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Foreword

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

The prdqcedures used to develop this document and those intended for its further maintenance
are described in the ISO/IEC Directives, Part 1. In particular, the different approval (eriteria
needed [for the different types of document should be noted. This document was drafted ip
accordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives ar
www.ie¢.ch/members_experts/refdocs).

(i

Attention is drawn to the possibility that some of the elements of this document mdy be the subjec
of patenjt rights. ISO and IEC shall not be held responsible for identifying a@ny“or all such patert
rights. Details of any patent rights identified during the development of the.decument will be in the
Introdu¢tion and/or on the ISO list of patent declarations received (see wwm.is0.org/patents) or the IEC
list of pgtent declarations received (see patents.iec.ch).

Any tradle name used in this document is information given for the‘convenience of users and does nqt
constitute an endorsement.

For an pxplanation of the voluntary nature of standards,.the meaning of ISO specific terms and
expressjons related to conformity assessment, as well ‘as information about ISO's adherencge
to the World Trade Organization (WTO) principles.in the Technical Barriers to Trade (TBT),

see ww.iso.org/iso/foreword.html. In the IEC, see wwiw.iec.ch/understanding-standards.

This dofument was prepared by Joint TechnicaliCommittee ISO/IEC JTC 1, Information technolog]
Subcommittee SC 29, Coding of audio, picturexmultimedia and hypermedia information information, i
collaborption with ITU-T (as Rec. ITU-T H.274):

=S

This seqond edition cancels and replaces the first edition (ISO/IEC 23002-7:2021), which has beep
technicqlly revised.

The maip changes are as follows:

— the hddition of the anngtated regions SEI message,

— the hddition of thesalpha channel information SEI message,

— the hddition of'the depth representation information SEI message,

— the hddition of the multiview acquisition information SEI message,

— the hddition of the multiview view position SEI message,

— the addition of the scalability dimension information SEI message,

— the addition of the extended dependent random access point indication SEI message,
— the addition of the display orientation SEI message, and

— the addition of the colour transform information SEI message.

Alist of all parts in the ISO/IEC 23002 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards

body. A complete listing of these bodies can be found at www.iso.org/members.html and
www.iec.ch/national-committees.
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Introduction

Versions of this document

Rec. ITU-T H.274 | ISO/IEC 23002-7 version 1 refers to the first approved version of this document. The
first edition published by ITU-T as Rec. ITU-T H.274 (08/2020) and by ISO/IEC as ISO/IEC 23002-7:2021
corresponded to the first version.

Rec.ITU-T H.274 | ISO/IEC 23002-7 version 2 (the current version) refers to the integrated text containing
rmation
El message, the depth representatlon information SEI message, the mult1v1ew acquisitiondnfdrmation
El message, the multiview view position SEI message, the scalability dimension 1nformann SEI

essage, the extended dependent random access point indication SEI message, the display orientation
El message, and the colour transform information SEI message. Besides these additional SEI mlessages,
this version also contains corrections to various minor defects in the prior contentiof the specification.
The second edition published by ISO/IEC as ISO/IEC 23002-7:202X correspond5syto the second|version.
At the time of publication of this edition by ISO/IEC, a corresponding second edition of Rec. ITU-T H.274
was in preparation for publication by ITU-T.

(jonventions
The term "this document” is used to refer to this Recommendatien | International Standard.

Ih this document, the following verbal forms are used:

“shall” indicates arequirement. When used to expressa mandatory constraint on the values ¢f syntax
elements or the values of variables derived from these syntax elements, it is the responsibil{ty of the
encoder to ensure that the constraint is fulfilled.

-+ “should” indicates a recommendation. It istused to refer to behaviour of an implementation that is
encouraged to be followed under anticipated ordinary circumstances, but is not a requirement for
conformance to this document.

—+ “may” indicates a permission.

- “can” indicates a possibility.or-a capability.

et

hformation marked as “NOTE” is intended to assist the understanding or use of the document. “Notes
b entry” used in Clause 8 provide additional information that supplements the terminological flata and
an contain provision§ pelating to the use of a term.

ot

Ratent declarations

—

he Internafional Organization for Standardization (ISO) and the International Electrotechnical
(Jommission{(IEC) draw attention to the fact that it is claimed that compliance with this docunjent may
ihvolvethe'use of a patent.

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

The holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. Information may
be obtained from the patent database available at www.iso.org/patents or https://patents.iec.ch.

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights other than those in the patent database. ISO and IEC shall not be held responsible for
identifying any or all such patent rights.
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Information technology — MPEG video technologies —

Part 7:
Versatile supplemental enhancement information

messages for coded video bitstreams

1 Scope

his document specifies the syntax and semantics of video usability information (V\U1) parame
upplemental enhancement information (SEI) messages. The VUI parameters and-SEI messaged
h this document are designed to be conveyed within coded video bitstreams in a manner {
n a video coding specification or to be conveyed by other means determined by the specifica
ystems that make use of such coded video bitstreams. This documentis'particularly intende
Vith coded video bitstreams as specified by Rec. ITU-T H.266 | ISOZIEC 23090-3, although it ig
h a manner intended to be sufficiently generic that it can also be used with other types of cod
itstreams.

