpresent in the vui_parameters( ) syntax structure.

= v o <

<

ui_unit_in_metres_flag equal to 1 specifies that the real-world coordinates information is expressed
h metres. vuifuhit_in_metres_flag equal to 0 specifies that the world coordinates are unitlesk. If vui_
unit_in_metres_flag is not present, it shall be inferred to be equal to 0.

—e

<

ui_display_box_info_present_flag equal to 1 specifies that the syntax elements vui_display_box_
rigin['d ] and vui_display_box_size[ d | are present in the vui_parameters( ) syntax structfire. vui_
. hox_info_ ) S i di _hox_otigin[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.

Q.0

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 ] (G.1)
maxOffset[ d ] = vui_display_box_origin[ d ] + vui_display_box_size[ d ] (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 fin the vui_parameters( ) syntax structure. vui_anchor_point_present_flag equal to 0 indicates
that vuifanchor_point[ d ] elements are not present.

vui_andhor_point| d ] indicates a position of an anchor point along the d axis. The value of vdi, anchoj
point[ d|] shall be in range of 0 to 2asps_geometry_3d_bit_depth_minus1+1 — 1 [f yui_anchor_poifit] d ] is ng
present fit shall be inferred to be equal to 0. The number of bits used to represent vui_anchor_point[ d
is asps_geometry_3d_bit_depth_minusl + 1. The values of d equal to 0, 1 and 2 correspond to the X,
and Z axis, respectively.

e+

G.3.2 HRD parameters semantics

—

The hrd parameters( ) syntax structure provides HRD parameters used-in the HRD operations fd
a layer get. It is a requirement for bitstream conformance to this edition of this document that only
one laydr shall be supported, i.e. nal_layer_id and nal_temporal_id-shall be equal to 0. When the hrd
parameters( ) syntax structure is included in an ASPS, the layeb set to which the hrd_parameters(
syntax dtructure applies is the layer set for which the associated layer identifier list contains all nal_
layer_id[values present in the CAS.

~—r |

For intefpretation of the following semantics, the bitstream (or a part thereof) refers to the bitstrear
subset (pr a part thereof) associated with the layer setito which the hrd_parameters( ) syntax structun
applies.

[CIR=]

hrd_nal parameters_present_flag equal to 1"specifies that NAL HRD parameters (pertaining to Typje
I bitstr¢am conformance) are present in the'hrd_parameters( ) syntax structure. hrd_nal_parameterg_
present]flag equal to 0 specifies that NAL'\HRD parameters are not present in the hrd_parameters(|)
syntax structure.

NOTE 1 | When hrd_nal_parameters_present_flag is equal to 0, the conformance of the bitstream cannot b
verified yvithout provision of the NAI HRD parameters and all buffering period and atlas timing SEI messages, by
some mepns not specified in this document.

[¢)

hrd_acl| parameters_present_flag equal to 1 specifies that ACL HRD parameters (pertaining t
all bitstream conformance types) are present in the hrd_parameters( ) syntax structure. hrd_acl_
parameters_present.flag equal to 0 specifies that ACL HRD parameters are not present in the hrd_
parameters( ) syatax structure.

o

NOTE 2 | When hrd_acl_parameters_present_flag is equal to 0, the conformance of the bitstream cannot b
verified yvithout provision of the ACL HRD parameters and all buffering period and atlas timing SEI messages, b

4 YO IR DR | 4
some meafshotspecirrea s aocuieit:

[¢)

<

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 ] equal to 0 indicates that
this constraint may not apply. When hrd_fixed_atlas_rate_within_cas_flag[ i ] 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_duration_in_tc_minus1[ i | plus 1, when present, specifies, when Htid is e(tlal to i,
the temporal distance, in clock ticks, between the elemental units that specify the HRD-6utput times
df consecutive atlases in output order as specified below. The value of hrd_elemental_duratidn_in_tc_
minusl[i] shall be in the range of 0 to 2047, inclusive.

Vhen Htid is equal to i and hrd_fixed_atlas_rate_general_flag[i] is equal to 1 for-a-CAS containfng atlas
Fame n, the value computed for DabOutputinterval[ n ] shall be equal to ClockTick * ( hrd_el¢mental _
uration_in_tc_minus1[i] + 1 ), wherein ClockTick is as specified in Formula/(E.1) (using the|value of
lockTick for the CAS containing atlas frame n) when one of the following conditions is tru¢ for the
bllowing atlas in output order nextAtlasFramelnOutputOrder that is specified for use in Formulia (E.12):

QL

+ the atlas frame nextAtlasFramelnOutputOrder is in the same GAS as the atlas frame n.

+ the atlas frame nextAtlasFramelnOutputOrder is in addifferent CAS and hrd_fixed_atlas_rate_
general_flag[ i ] is equal to 1 in the CAS containing the‘ablas frame nextAtlasFramelnOutputOrder,
the value of ClockTick is the same for both CASs, and the value of hrd_elemental_duratiqn_in_tc_
minusl[i] is the same for both CASs.

When Htid is equal to i and hrd_fixed_atlas_rateswithin_cas_flag[ i ] is equal to 1 for a CAS coptaining
dtlas frame n, the value computed for DabOutputinterval[ n ] shall be equal to ClockTick [* ( hrd_
lemental_duration_in_tc_minus1[i] + 1), wherein ClockTick is as specified in Formula (E.1) (ysing the
alue of ClockTick for the CAS containing atlas frame n) when the following atlas frame in outgut order
extAtlasFramelnOutputOrder that is specified for use in Formula (E.12) is in the same CAS|as atlas
Fame n.

el Tl ¢)

rd_low_delay_flag[ i | specifies-the HRD operational mode, when Htid is equal to i, as spegified in
nnex E. When not present, the value of hrd_low_delay_flag[ i ] is inferred to be equal to 0.

o =

NOTE3  When hrd_low_delay_flag[i] is equal to 1, it is possible for "big atlases" that violate the nonjinal CAB
removal times due to thesnimber of bits used by an access unit. It is expected, but not required, that puch "big
atlases" occur only occasionally.

hrd_cab_cnt_minus1[ i] plus 1 specifies the number of alternative CAB specifications in the bitstream
df the CAS whenHtid is equal to i. The value of hrd_cab_cnt_minus1][ i ] shall be in the range of 0 to 31,
inclusive. Whén not present, the value of hrd_cab_cnt_minus1[ i ] is inferred to be equal to 0.