[T e e 7, M|

—

Ul parameters and SEIl messages can assist in processes related to decoding, display or other p
owever, unless otherwise specified in a referencing specification, the interpretation and uj
Ul parameters and SEI messages specified in this document is not a required functionality o
ecoder or receiving video system. Although semantics are specified for the VUI parameters
hessages, decoders and receiving video systems Can simply ignore the content of the VUI par
and SEI messages or can use them in a manner that somewhat differs from what is specifie
document.

04 Q9 < T low

2 Normative references

—

he following documents are referred to in the text in such a way that some or all of thein
onstitutes requirements of this document. For dated references, only the edition cited app
Undated references, the latest edition of the referenced document (including any amendments)

Q

IBO/IEC 10646, Information technology — Universal coded character set (UCS)

]

50/1EC 11578:1996, Information technology — Open Systems Interconnection — Remote Proce
RPC)

ecommenddtion ITU-T H.273 | ISO/IEC 23091-2, Information technology — Coding-independ
oints —=Part 2: Video

ters and
defined
pecified
tions for
] for use
drafted
ed video

urposes.
e of the
[ a video
and SEI
ameters
d in this

content
lies. For
applies.

Hure Call

ent code

ttandard

K
A
Hecommendation ITU-T T.35:2000, Procedure for the allocation of ITU-T defined codes for non-{
facilities

ISO/CIE 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers
IETF RFC 1321, The MD5 Message-Digest Algorithm
IETF RFC 5646, Tags for Identifying Languages.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© ISO/IEC 2022 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

31
AU
access unit

set of PUs that belong to different layers and contain coded pictures associated with the same output
time

3.2
APS
adaptation parameter set

syntax sfructure containing syntax elements that apply to zero or more slices as determified by zero g
more syhtax elements found in slice headers

—

3.3
alpha blending

process|in which an auxiliary coded picture is used in combination with a primary coded picture an
with other data not specified by this document in the display process

jom

Note 1 tq entry: In an alpha blending process, the luma samples of an auxiliary coded picture are interpreted 4
indicatiops of the degree of opacity (or, equivalently, the degrees of transparency) associated with correspondinig
samples pf the primary coded picture.

[72)

34
associated IRAP picture
previou$ IRAP picture (when present) in decoding order, for a particular picture, in the same layer as thie
particulpr picture

3.5
azimuth circle
circle or] a sphere connecting all points with{the same azimuth value

Note 1 tgentry: An azimuth circle is always a'great circle like a longitude line on the earth.

3.6
byte
sequencg of 8 bits, within which, when written or read as a sequence of bit values, the left-most an
right-mdst bits represent the most and least significant bits, respectively, and the bits are written d
read from left to right

=

3.7

chroma
sample prray.or single sample representing one of the two colour difference signals related to thie
primary] colaurs, represented by the symbols Cb and Cr

Note 1 to enfry: The term chroma is used rather than the term chrominance in order to avoid implying the use of
linear light transfer characteristics that is often associated with the term chrominance.

3.8

CLVS

coded layer video sequence

sequence of PUs of the same layer that consists, in decoding order, of a CLVSS PU, followed by zero or
more PUs that are not CLVSS PUs, including all subsequent PUs up to but not including any subsequent PU
thatis a CLVSS PU

3.9
CLVSS PU
PU in which the coded picture is a CLVSS picture

2 © ISO/IEC 2022 - All rights reserved
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3.10

CLVSS

coded layer video sequence start

coded picture that starts a new CLVS as specified in a video coding specification

Note 1 to entry: In Rec. ITU-T H.266 | ISO/IEC 23090-3, a CLVSS picture is an IRAP picture with
NolncorrectPicOutputFlag equal to 1 or a gradual decoding refresh picture with NolncorrectPicOutputFlag equal
to 1. In Rec. ITU-T H.265 | ISO/IEC 23008-2, a CLVSS picture is an IRAP picture with NoRaslOutputFlag equal to 1.

3.11
ded picture
ded representation of a picture containing all CTUs of the picture

A2
ded slice NAL unit
AL unit that contains a coded slice

13
ded video bitstream
sequence of bits that forms the representation of a sequence of AUs forming one or more CVSs

sequence of AUs that consists, in decoding order, of a CVSS AU)followed by zero or more AUs thaf are not
VSS AUs, including all subsequent AUs up to but not including any subsequent AU that is a CVSYAU

U that has a PU for each layer present in the CVS'and the coded picture in each PU is a CLVSS pidture

16

mponent
rray or single sample from one of the three arrays (luma and two chroma) that compose a pjcture in
:2:0, 4:2:2, or 4:4:4 colour format or‘the array or a single sample of the array that compose a plicture in
onochrome format

a7

nstituent picture
art of a spatially frame:packed stereoscopic picture that corresponds to one view, or a pictyre itself
hen frame packingisnot in use or the temporal interleaving frame packing arrangement is infuse

18

opped decoded picture
sult of cropping a decoded picture based on the conformance cropping window for the corresponding
ded picture

19

lecoded picture
decoded picture is derived by decoding a coded picture

3.20
decoder
embodiment of a decoding process

3.21

decoding order

order in which syntax elements are conveyed in the coded video bitstream and are processed by a
decoding process

© ISO/IEC 2022 - All rights reserved 3
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3.22

decoding process
process that reads a coded video bitstream and derives decoded pictures from it

3.23

elevation circle
circle on a sphere connecting all points with the same elevation value

Note 1 to entry: An elevation circle is similar to a lattitude line on the earth. Except when the elevation value is
zero, an elevation circle is not a great circle like a longitude circle on the earth.

3.24

encoder
embodiment of an encoding process

3.25
encodin
process

3.26
field

assemblly of alternative rows of samples of a frame

3.27
flag
variable

3.28
frame

compo{chion of a top field and a bottom field, where sample rows 0, 2, 4, ... originate from the top fiel

and sa

3.29
global ¢
coordin
referend

Note 1 td
used for
dimensid

3.30
great ci
intersec

Note 1 to

3.31
inter prn

g process
that produces a coded video bitstream

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

_

ple rows 1, 3, 5, ... originate from the bottomfield

oordinate axes
ite axes associated with omnidifectional video that are associated with an externally
eable position and orientation

entry: The global coordinatesaxes could correspond to the position and orientation of a device or ri
omnidirectional audio/video)acquisition as well as the position of an observer's head in the threg
nal space of the omnidirectional video rendering environment.

aQ

rcle
tion of a spheré.and a plane that passes through the centre point of the sphere

entry: Agreat circle is also known as an orthodrome or Riemannian circle.

ediction

aspect of thedecoding process for a coded picture tirat rakes use of data derived fromt the decoding

process of one or more previously decoded reference pictures

3.32

IRAP picture

coded picture starting from which all pictures in the same layer in both decoding order and output order
can be decoded without first decoding any picture in the same layer earlier in decoding order in the
coded video bitstream

© ISO/IEC 2022 - All rights reserved
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3.33

layer

set of VCL NAL units that all have a particular value of layer identifier and the associated non-VCL
NAL units, wherein the layer identifier is a variable for which the value is specified by a video coding
specification

Note 1 to entry: In the contexts of Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-2,
the layer identifier is the value of the nuh_layer_id syntax element in the NAL unit header.

3.34

leading picture
Hicture that is in the same layer as the associated IRAP picture and precedes the associated IRAP picture
ih output order

3.35
lpcal coordinate axes
doordinate axes having a specified rotation relationship relative to the global cogrdinate axes

3.36
Ihma
spmple array or single sample representing the monochrome signal related to the primary|colours,
represented by the symbol or subscriptY or L

ote 1 to entry: The term luma is used rather than the term luminance in order to avoid implying the use of
near light transfer characteristics that is often associated with{he'term luminance. The symbol L is sgmetimes
sed instead of the symbol Y to avoid confusion with the symbel y’as used for vertical location.

—_=

o

.37

[AL unit
yntax structure containing an indication of the type of data that follows and bytes containing that data
h a manner that enables the extraction of a string of data bits from the syntax structure

ki B> B SV)

3.38
non-VCL NAL unit
NAL unit that is not a VCL NAL unit

3.39

dmnidirectional video

video content in a format\that enables rendering according to the user's viewing orientatiop, e.g., if
Viewed using a head-mounted device, or according to a user's desired viewport, reflecting a pogentially
rptated viewing positien

3.40

qutput order
drder in which the decoded pictures are output from the decoder (for the decoded pictures that gre to be
dutput frem the decoder)

341

utput time
time when a decoded picture is to be output from the decoder (for the decoded pictures that are to be
output from the decoder)

3.42

packed region

region in a region-wise packed picture that is mapped to a projected region according to a region-wise
packing

© ISO/IEC 2022 - All rights reserved 5
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3.43

picture

array of luma samples in monochrome format or an array of luma samples and two corresponding
arrays of chroma samples in 4:2:0, 4:2:2, and 4:4:4 colour format

Note 1 to entry: A picture could be either a frame or a field. However, in one CLVS, either all pictures are frames
or all pictures are fields.

3.44

PPS

picture[parameter set

A syntax structure containing syntax elements that apply to zero or more entire coded pictures,'a
determihed by a syntax element that is the same for all slices of a picture and found in the pictureyheadd
or slice Readers of each picture

= »n

3.45
PU

picturefunit
set of NAL units that contain all VCL NAL units of a coded picture and their associated'non-VCL NAL unitfs

3.46
projected picture
picture that uses a projection format for omnidirectional video

3.47
projected region
region i a projected picture that is mapped to a packed region according to a region-wise packing

3.48
projectjon
specifiefl correspondence between the colour samples*of a projected picture and azimuth and elevatiop
positionfs on a sphere

3.49
randont access

act of stprting the decoding process for‘alcoded video bitstream at a point other than the beginning d
the bitsfream

-~

3.50
RASL picture

leading picture that cannot®ecorrectly decoded when the decoding process starts from the associate]
IRAP picture

1S9

3.51

referenfe picture

picture fhat centdins samples that could be used for inter prediction in the decoding process ¢
subsequentpictures in decoding order

-

3.52
reference picture list
list of reference pictures that is used for inter prediction of a slice

3.53
region-wise packed picture
decoded picture that contains one or more packed regions

Note 1 to entry: A region-wise packed picture could contain a region-wise packing of a projected picture.