(.3.3 VHRD sub-layer parameters semantics

TMhavarinhla CabhCntic cat aagualta hrd cqah ot iy
I'evaHiaure-edBeshitti55ete —tO-1Ha—€ He—HHH

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 bitStl dlll L,UllfUI ITIAIICT. }ll d_\.a]u_aibc_valuc_uliuubl[ }l ][ l ][ J ] D}la}} ]IJC ill thc 1a115c Uf C tU 227 L)

inclusiv¢. For any j greater than 0 and any particular value of i, hrd_cab_size_value_minus1[ h ][ iH[
shall be [less than or equal to hrd_cab_size_value_minus1[h][i][j-1 ]

[—)

The CAH size in bits is given by:
Cab$ize[h][i][j] = (hrd_cab_size_value_minus1[ hJ[i][j] + 1) * 2(# + hrd_cab_size_scale) (G4

When the hrd_cab_size_value_minus1[ h ][i][j] syntax element is not present, thevalue of CabSize[ h|]
[i][j]i$ inferred to be equal to MaxCABSize, where MaxCABSize is specified in\Anhnex A.

hrd_cbry flag[ h ][i][j] equal to O specifies that to decode this CAS bitstream by the HRD using the j-th
CAB spdcification, for the i-th sub-layer and with h indicating the type-of bitstream conformance, thie
hypothetical stream scheduler (HSS) operates in an intermittent bitrate mode. hrd_cbr_flag[ h ][ i ][ ]
equal to[1 specifies that the HSS operates in a constant bit rate (CBR))mode. When not present, the value
of hrd_cpr_flag[ h ][i][j] is inferred to be equal to 0.

[—)

G.3.4 Maximum coded video resolution semantics

mcv_oc¢upancy_resolution_present_flag equal to«\l specifies that the syntax elements mcy
occuparfcy_width and mcv_occupancy_height are present in the max_coded_video_resolution( ) synta
structurle. mcv_occupancy_resolution_present_flag equal to 0 specifies that the syntax element]
mcv_ocdupancy_width and mcv_occupancy_height are not present. When mcv_occupancy_resolution
present]flag is not present, its value is inferred to be equal to 0.

2B

mcv_gepmetry_resolution_present_flag'equal to 1 specifies that the syntax elements mcv_geometry_
width and mcv_geometry_height are\present in the max_coded_video_resolution( ) syntax structureg.
mcv_gedmetry_resolution_present_flag equal to 0 specifies that the syntax elements mcv_geometry
width and mcv_geometry_height.are not present. When mcv_geometry_resolution_present_flag is ng
present)|its value is inferred tobe equal to 0.

=+ |

mcv_attribute_resolution_present_flag equal to 1 specifies that the syntax elements mcv_attributg_
width and mcv_attribute_height are present in max_coded_video_resolution( ) syntax structure. mcy
attributg_resolution=present_flag equal to 0 specifies that the syntax elements mcv_attribute_widt
and mcy_attribute height are not present. When mcv_attribute_resolution_present_flag is not present,
its valug is inferred to be equal to 0.

=2

mcv_oc¢upancy_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.

_g¢ s _heigh necifie he maxim '_ alue allowed for an ame in the geometry
xiliary and non-auxiliary sub-bitstreams of the current atlas, VUIAtlasID. mcv_geometry_height shall
e larger than or equal to DecGeoHeight[ geoBitstreamldx ][ i ] and DecGeoAuxHeight[ j-],,ag defined
h subclause 9.4, with geoBitstreamldx in the range of 0 to vps_multiple_map_stréams_present_
ag[ VUIAtlasID ] ? vps_map_count_minus1[j]: 0, inclusive, i in the range of 0 to NumDecGeoFrames - 1,
hclusive, and j in the range of 0 to NumDecGeoAuxFrames - 1, inclusive. If mcv_geometry_height is not
resent, then no constraint to the height of the geometry auxiliary and non-auxiliary sub-bitstream
Fames is specified.

— et = = Q)

mcv_attribute_width specifies the maximum width value allowed for,any frame in the attribute
xiliary and non-auxiliary sub-bitstreams of the current atlas, ¥UIAtlasID. mcv_attribute_width
shall be larger than or equal to DecAttrWidth|[ attrldx ][ partldx ][ attrBitstreamldx ][|i ] and

ecAttrAuxWidth[ attrldx ][ partldx ][ j ], as defined in subcladse*9.5, with attrldx in the range of 0
tp ai_attribute_count[ VUIAtlasID ] - 1, inclusive, partldx in the-range of 0 to ai_attribute_dimension_

artitions_minus1[ VUIAtlasID ][ attrldx ], inclusive, attrBitstreamldx in the range of 0 to vps_rhultiple_

ap_streams_present_flag[ VUIAtlasID | ? vps_map_count_minusl[j]: 0, inclusive,, i in the rgnge of 0
tp NumDecAttrFrames - 1, inclusive, and j in the rangeof 0 to NumDecAttrAuxFrames - 1, inclusive. If
cv_attribute_width is not present, then no constraintto the width of the attribute auxiliary and non-
xiliary sub-bitstream frames is specified.

cv_attribute_height specifies the maximum" height value allowed for any frame in the 3ttribute
xiliary and non-auxiliary sub-bitstreamis of the current atlas, VUIAtlasID. mcv_attribute_height
shall be larger than or equal to DecAftrHeight[ attrldx ][ partldx ][ attrBitstreamldx ][|i ] and
ecAttrAuxHeight[ attrldx ][ partldxJ}| j ], as defined in subclause 9.5, with attrldx in the range of 0
tp ai_attribute_count|[ VUIAtlasID.}:=-1, inclusive, partldx in the range of 0 to ai_attribute_dimension_
artitions_minus1[ VUIAtlasID ][‘attrldx ], inclusive, attrBitstreamlIdx in the range of 0 to vps_rhultiple_
ap_streams_present_flag[ VUIAtlasID | ? vps_map_count_minusl[j] : 0, inclusive,, i in the rgnge of 0

tp NumDecAttrFrames - 14 inelusive, and j in the range of 0 to NumDecAttrAuxFrames - 1, inclusive. If
cv_attribute_height is fiot present, then no constraint to the height of the attribute auxiliary gnd non-
xiliary sub-bitstream)frames is specified.