6 © ISO/IEC 2022 - All rights reserved
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3.54

region-wise packing

transformation, resizing, and relocation of packed regions of a region-wise packed picture to remap the
packed regions to projected regions of a projected picture

3.55
sample aspect ratio
indicated width-to-height aspect ratio of the luma samples of the associated decoded pictures

3.56
slice
region of a picture that can be decoded separately from other regions of the same coded picture(although
ih some cases the decoding process for the picture might use inter prediction that makes-reference to
dther previously decoded reference pictures)

3.57
source
term used to describe the video material or some of its attributes before encoding

3.58
gphere coordinates
azimuth and elevation angles identifying a location of a point on a sphere

.59

sphere region
egion on a sphere, specified either by four great circles‘or by two azimuth circles and two ¢levation
ircles, or such a region on a rotated sphere after applying yaw, pitch, and roll rotations

.60
JTSA picture
oded picture that enables up-switching, at the coded picture, to the temporal sublayer containing the
pded picture, from the immediately lower-temporal sublayer of the same layer when the coded picture
does not belong to the lowest temporal sublayer

ote 1 to entry: An STSA picture does ot use pictures in the same layer and with the same temporallsublayer
iflentifier as the STSA picture for intecprediction reference. Pictures following an STSA picture in decodfng order
in the same layer and with the same temporal sublayer identifier as the STSA picture do not use picturef prior to
the STSA picture in decodingerder in the same layer and with the same temporal sublayer identifier asjthe STSA
pgicture for inter predictionreference. STSA pictures in an independent layer (i.e., a layer that does not depend on
other layers in its decoding)-always have a temporal sublayer identifier greater than 0.

.61
syntax element
dlement of datarepresented in a syntax structure

ata bits,
pst bit is

c0n51dered to be the last and least significant bit

3.63

SEI message

syntax structure that provides a particular type of information that assists in processes related to
decoding, display or other purposes but is not needed by the decoding process in order to determine the
values of the samples in decoded pictures

3.64

temporal sublayer

subset of a temporal scalable bitstream, consisting of VCL NAL units with a particular value of temporal
sublayer identifier and the associated non-VCL NAL units
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3.65

temporal sublayer identifier

number greater than or equal to 0 defined by a variable for which the value is specified by a video
coding specification such that pictures of all temporal sublayers have a specified temporal output order
relative to each other and pictures with a lower temporal sublayer identifier can be decoded without
reference to pictures with a higher temporal sublayer identifier

3.66

tilt angle

angle indicating 2 3 3 2 2 3 3
region along the axis originating from the sphere origin passing through the centre point of the spher
region, Where the angle value increases clockwise when looking from the origin towards the positiv
end of the axis

C (] als M O1]11 0 0 0N _Q pDNe

als M O1]11 0 0 pnere

D

3.67
trailing|picture
coded picture that is associated with an IRAP picture and follows the IRAP pictureyin’ both decoding
order arld output order

3.68
VCL NAL unit
collective term for coded slice NAL units and the subset of other NAL units\that have reserved values af
NAL unif type identifiers that are classified as VCL NAL units in a referencing specification

3.69
VUI parameters
syntax dtructure that identifies properties of interpretation.ef decoded pictures for display purposes,
particulprly including colour representation information

3.70
viewport
region off omnidirectional video content suitable for-display and viewing by the user

4 Abbreviated terms

ACI alpha channel information

AU access unit

APS adaptation parameter set

CLVS coded layér'video sequence
CLVSS codéd)layer video sequence start
CRC cyclic redundancy check

CTI Cotour transformT imfor ation
CVS coded video sequence

DRAP dependent random access point
DRI depth representation information
EDRAP extended dependent random access point
FIR finite impulse response
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IRAP intra random access point

MAI multiview acquisition information
NAL network abstraction layer

PPS picture parameter set

PU picture unit

HASL random access skipped leading
RWP region-wise packing

SAR sample aspect ratio

SARI sample aspect ratio information
DI scalability dimension information
SEI supplemental enhancement information
TSA step-wise temporal sublayer access
VCL video coding layer

VUI video usability information

5 Conventions

La

.1 General

he word "reserved" is used to specifiz that some values of a particular syntax element are fa
se by ITU-T | ISO/IEC and shall net’be used in syntax structures conforming to this docunf
ould potentially be used in syntax structures conforming to future editions of this docu
[U-T | ISO/IEC.

— 0 <o =

—

he word "unspecified"cis-used to describe some values of a particular syntax element to
hat the values have no, specified meaning in this document and are not expected to have a {
neaning in future editions of this document by ITU-T | ISO/IEC.

- ct

he mathematical“operators used in this document are similar to those used in the C progr
hinguage. However, the results of integer division and arithmetic shift operations are defin
reciselyand additional operations are defined, such as exponentiation and real-valued divisid

od s o Bl vulll |

umbeéring and counting conventions generally begin from 0 (e.g. "the first" is equivalent to
the second” is equivalent to the 1-th, etc.).

r future
lent, but
ment by

indicate
pecified

amming
ed more
n.

the 0-th,

5.2 Arithmetic operators

+ addition

- subtraction (as a two-argument operator) or negation (as a unary prefix operator)

* multiplication, including matrix multiplication
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xY exponentiation

Specifies x to the power of y. In other contexts, such notation is used for superscripting
not intended for interpretation as exponentiation.

/ integer division with truncation of the result toward zero

For example, 7 /4 and -7 / -4 are truncated to 1 and -7 / 4 and 7 / -4 are truncated to -1.

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

division in mathematical equations where no truncation or rounding is intended

y
Ef( i) summation of f( i) with i taking all integer values from x up to and including y
x%y modulus

Remainder of x divided by y, defined only for integers x and y with x >=0and y > 0
5.3 Lggical operators

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

x?y:z | ifxis TRUE or notequal to 0, evaluates to the ¥alue of y; otherwise, evaluates to the value of|z

5.4 Relational operators

> greater than

>= greater than or equal to
< less than

<= less than or equal to

== equal to

I= not equal €@

When aJrelational.operator is applied to a syntax element or variable that has been assigned the VaIEE
"na" (nof applieable), the value "na" is treated as a distinct value for the syntax element or variable. T
value "np’-s‘considered not to be equal to any other value.

5.5 Bit-wise operators

& bit-wise "and"

When operating on integer arguments, operates on a two's complement representation of the
integer value. When operating on a binary argument that contains fewer bits than another ar-
gument, the shorter argument is extended by adding more significant bits equal to 0.
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bit-wise "or"

When operating on integer arguments, operates on a two's complement representation of the
integer value. When operating on a binary argument that contains fewer bits than another ar-
gument, the shorter argument is extended by adding more significant bits equal to 0.

bit-wise "exclusive or"

When operating on integer arguments, operates on a two's complement representation of the
integer value. When operating on a binary argument that contains fewer bits than another ar-

X>>y

X<<y

=Y.z

3.6 Assignment operators

5.7 Range notation

3.8 Mathematical functions

] 1 ; — ; 111 1.1 : ) Tt 1. a
& ULLICIIL, LIIC STTUTLET dI g UITICIIU IS TXLCIIUCU DYy dUUlIlg IO SIZIHITICAIIL DILS ©qudl tO U.

arithmetic right shift of a two's complement integer representation of x by y bindrydigits

This function is defined only for non-negative integer values of y. Bits shiffed into {he most
significant bits (MSBs) as a result of the right shift have a value equal to the MSB of x| prior to
the shift operation.

arithmetic left shift of a two's complement integer representation,ef xby y binary digilrs

This function is defined only for non-negative integer values of\y<Bits shifted into the
nificant bits (LSBs) as a result of the left shift have a value equal to 0.

east sig-

assignment operator

increment, i.e., x++ is equivalent to x = x + 1;5when used in an array index, evaluates to fhe value
of the variable prior to the increment operation

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

increment by amount specifi€d;i.e., x += 3 is equivalent to x =x + 3, and x += (-3) is equivalent
tox=x+ (-3)

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

x takesonhinteger values starting fromy to z, inclusive, with x, y, and z being integer numbers
and Z being greater than y

x ; x>=0

Abs(x) = J 1

[-x ; x<0

Asin( x ) trigonometric inverse sine function, operating on an argument x that is in the range of -1.0
to 1.0, inclusive, with an output value in the range of -m+2 to m+2, inclusive, in units of radians (2)

Atan( x ) trigonometric inverse tangent function, operating on an argument x, with an output value
in the range of -m+2 to m+2, inclusive, in units of radians 3)
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Atan( y ) ; x>0
X
y
Atan| = {Hmn
(xj ;0 x<0&&y>=0
Atan2(y,x) = (4)
Amn(X\—n ; x<0&&y<0
\x )
T
2 ; x==0&&y>=0
T ; otherwise
2
Ceil(| x ) smallest integer greater than or equal to x E))
X Z<X
Clip3(x,y,z)=49y ; Z>y G)
z ; otherwise
Cos(|x ) trigonometric cosine function operating on an argumefityx in units of radians (7
Floop( x ) largest integer less than or equal to x €)]
Ln( ¥ ) natural logarithm of x (the base-e logarithni, where e is the natural logarithm base constarjt
2.71B 281 828..) €))
X ; X>=y
Max[ x,y ) = (19)
y 5 X<Yy
Round( x ) = Sign(x ) * Floor( Abs(x) + 0.5) (11
1 ; x>0
Sign[x)=<0 ; x==0 (19
-1 ~ \x<0
Sin([x ) trigonofetric sine function operating on an argument x in units of radians (13)
Sqrt{ x )square root of x (14)
Tan( x ) trigonometric tangent function operating on an argument x in units of radians (15)

5.9 Order of operation precedence

When order of precedence in an expression is not indicated explicitly by use of parentheses, the
following rules apply:

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

— Operations of the same precedence are evaluated sequentially from left to right.
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Table 1 specifies the precedence of operations from highest to lowest; a higher position in the table
indicates a higher precedence.