(¢.3.5 Coordinate system parameters semantics

The coordinate system parameters assign the orthogonal directions forward, left and up to|the axis
hdices 082 corresponding to abstract dimensions x, y and z.

—

o

spAorward_axis specifies the axis index of the forward direction. The variable CspForward AkisIndex
5 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
derived as follows:

CspLeftAxisindex = (CspForwardAxisIndex + csp_delta_left_axis_minusl + 1) % 3 (G.6)

The variable CspUpAxisindex is derived from the CspForwardAxisIndex and CspLeftAxisIndex
variables:
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if( CspForwardAxisIndex != (CspLeftAxisIndex + 1) % 3)

CspUpAxisindex = (CspLeftAxisIndex + 1) % 3 (G.7)

else

CspUpAxisindex = (CspLeftAxisIndex + 2) % 3 (G.8)

csp_forward_sign specifies the forward direction in relation to the forward axis. csp_forward_sign

equal to
equal to

The varjable array CspForwardVector[ i ] is the forward direction as a unit vector withdi<the axis
numberjand is derived as follows:

for(i=(
Csp}

csp_left
that the

directioh is opposite to the left axis direction.

The var

derived ps follows:

for(i=(
Cspl

csp_up_lsign specifies the up direction in relation to the up axis. csp_up_sign equal to 1 specifies tha
the up dlirection is equal to the up axis direction. csp_up_sign equal to 0 specifies that the up directio
is opposiite to the up axis direction.

The var

derived ps follows:

1 specifies that the forward direction is equal to the forward axis direction. csp_forward_sigh
0 specifies that the forward direction is opposite to the forward axis direction.

;1< 35 0++)

orwardVector[ i ] = (i == CspForwardAxisIndex ) ? (2 * csp_forward_sign-1): 0 (G9

[72)

sign specifies the left direction in relation to the left axis. csp_left=sign equal to 1 specifig
left direction is equal to the left axis direction. csp_left_sign equal to 0 specifies that the lef

ot

able array CspLeftVector[ i ] is the left direction as a unit vector with i the axis number and is

;i< 35 i++)

eftVector[i] = (i == CspLeftAxisindex) ? (2 *&sp_left_sign-1):0 (GaQ)

==

able array CspUpVector|[ i ] is'the up direction as a unit vector with i the axis number and is

for(i=(Q;i<3;i++)
CspUpVector[i] = (i ==CspUpAxisindex ) ? (2 * csp_up_sign-1):0 (G111
NOTE The three_ Yectors CspForwardVector, CspLeftVector and CspUpVector can be combined into [a

coordinale transfefmation matrix for rendering purposes. The layout of the coordinate transformation matrix

out of sc

[72)

pe of thissdocument.
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Annex H
(normative)

Video-based point cloud coding

.1 General

hisannex specifies the syntax, semantics, decoding, post-decoding, pre-reconstruction,reconstruction,

ost-reconstructions, and adaptation processes for video-based point cloud compression that use the
slyntax, semantics, decoding, post-decoding, pre-reconstruction, reconstruction, post-reconstiuctions,

nd adaptation processes specified in Clauses 2 through 14, inclusive and Anitex”A through Annex F,
inclusive. This annex also specifies profiles, tiers and levels for video-based point cloud comprgssion.

H.2 Overall V-PCC characteristics, decoding operations-and post-decoding
processes

H.2.1 V3C characteristics

|

he specifications in subclause 6.1 apply.

o

[.2.2 V3C bitstream characteristics, decoding operations and post-decoding prodesses

his subclause provides high-level description,of the characteristics and the operations needef for the
ecoding of V3C bitstreams and optional post-decoding and reconstruction related processeg needed
y applications, which may include nominal format conversion, pre-reconstruction, reconstruction,
ost-reconstruction and adaptation.

s mentioned in subclause 6.1, aV3C bitstream is composed of a collection of V3C components,
uch as atlas, occupancy, geometry and attribute components. Furthermore, to provide additional
inctionalities and similar flexibility as available in many video specifications, the atlas component
hay be divided into tiles and‘is encapsulated into NAL units. Clause 7 provides further details on the
ncapsulation of V3C coraponent bitstreams into V3C units and NAL units.

D = = wn o hollloulieol—

3C bitstream syntax elements and their semantics are specified in Clause H.4. Particular|focus is
laced on the atlds-bitstream, its characteristics, and any constraints that may apply on such syntax.

utputs composed of decoded atlas information, a set of decoded video streams, corresponding to the
ccupangy, geometry and attribute components, if available, and any associated information from the

!

)t

(lause H.5 invokes the decoding process of a V3C bitstream or a collection of V3C sub-bitstreams, with
0

(o

VPS/if available.

Tl | dadd 1 d £ 3 +1 1; 3 £ o d 343 1+ £, 43 | 'b d‘
1I'TICT UTLUUTU VIUTU 11 dIIITCS lllCl_y lCld\zlllC LIIC Cll)lJllLClLlUll Ul duuitivlidl LI dIIS1IUI'ITIAdLIVUILIS, doS ucox,rl e n

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 r¢constructed point cloud, as specified in subclauses H.8.2, H.8.3 and H.8.8, respectively.

Depending on the application, the post-reconstructed point cloud content can be further ©ptionally
process¢d by additional transformations, as described in Clause H.9.

H.3 Bijtstream format, partitioning and scanning process

The spegifications in Clause 7 and its subclauses apply.

H.4 Syntax and semantics

H.4.1 Method of specifying syntax in tabular form

The spegifications in subclause 8.1 apply.

H.4.2 $pecification of syntax functions and descriptors

The spegifications in subclause 8.2 apply
H.4.3 Jpyntax in tabular form

H.4.3.1 | General

The spegifications in subclause 8.3.4.and its subclauses apply.

H.4.3.2 | V3C unit syntax

The spegifications in subelause 8.3.2 and its subclauses apply.

H.4.3.3 | Byte alignment syntax

The spegifications’in subclause 8.3.3 and its subclauses apply.

H.4.3.4 | V3C 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 Pointlocal reconstruction information syntax

The specifications in subclause 8.3.6.1.2 apply.

H.4.3.6.1.3 ASPS V-PCC extension syntax

sps_vpcc_extension( ) {

Desq

‘riptor

asps_vpcc_remove_duplicate_point_enabled_flag

Q)

if( asps_pixel_deinterleaving_enabled_flag || asps_plr_enabled_flag)

asps_vpcc_surface_thickness_minus1

c

e(v)

H.4.3.6.2 Atlas frame parameter set RBSP syntax

The specifications 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

—

he specifications in subclause 8.3.6.3 apply.

H.4.3.6.3.2 AAPS V-PCC extension'syntax

haps_vpcc_extension () {

Desq

criptor

aaps_vpcc_camera(parameters_present_flag

€))

if( aaps_vpcc_carhera_parameters_present_flag )

atlas_camerd_parameters( )

H.4.3.6.3.3 ) Atlas camera parameters syntax

htlasscamera_parameters( ) {

Desq

‘riptor

acp_canrera_mmodet

(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.

The spe

H.4.3.6.

The spe

H.4.3.6.

The spe

H.4.3.6.

The spe

H.4.3.6.

The spe

H.4.3.6.

The spe

H.4.3.6.

The spe

H.4.3.6.

The spe

H.4.3.6.

1 Supplemental enhancement information RBSP syntax

cifications in subclause 8.3.6.4 and its subclauses apply.

b Access unit delimiter RBSP syntax

Cifications in subclause 8.3.6.5 and its subclauses apply.

b End of sequence RBSP syntax

Fifications in subclause 8.3.6.6 and its subclauses apply.

7 End of bitstream RBSP syntax

Fifications in subclause 8.3.6.7 and its subclauses apply.

B Filler data RBSP syntax

fifications in subclause 8.3.6.8 and its sttbclauses apply.

D Atlas tile layer RBSP syntax

cifications in subclause 8.3:6.9 and its subclauses apply.

[L0 RBSP trailing bitsyntax

Cifications in suBetause 8.3.6.10 and its subclauses apply.

[L1 Atlas tile-header syntax

Fifications in subclause 8.3.6.11 and its subclauses apply.

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 Byte alignment semantics

The specifications in subclause 8.4.3 and its subclauses apply.

H.4.4.4 V3C parameter set semantics

—

he specifications in subclause 8.4.4 and its subclauses apply.

H.4.4.5 NAL unit semantics

—

he specifications in subclause 8.4.5 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 parameter.set RBSP semantics

—

he specifications in subclause 8.4.6.1.1 and\its subclauses apply, with the following modificatipns:

sps_max_number_projections_minust plus 1 specifies the maximum value of pdu_prajection_
[ tileID ][ p ] in the patch_data_unit( ) syntax structure for a patch with index p in a tile with tile
D equal to tileID. When aspsCextended_projection_enabled_flag is set to 1, asps_max_humber_
rojections_minus1 shall be equalto 17. When asps_max_number_projections_minusl1 is not present, it
hall be inferred to be equalto’5.

W — = Q)

o]

[.4.4.6.1.2 Point loeal reconstruction information syntax

|

he specificationsiinSubclause 8.4.6.1.2 apply.

Y

[.4.4.6.1.3 .ASPS V-PCC extension semantics

sps_vpee_remove_duplicate_point_enabled_flag equal to 1 indicates that duplicated points shall
ot he'\réconstructed for the current atlas, where a duplicated point is a point with the same 2Ip and 3D
eometry coordinates as another point from a lower indexed map associated with the same pat¢h. asps_
pcc_remove_dupiicate_point_enabled_flag equal to 0 indicates that all points snail be reconstructed.

<09 = Q)

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
equal td
present.

H.4.4.6.

This suh
reconsti

acp_can
current
to 0 or 1

are resqrved for future use by ISO/IEC. Decoders conforming to this~edition of this document shall

ignorer

acp_scal
present.
model a

acp_offset_enabled_flag equal teg"}indicates that offset parameters for the current camera model ar

present.
model a

acp_rot

are predent. acp_rotatioh_enabled_flag equal to 0 indicates that rotation parameters for the currer
camera
equal to

T the TurTent attas adaptation paraimeter Set. aaps_vVPCC_CaNTerd_paraieterS_present_tag

0 specifies that camera parameters for the current adaptation parameter set shall not be

B.3 Atlas camera parameters semantics

—

clause describes camera parameters related to scale, offset and rotation that'nray be used fqg
uction operations after decoding as described in subclause H.9.

nera_model indicates the camera model for point cloud frames that\are€ associated with the
hdaptation parameter set, as listed in Table H.1. The value of acp_camera_model shall be equd
in bitstreams conforming to this edition of this document. Otheryvalues of acp_camera_mode¢l

—_—

bserved values of acp_camera_model.

Table H.1 — Interpretation of acp_c¢amera_model

acp_camera_model Name of acp_camera_model
0 UNSPECIFIED
1 Orthographic camera model
2-255 RESERVED

D

le_enabled_flag equal to 1 indicates:that scale parameters for the current camera model ar
acp_scale_enabled_flag equal te" 0 indicates that scale parameters for the current camer
e not present. When acp_scale._enabled_flag is not present, it shall be inferred to be equal to (.