NOTE For those operators that are also used in the C programming language, the order of precedence used
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 table)

operations (with operands x, y, and z)

i Ny
7

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

XY

m"mon non nmon X nmon

Ay YL XY ; ,X%y"

y
"x +y","x - y" (as a two-argument operator), " Zf( i)

i=x

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

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

"X::y, X!:y"

"X & yu
IIX | yn
"X && yu

IIX | | yll
"x?y:z"

"X..y"

"X=y, X+=y, X_=yn

L

.10 Variables, syntax elementsand tables

yntax elements in the syntaxitables are represented in bold type. Each syntax element is described by
s name (all lower case letters with underscore characters), and one descriptor for its method pf coded
epresentation. The decéding process behaves according to the value of the syntax element and to the
alues of previously degoded syntax elements. When a value of a syntax element is used in the syntax
hbles or the text, it‘appears in regular (i.e., not bold) type.

o < S =0

et

h some cases the)syntax tables and semantics use the values of other variables derived from tHe values
f syntax elenfents. Such variables appear in the syntax tables, or text, named by a mixture of lojver case
nd uppef case letter and without any underscore characters. Variables starting with an upper case
letter afe-derived for the decoding of the current syntax structure and all depending syntax strjuctures.

ariables starting with an upper case letter could, in some cases, be used in the decoding process for
latep syntax structures without mentioning the originating syntax structure of the variable. Variables
starting with a lower case letter are only used within the subclause 1n which they are derived.

o

In some cases, "mnemonic” names for syntax element values or variable values are used interchangeably
with their numerical values. Sometimes "mnemonic" names are used without any associated numerical
values. The association of values and names is specified in the text. The names are constructed from
one or more groups of letters separated by an underscore character. Each group starts with an upper
case letter and could contain more upper case letters.

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

Functions that specify properties of the current position in the SEI message payload data are referred
to as syntax functions. These functions are specified in subclause 6.3 and assume the existence of a
pointer with an indication of the position of the next bit to be read by the decoding process from the
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payload data. Syntax functions are described by their names, which are constructed as syntax element
names and end with left and right round parentheses including zero or more variable names (for
definition) or values (for usage), separated by commas (if more than one variable).

Functions that are not syntax functions (including mathematical functions specified in subclause 5.8)
are described by their names, which start with an upper case letter, contain a mixture of lower and
upper case 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 than
one variable).

A one-djmensional array is referred to as a list. A two-dimensional array is referred to as a matrli_t
Arrays ¢an either be syntax elements or variables. Subscripts or square parentheses are used for t
indexing of arrays. In reference to a visual depiction of a matrix, the first subscript is used 43’a royw
(vertical) index and the second subscript is used as a column (horizontal) index. The indeking ordgr
is reverged when using square parentheses rather than subscripts for indexing. Thus, an’¢lement of
matrix § at horizontal position x and vertical position y could be denoted either as s[ x |[[\y’] or as s
single c¢lumn of a matrix could be referred to as a list and denoted by omission of the row index. '[yhu ,
the column of a matrix s at horizontal position x could be referred to as the list s[ x7,

= D

A speciffcation of values of the entries in rows and columns of an array could\bé denoted by { {...} {..|}
}, wherq each inner pair of brackets specifies the values of the elements-within a row in increasinig
column prder and the rows are ordered in increasing row order. Thus, settifig a matrix s equalto {{1p
}{4 9 }}|specifies thats[ 0 ][ 0] is set equal to 1, s[1 ][ 0 ] is set equal to(6, s[ 0 ][1 ] is set equal to 4, and
s[1][1] s setequal to 9.

Binary T) otation is indicated by enclosing the string of bit values by single quote marks. For exampl¢
'01000001' represents an eight-bit string having only its second and its last bits (counted from the moq
to the lepst significant bit) equal to 1.

c-r

Hexadedimal notation, indicated by prefixing the hexadecimal number by "0x", is used in some case
instead |of binary notation when the number of bits is an integer multiple of 4. For example, 0x4
represents an eight-bit string having only its second and its last bits (counted from the most to the leas
significgnt bit) equal to 1.

—~ — N

Numeridal values not enclosed in single guetes and not prefixed by "0x" are decimal values.

A value pqual to 0 represents a FALSE condition in a test statement. The value TRUE is represented by
any valye different from zero.

5.11 Text description oflogical operations

In the t¢xt, a statement.of logical operations as would be described mathematically in the following
form:

if( cpndition’0)
statement 0
elselif(‘condition 1)
statement 1

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

is typically described in the following manner:
... as follows / ... the following applies:
— If condition 0, statement 0

— Otherwise, if condition 1, statement 1
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— Otherwise (informative remark on remaining condition), statement n

Each "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" or "...
the following applies" immediately followed by "If ... ". The last condition of the "If ... Otherwise, if ...
Otherwise, ..." is always an "Otherwise, ...". Interleaved "If ... Otherwise, if ... Otherwise, ..." statements
can be identified by matching "... as follows" or "... the following applies” with the ending "Otherwise, ...".