[s5)

[

acp_offset_enabled_flag equal to 0 indicates that offset parameters for the current camer
e not present. When(agp_offset_enabled_flag is not present, it shall be inferred to be equal to

htion_enabled_flag equal to 1 indicates that rotation parameters for the current camera modé¢l

t

model are nof present. When acp_rotation_enabled_flag is not present, it shall be inferred to bje
0.

the range of 1 to 232 1, mcluswe When acp scale_on ax1s[ d ] is not present it shall be 1nferred to be

equal to

216, The value of Scale[ d ] is computed as follows:

Scale[ d ] = acp_scale_on_axis[ d ] + 216
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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 the current
camera model in increments of 2-16, The value of acp_offset_on_axis[ d ] shall be in the range of -231

t
C
i

b 231 - 1, inclusive, where d is in the range of 0 to 2, inclusive. The values of d equal to 0,
orrespond to the X, Y and Z axis, respectively. When acp_offset_on_axis[ d ] is not present, it
hferred to be equal to 0.

Offset[ d ] = acp_offset_on_axis[ d ] + 216
n offset matrix can be represented as follows:

0 0 Offset[0]
1 0 Offset[1]
0 1 Offset[2]
0 0O 1

OffsetMatrix =

(= R e R

cp_rotation_gx specifies the x component, gX, for the rotation of the current camera model u

uaternion representation. The value of acp_rotation_gx‘shall be in the range of -214 to 214, i
hen acp_rotation_gx is not present, its value shall beinferred to be equal to 0. The value
mputed as follows:

gX = acp_rotation_gx + 214

cp_rotation_qy specifies the y component, qY, for the rotation of the current camera model

uaternion representation. The value of@cp_rotation_qy shall be in the range of -214 to 214, i
hen acp_rotation_qy is not presentyits value shall be inferred to be equal to 0. The value
mputed as follows:

qY = acp_rotation_qy + 21¢#

cp_rotation_qz specifies\the z component, qZ, for the rotation of the current camera model

uaternion representation. The value of acp_rotation_qz shall be in the range of -214 to 214, i
hen acp_rotation gz-is not present, its value shall be inferred to be equal to 0. The value
mputed as follows:

gZ = acp_sotdtion_qz + 214

he fourth) component, qW, for the rotation of the current camera model using the qu
presentation is calculated as follows:

gW =Sqrt( 1 - (gX? +qY2+qZ2))

1 and 2
shall be

sing the
hclusive.
of gX is

sing the
hclusive.
of qY is

sing the
hclusive.
of qZ is

hternion

NOTE

In the context of this document qW is always positive. If a negative qW is desired, all three syntax

elements (acp_rotation_gx, acp_rotation_qy and acp_rotation_qz) can be signalled with an opposite sign, which is

e

quivalent.
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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 =

o]
2*(qX*qY+qZ*qW) 1—2*<qX2+qZZ) 2*(qY*qZ—gX*qW) 0
2*(qX*qZ—qY*qW) 2*(qY*qZ+gX*qW) 1-2%(gX2+qY?) 0

1

0 0 0
It is a requirement of bitstream conformance that X2 + qY2 + qZ2 <= 1.

H.4.4.6.f4 Supplemental enhancement information RBSP semantics

The spegifications in subclause 8.4.6.4 and its subclauses apply.

H.4.4.6.p Access unit delimiter RBSP semantics

The spegifications in subclause 8.4.6.5 and its subclauses apply.

H.4.4.6.p End of sequence RBSP semantics

The spegifications in subclause 8.4.6.6 and its subclauses apply.

H.4.4.6.f/ End of bitstream RBSP semantics

The spegifications in subclause 8.4.6.7 and its subclauses apply:

H.4.4.6.8 Filler data RBSP semantics

The spegifications in subclause 8.4.6.8 and its subclauses apply.

H.4.4.6.p Atlas tile layer RBSP semantics

The spegifications in subclause 8.4.6.9 and)its subclauses apply.

H.4.4.6.]10 RBSP trailing bit semaiitics

The spegifications in subclaugse 8:4.6.10 and its subclauses apply.

H.4.4.6.]11 Atlas tile header semantics

The spegifications jif\subclause 8.4.6.11 and its subclauses apply.

H.4.4.6.]12 Reference list structure semantics

The spegifications 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 specifications in subclause 9.2.1 and its subclauses apply

H.5.2.2 Decoding process for a coded atlas frame

|

he specifications in subclause 9.2.2 and its subclauses apply

H.5.2.3 Atlas NAL unit decoding process

—

he specifications in subclause 9.2.3 and its subclauses apply

H.5.2.4 Atlas tile header decoding process

—

he specifications 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 specifications in subclause 9.2.5.1 apply with the following modifications and additions:

TilePatchAxisU][ tileID ][ p ] is the index of the tangent to the projection plane for the current patch with
gatch index p. The value of TilePatehAxisU[ tileID ][ p ] shall be in range of 0 to 2, inclusive.
1
\

ilePatchAxisV]| tileID ][ p/-is‘the index of the bi-tangent to the projection plane for the current patch
bith patch index p. The value of TilePatchAxisV] tileID ][ p ] shall be in range of 0 to 2, inclusiveg.

TilePatchAxisD][ tilefD p ] is the index of the normal to the projection plane for the current paftch with
datch index p. Thevalue of TilePatchAxisD[ tileID ][ p ] shall be in range of 0 to 2, inclusive.
1
1

ilePatchProjeetionFlag| tileID ][ p ] specifies on which one of two projection planes, indicateld by the
ilePatch AxisD[ tileID ][ p ] plane, the current patch with patch index p is to be projected.

TilePatch45DegreeMode]| tileID ][ p ] specifies the mode that indicates the axis around which the patch
grojection rotation is applied for the patch with index p.

If atdu_patch_mode] tileID ][ p ] is equal to [_LINTRA 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
of that p

in subclause H.5.2.5.6 is invoked, with p and tilelD as the input to that process, and the outputs
rocess 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

These

Tile
Tile
Tile
Tile
Tile

H.5.2.5.
The spe

In addit
TilePatc
TilePatc
as follov

proj

rota

If rotatiInAxisMode is equal to 0 then the following applies:

TilePatchProjectionFlag[ tileID ][\p | = Clip3( 0, 1, projectionPlane / 3) (H.3)

TilelPatchAxisD][ tileID ][ p =projectionPlane % 3 (H4)
Otherwise:

TilelPatchProjectionFlag| tileID ][ p ] = Min( 1, ( ( projectionPlane-6)% 4) / 2) (H.3)

if( rotationAxisMode ==1)

of that Tocess are used as the outputs of the current process.
a

ditional variables are initially set as follows:

PatchAxisU[ tileID |[p] =0
PatchAxisV[ tileID ][p]=0
PatchAxisD[ tileID ][p] =0
PatchProjectionFlag| tileID ][ p] =0
Patch45DegreeMode| tileID [[p] =0

P Decoding process for patch data units coded in intra mode
Fifications in subclause 9.2.5.2 apply with the following modifications and additions:

ion to the variables derived in subclause 9.2.5.2 the vafiables TilePatchAxisUJ tileID ][ p |
hAxisV][ tileID ][ p ], TilePatchAxisD] tileID ][ p ], TilePatch45DegreeMode] tileID ][ p ], an

<

jorgen

hProjectionFlag] tileID ][ p ], for patch with index p inthe atlas tile with index tileID, are derive
s:

pctionPlane = pdu_projection_id| tileID ][ p ] (H.1)
LionAxisMode = Max( 0, ( projectionPlane - 2)/4 ) (H.2)

TilePatchAxisD][ tileID ][ p] = 2 * ( projectionPlane % 2 )

else f{TotatiomAxisMode==27
TilePatchAxisD][ tileID ][ p] = 2 - ( projectionPlane % 2 ) (H.6)
else
TilePatchAxisD[ tileID ][ p] = 1 - ( projectionPlane % 2 )
TilePatchAxisUJ tileID ][ p ] = ( TilePatchAxisD[ tileID [[p]==2)70:2 (H.7)
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TilePatchAxisV| tileID ][ p ] = ( TilePatchAxisD[ tileID ][ p]==1)70:1

The values of the variables TilePatchAxisU[ tileID ][ p ], TilePatchAxisV[ tilelD

(H.8)

I p 1

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
Projection variables 0o|1[2[3]4|5]6]|7]|8]|9]|10/11]12|13]|a4}15[16[17
TilePatchAxisU[ tileID ][ p ] 2(2|0|2|2|o|2|o|2]|ofo|2]o2}2|2|2]|2
TilePatchAxisV][ tileID ][ p ] t{of1|1]|of1|1|1|1|1]|1]o|tvO|o|1|0]|1
TilePatchAxisDJ tileID ][ p | 01201202022 |AN2|1|1|0|1]|0O0
TilePatchProjectionFlag| tileID ][ p ] ojojoj1|1|1jo0|O|j1|1|jOpO|21|2|0O|0O)|1]|1
TilePatch45DegreeMode[ tileID J[p] |0 | O (O[O |O|O |21 |1 |1 |LpN2|2(2]|2|3]|3]|3]|3

H.5.2.5.3 Decoding process for patch data units coded in skip prediction mode
The specifications in subclause 9.2.5.3 apply with the following modifications and additions:

Hirst, refldx is set to 0.

]

[ p is equal to 0, then Predictorldx is set to 0.

Then the corresponding patch index, RefPatchldx;'in the atlas frame corresponding to the fif

o =

omputed as:

RefPatchldx = Predictorldx

and Predictorldx is set to RefPatehldx + 1.

The process described in subclause H.5.2.5.5.2 is invoked with the variables refldx, RefH
nd tileID as inputs, (amd the outputs are the variables refPatchType, refPatch
fPatch2dPosY, refPateh2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3q
fPatch3dOffsetD, refPatch3dRangeD, refPatchProjectionID, refPatchOrientati
fPatchLoDScaleX, TefPachLoDScaleY, refPatchRawPoints, refPatchEomPatchCount, refPat
fPatchAxisV, refPatchAxisD, refPatch45DegreeMode, and refPatchProjectionFlag, the 1L
fPatchAssociatedPatchIndex and refPatchEomPoints, and, if asps_plr_enabled_flag is equal
D arrays.refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusl, and the 21
fPatchPRlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

If refRatchType is equal to projected then, these additional variables are derived:

st entry

h the reference atlas frame list RefAtlasFrmList, RefAtlasFrmList[ refldx ] for the current tile is

(H.9)

atchldx,
2dPosX,
10ffsetV,
bnindex,
thAxisU,
arrays
to 1, the
D arrays

NlePatchAxisU[ tilelD |[ p | = retPatchAxisU
TilePatchAxisV| tileID ][ p ] = refPatchAxisV
TilePatchAxisD[ tileID ][ p ] = refPatchAxisD
TilePatch45DegreeMode] tilelD ][ p | = refPatch45DegreeMode

TilePatchProjectionFlag| tileID ][ p ] = refPatchProjectionFlag
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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, th

e 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 thle

current

RefHatchldx = Predictorldx (H.159)

and Pre

The prgcess described in subclause H.5.2.5.5.2 is invoked with the variables\refldx, RefPatchld3

and til

K
refPatci2dPosY, refPatch2dSizeX, refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffset)
refPatch3dOffsetD, refPatch3dRangeD, refPatchProjectionlD, refPatchOrientationIndex,
refPatcHLoDScaleX, refPachLoDScaleY, refPatchRawPoints, refPatchEemPatchCount, refPatchAxisl
refPatchAxisV, refPatchAxisD, refPatch45DegreeMode, and refPafehProjectionFlag, the 1D arrays
refPatchAssociatedPatchIndex and refPatchEomPoints, and, if asps)plr_enabled_flag is equal to 1, thie
1D arralys refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusl, and the 2D arrays
refPatcHPlrdPresentBlockFlag and refPatchPlrdBlockModeMinus1.

Itisare

Then, thiese additional variables are derived:

TilePatchAxisU][ tileID ][ p | = refPatchAxisU (H.14)

TilelPatchAxisV| tileID ][ p ] = refPatchAxisV (H.17)

TilePatchAxisD] tileID ][ p ] = refPatchAxisD (H.19)

TilePatch45DegreeMode[\tilelD ][ p | = refPatch45DegreeMode (H.19)

TilePatchProjectionFlag[ tileID ][ p ] = refPatchProjectionFlag (H.2Q)
H.5.2.5.p Decoding process for patch data units coded in inter prediction mode

H.5.2.5.5-

Lile is computed as:

lictorldx is set to RefPatchldx + 1.