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

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

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

else
statementn

—

5 typically described in the following manner:

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

— If all of the following conditions are true, statement O;
— condition Oa

— condition Ob

- Otherwise, if one or more of the following-¢onditions are true, statement 1:
— condition 1a

— condition 1b

— Otherwise, statement i1

]

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

if( conditioh ")
statement 0

if( comdition 1)
statément 1

—

b typically described in the following manner:

When condition 0, statement 0

When condition 1, statement 1

5.12 Processes

Processes are used to describe the decoding of syntax elements. A process has a separate specification
and invoking. All syntax elements and upper case variables that pertain to the current syntax
structure and depending syntax structures are available in the process specification and invoking. A
process specification might also have a lower case variable explicitly specified as input. Each process

© ISO/IEC 2022 - All rights reserved 15


https://standardsiso.com/api/?name=57969a52b592ac35d0c68a2fae643ff9

ISO/IEC 23002-7:2022(E)

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

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

— Ifthevariables atthe invoking and the process specification do not have the same name, the variables
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.

6 Syntax and semantics

6.1 General

It is intgnded that this document is referenced by other technical specifications, whichshould specify
certain hecessary elements to enable the use of the specified VUI parameters and SEl'mhessages.

Technical specifications that reference this document for carrying VUI parameters syntax structure
shall spg¢cify a container to carry the data of the VUI parameters syntax structure and to identify t
length im bits of the VUI parameters syntax structure, e.g., the vui_payload[+) syntax strucure specifie
in Rec. I[[TU-T H.266 | ISO/IEC 23090-3. The design of the container should provide the ability to detedt
the nunjber of bits in the vui_parameters( ) syntax structure and<to allow the number of bits to b
increasqdd in future editions of this document, thus enabling this-document to provide extensibility b
directly[appending additional syntax elements to the end of the vui_parameters( ) syntax structure i
future eflitions of this document. The syntax of the container.of the vui_parameters( ) syntax structu
is outside the scope of this document.

Technical specifications that reference this document\for carrying SEI messages shall specify a w
to carry|the payload syntax of each specified SEI message, to identify which SEI message is conveye
and to iflentify the length in bits of the SEI message syntax structure, e.g., the sei_payload( ) synta
structuie specified in Rec. ITU-T H.266 | ISOMEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-2.
The des|gn of the container should providecthe ability to detect the number of bits in an SEI messa
and to allow the number of bits to be incteased in future editions of this document, thus enabling this
document to provide extensibility by directly appending additional syntax elements to the end of t
SEI mes$age syntax structure in future editions of this document. The syntax of the container of the SHI
messaggs as well as the method efidentifying which SEI message is outside the scope of this document.

The length of the VUI parameters syntax structure or an SEI message syntax structure in bits is
referred to herein by thevariable PayloadBits, which is provided by an external means not specified i
this docpment. The number of bytes that contains the payload data is referred to herein by the variab
payloadpize, where payloadSize is equal to Ceil( PayloadBits + 8 ).

For the YUI parameters and most of the SEI messages specified in this edition of this document (othgr
than thq filler,payload, user data registered, user data unregistered, and reserved SEI messages), t
values df PayloadBits and payloadSize are not used for the parsing of the syntax. However, in so
future edition of this document, the value of PayloadBits or payloadSize could be used as part of t
syntax specification for these syntax structures, for example to identify whether payload extension
data is present in the VUI parameters or in an SEI message syntax structure that was not specified in an
earlier edition of this document.

The syntax specification in Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-2
establishes, under some circumstances, a certain pattern of bits that is used for detecting the value of
PayloadBits. It is expected that future editions of this document will be written to ensure that such
future editions will be compatible with the pattern for extension data that is specified in those other
specifications. This pattern is such that when extension data is present and the last bit of such extension
data is the last (least significant) bit of a byte, the extension data ends with a byte that contains a bit
equal to 1 followed by 7 bits that are equal to 0.
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It is a requirement of bitstream conformance to this edition of this document that the value of
PayloadBits, as determined by this external means, shall be equal to the number of bits in the VUI
parameters syntax structure or the SEI message syntax structure, as applicable.

It is a requirement of decoder conformance to this edition of this document that when PayloadBits
is greater than the number of bits in the VUI parameters syntax structure or an SEI message syntax
structure, the extra data at the end of the VUI or SEI payload data shall be ignored. The semantics for
such extra data could potentially be specified in some future edition of this document.

For example, each SEI message could be carried as a string of data bits that is prefixed with an SEI
essage payload type indication derived as a payloadType variable within a NAL unit that conld contain
ulation prevention bytes as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3. When such €nulation
revention bytes are present, the emulation prevention bytes are not counted when détermining the
alues of PayloadBits and payloadSize.

.2 Method of specifying syntax in tabular form

he syntax tables in this document specify a superset of the syntax of the VUI parameterg and all
llowed SEI messages. Additional constraints on the syntax are specified, either directly or indirectly,
other subclauses.

his subclause lists examples of the syntax specification format."When syntax_element appears, it
specifies that a syntax element is parsed from the VUI paraméters syntax or an SEI message syntax
nd the data pointer is advanced to the next position beyond the syntax element in the syntax parsing
fdrocess.