-

eID as inputs, and the outputs are the variables refPatchType, refPatch2dPos}

-

’

Huirement of bitstream conformance that refPatehType is equal to projected.

ITITTCTOY

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,
fPat\,thPqu, T CfPatL}lZdSiLCX, 1cfPatL}12dSiLcY, T CfPCltL}l?)dCffDCtU, 1cfPat\,113\ OffsetV,
efPatch3dOffsetD, refPatch3dRangeD, refPatchProjectionID, refPatchOrientatipnindex,
efPatchLoDScaleX, refPachLoDScaleY, refPatchRawPoints, refPatchEomPatchCount, refPat¢chAxisU,
efPatchAxisV, refPatchAxisD, refPatch45DegreeMode, and refPatchProjectionFlag,-the 1) arrays
efPatchAssociatedPatchIndex and refPatchEomPoints, and, if asps_plr_enabled_flag:is equal o 1, the
D arrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinusl)yand the 2D arrays

efPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinusl.

T e T e T

p—

[ is a requirement of bitstream conformance that refPatchType is equal to(projected.

Then, these additional variables are derived:

TilePatchAxisUJ tileID ][ p ] = refPatchAxisU (H.22)
TilePatchAxisV] tileID ][ p ] = refPatchAxisV (H.23)
TilePatchAxisD] tileID ][ p ] = refPatchAxisD (H.24)
TilePatch45DegreeMode] tileID ][ p ] = refPatch45DegreeMode (H.25)
TilePatchProjectionFlag| tilelD ][ p }=refPatchProjectionFlag (H.26)

H.5.2.5.5.2 Derivation of inter reference patch parameters

H.5.2.5.5.2.1 General derivation of inter reference patch parameters

—

he specifications in subclause 9.2.5.5.2.1 apply with the following modifications and addition$:

utputs to this “\process are the variables refPatchType, refPatch2dPosX, refPatch2dPosY,
efPatch2dSizeX))~ refPatch2dSizeY, refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetD,
efPatch3dRangeD, refPatchProjectionID, refPatchOrientationIndex, refPatchLopPScaleX,
efPachLoBScaleY, refPatchRawPoints, refPatchEomPatchCount, refPatchAxisU, refPatfthAxisV,
efPatchAxisD, refPatchProjectionFlag, and  refPatch45DegreeMode, the 1D | arrays
efPatehrAssociatedPatchIindex and refPatchEomPoints, and, if asps_plr_enabled_flag is equal ffo 1, the
DZarrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinus1, and the 2ID arrays

I e B e Bl B

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 refPdtchType is equal to projected, then the process in subclause H.5.2.5.5.2.2 is inveke
with refldx, tileID, and refPatchldx as inputs. The outputs of the process are the vatiables
refPatci3dOffsetU, refPatch3dOffsetV, refPatchProjectionlD, refPatch3dOffsetD, refPatch3dRangel),
refPatciOrientationlndex, refPatchLoDScaleX, refPatchLoDScaleY, refPatchAxisU, refPatchAxisy,
refPatchAxisD, refPatchProjectionFlag, and refPatch45DegreeMode, and, if asps_plr_enabled_flag is
equal to[1, the 1D arrays refPatchPlrdLevel, refPatchPlrdPresentFlag, and refPlrdModeMinus1, and t
2D arrays refPatchPlrdPresentBlockFlag and refPatchPlrdBlockModeMinusl.

If refPatchType is equal to RAW, then the process in subclause H.5.2.5.5.2.3:\i$/invoked with refldx,
tileID, and refPatchldx as inputs. The outputs of the process are the vatiables refPatch3dOffsetl,
refPatch3dOffsetV, refPatch3dOffsetD, and refPatchRawPoints.

If refPatchType is equal to EOM, then the process in subclause H.5,2:5.5.2.4 is invoked with refldx,
tileID, and refPatchldx as inputs. The outputs of the process are thé)variable refPatchEomPatchCount,
and the [LD arrays refPatchAssociatedPatchIndex and refPatchEomPoints.

H.5.2.5[5.2.2 Reference patches in projected mode
The spegifications in subclause 9.2.5.5.2.2 apply with thefollowing modifications and additions:

Outputs| to this process are the variables refPatch3dOffsetU, refPatch3dOffsetV, refPatch3dOffsetl),
refPatch3dRangeD, refPatchProjectionID, refPatchOrientationIndex, refPatchLoDScaleX,
refPachLoDScaleY, refPatchAxisU, refPatchAxisV, refPatchAxisD, refPatchProjectionFlag, and
refPatch45DegreeMode, and, if asps_plr_enabled_flag is equal to 1, the 1D arrays refPatchPlrdLeve],
refPatchPlrdPresentFlag, and refPlrdModeMinus1, and the 2D arrays refPatchPlrdPresentBlockFlag
and refHatchPlrdBlockModeMinus1.

These adlditional output variables\are derived:

refPatchAxisU = TilePatchAxisU]J tileID ][ refPatchldx ] (H.33)
refPatchAxisV = TilePatchAxisV] tileID ][ refPatchldx | (H.34)
refPptch AxisD/~= TilePatchAxisD] tileID ][ refPatchldx ] (H.37)
refPptch45DegreeMode = TilePatch45DegreeMode]| tilelD ][ 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
H.5.2.7 Conversion of tile level information to atlas level information

H.5.2.7.1 General

|

he specifications in subclause 9.2.7.1 apply

H.5.2.7.2 Conversion of tile level blockToPatch information to atlas level blockToPatch
nformation

ot

The specifications in subclause 9.2.7.2 apply.
H.5.2.7.3 Conversion of tile level patch information téatlas level patch information

H.5.2.7.3.1 General

—

he specifications in subclause 9.2.7.3.1 apply.

H.5.2.7.3.2 Process of copying common patch parameters from a tile to an atlas represen

—

he specifications in subclause 9.2.73:2 apply.

prt

[.5.2.7.3.3 Process of copying application specific patch parameters from a tile to an atls
representation

—]

he specifications in subelause 9.2.7.3.3 apply with the following modifications and additions:

—

he process ApplicationTilePatchParamsToAtlas( atlasPatchldx, tilelD, p, offsetPatch ) is de
bllows:

= =N

pplicationTilePatchParamsToAtlas( atlasPatchldx, tileID, p, offsetPatch ) {
blocK€nt = BlockCnt( TilePatch2dSizeX] tileID ][ p ], TilePatch2dSizeY[ tileID ][ p])
if AtlasPatchType[ atlasPatchldx | == PROJECTED ) {
AtlasTotalNumProjPatches += 1

tation

1S

fined as

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 ) {

AtlasTotalNumEomPatches +=1

for(i=0;i< AtlasPatchEomPatchCount[ atlasPatchldx ]; i++ ) {
NumEomPoints += TilePatchEomPoints][ tileID [[ p ][ i ]
AtlasPatchEomPoints|[ atlasPatchldx ][ i ] = TilePatchEomPoints] tilelD ][ p ][i]
AtlasPatchAssociatedPatchindex[ atlasPatchldx J[i] =

TilePatchAssociatedPatchlndex] tileID ][ p ][ i ] + offsetPatch

}

if( AtlasPatchType[ atlasPatchldx ] == RAW ) {
AtlasTotalNumRawPatches +=1

NumRawPoints += TilePatchRawPoints] tileID ][ p ]

}

H.5.3 QPccupancy video decoding process

The spegifications in subclause 9.3 apply.

H.5.4 (eometry video decoding process

The spegifications in subclause 9.4 apply.

H.5.5 Attribute video decoding process

The spegifications in subclause’9.5 apply.

H.5.6 Sub-bitstream)extraction process

The spegifications.dn 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.
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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

.0.4. d U dll10 cO d
[lcompTimeldx ][ 0 ] as inputs and the modified array OccFramesNF[ compTimeldx ][ O ] asout

[IVvoked WwItll U O D eld

NOTE If subclause H.6.2.2 is not invoked, OccFramesNF[ compTimeldx ][ 0 ] is not modified.
H.6.2.2 Patch border filtering (PBF)

H.6.2.2.1 General

]

hputs to this process are:

- avariable k, indicating the selected occupancy synthesis filter\instance,
—+ a 2D array oFrame, of size asps_frame_heightx asps_frame_width, and

+ a 2D array gFrame, of size asps_frame_heightx asps_frame_width.

(an)

utput of this process is the modified array oFrame.

=z

OTE It is possible that this process will not be éffective when the occupancy video is coded at the
esolution.

—

—

he following applies:

— Let the variable boxExtension beset to 8.

— Otherwise (asps_eompatch_enabled_flag is equal to 0 ), the following process is perform¢
— First, the following arrays are defined:
— borderPeintCnt, a 1D array of size AtlasTotalNumPatches,
— npeighPatchCnt, a 1D array of size AtlasTotalNumPatches,
< )neighbouringPatches, a 2D array of size AtlasTotalNumPatches x AtlasTotalNumP3

— borderPoints, a 3D array of size AtlasTotalNumPatches x AspsFrameSize x 3,

If os_method_type[ k ] is equal to 1, which indicates the patch border filtering method, then

NE[ 0 ]
but.

nominal

- Ifasps_eom_patch_enabled_flag is equal to 1, the array oFrame is returned without modification.

bd:

tches,

\ ]
4o

— neighbourDepth, a 2D array of size asps_frame_height x asps_frame_width.

NOTE The allocated sizes of neighbouringPatches and borderPoints use the maximum
values according to this document. Different, more efficient implementations can be used.
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For pldx = 0 .. AtlasTotalNumPatches - 1, the following applies:

— 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,

H.6.2.2.

Inputs t

— avdlriable pldx, indicating the patch index,

— a2l
fran

— a2l
fran

Outputs

— avadriable borderPointCnt, indicating the numbgr;of border points,

— a?2l
— a2l
Let bord

1 1 A e Hie W, | 2 3 1 pa | ) ralal Pl 1l lLaoldl 1 ] A BN 2
SUUCIAUST 11.VU.4L.4.7T ) ITIVURNCTU VvV ILIT vdl IdUITS IO 1111 CDIIUIL[I_ N J, UUALALCIISIVULL, all
borderPointCnt, and arrays borderPoints, bBox, neighPatchCnt, and neighbouringPatches, das
inputs, and the array neighbourDepth as output,

[om

subclause H.6.2.2.5 is invoked with variables PbfPasses| k |, PbfSizeX[ k ], and PbfSizeY[ k |, an
arrays oFrame, gFrame, and neighbourDepth as inputs, and the modified array oFrame as outpug.

P Bounding box and border point determination

b this process are:

array oFrame, of size asps_frame_height x asps_frame_width, eérresponding to the occupancfy
he in the nominal format, and

array gFrame, of size asps_frame_height x asps_frame width, corresponding to the geometr
he in the nominal format.

<

of this process are:

array borderPoints, of size AspsFrameSize x 3, and
array bBox, of size 2 x 3.

erPointCnt and bBox be initialized as follows:

bor

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

}

Let yStaft, yEnd, xStart and xEnd be computed as follows:

yStdrt = AtlasPatch2dPosY[ pldx |
yEnd ="AtlasPatch2dPosY[ pldx | + AtlasPatch2dSizeY[ pldx ]
xStqrt= AtlasPatch2dPosX[ pldx ]

erPointCnt = 0.

Box[ 0 ][ k] = OxFEEE
Box[1][k]=0

xEnd = AtlasPatch2dPosX] pldx | + AtlasPatch2dSizeX][ pldx ]

Then the following applies:

for(

y =yStart; y < yEnd; y++) {

yBlock =y / PatchPackingBlockSize

264

for( x = xStart; x < XEnd; x++ ) {
xBlock = x / PatchPackingBlockSize
isBoundaryPoint =0
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