Descriptor

* A statement can be a syntax element with an a$sociated descriptor or can be an
¢xpression used to specify conditions for the existence, type and quantity of syntax
¢lements, as in the following two examples ¥/

syntax_element ug(v)
onditioning statement

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

statement

statement

* AN while" structure specifies a test of whether a condition is true, and if true, speci-
fiesevaluation of a statement (or compound statement) repeatedly until the condition
is no longer true */

while( condition )

statement

/* A"do ... while" structure specifies evaluation of a statement once, followed by a test
of whether a condition is true, and if true, specifies repeated evaluation of the state-
ment until the condition is no longer true */

do
statement
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while( condition )

/*

dition is true, specifies evaluation of a primary statement, otherwise, specifies evalu-
ation of an alternative statement. The "else" part of the structure and the associated
alternative statement is omitted if no alternative statement evaluation is needed */

An "if ... else" structure specifies a test of whether a condition is true and, if the con-

if( condition )

primary statement

else

alterpative statement

/*

conditign, and if the condition is true, specifies repeated evaluation of a primary states
ment followed by a subsequent statement until the condition is no longer true. */

A "fof" structure specifies evaluation of an initial statement, followed by a test of a

for( initial statement; condition; subsequent statement )

primpry statement

6.3 Specification of syntax functions and descriptors

The fungtions presented in this subclause are used in the syntactical description. These functions ar
expressed in terms of the value of the VUI parameters syntax 6r an SEI message syntax data pointg
that indjcates the position of the next bit to be read by the deceding process from the syntax structurg.

read_bitis( n ) reads the next n bits from the syntax structure and advances the data pointer by n b
positionjs. When n is equal to 0, read_bits( n ) is specified'to return a value equal to 0 and to not advande
the data|pointer.

The follgwing descriptors specify the parsing process of each syntax element:

18

= O

[

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

f(n){fixed-pattern bit string usingn bits written (from left to right) with the left bit first. The parsinjg
progess for this descriptor is.Specified by the return value of the function read_bits( n ).

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

— =

se(V)): signediinteger 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing
progess forthis descriptor is specified in Clause 9 with the order k equal to 0.

st(v]):@ull-terminated string encoded as universal coded character set (UCS) transmission format-8
(UTF-8J characters as specified in ISO/TEC 10646. The parsing process i1s specitied as follows: st(v)
begins at a byte-aligned position in the bitstream and reads and returns a series of bytes from the
bitstream, beginning at the current position and continuing up to but not including the next byte-
aligned byte that is equal to 0x00, and advances the bitstream pointer by ( stringLength + 1) * 8 bit
positions, where stringLength is equal to the number of bytes returned.

NOTE The st(v) syntax descriptor is only used in this document when the current position in the
bitstream is a byte-aligned position.

u(n): unsigned 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 binary representation of
an unsigned integer with most significant bit written first.
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— ue(v): unsigned integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The
parsing process for this descriptor is specified in Clause 9 with the order k equal to 0.

7 Video usability information parameters

7.1 General

This clause specifies the syntax and semantics for VUI parameters.

When any information regarding the interpretation of the pictures is not present in)the vui_
fdarameters( ) syntax structure, or the vui_parameters( ) syntax structure is not presentcther¢ may be
spme external means that controls the interpretation.
7.2 VUI parameters syntax
Yyui_parameters( payloadSize ) { Descriptor
vui_progressive_source_flag u(fl)
vui_interlaced_source_flag u(fl)
vui_non_packed_constraint_flag u((l)
vui_non_projected_constraint_flag u(fl)
vui_aspect_ratio_info_present_flag u(fl)
if( vui_aspect_ratio_info_present_flag ) {
vui_aspect_ratio_constant_flag u((l)
vui_aspect_ratio_idc u(B)
if( vui_aspect_ratio_idc == 255) {
vui_sar_width u(16)
vui_sar_height u(16)
}
}
vui_overscan_info_present_flag u([l)
if( vui_overscan_info present_flag )
vui_overscan_appropriate_flag u([l)
vui_colour_description_present_flag u([l)
if( vui_colouf description_present_flag) {
vui_celour_primaries u(B)
vui.transfer_characteristics u(B)
viui_matrix_coeffs u(B)
vui_full_range_flag u([l)
}
vui_chroma_loc_info_present_flag u(1)
if(vui_chroma_loc_info_present_flag ) {
if( vui_progressive_source_flag && !vui_interlaced_source_flag )
vui_chroma_sample_loc_type_frame ue(v)
else {
vui_chroma_sample_loc_type_top_field ue(v)
vui_chroma_sample_loc_type_bottom_field ue(v)
}
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7.3 VUI parameters semantics
VUI parameters apply to one or more CLVSs.
NOTE1 The interpretation of several syntax elements of the VUI parameters are specified by reference to

coding-independent code points specified in Rec. ITU-T H.273 | ISO/IEC 23091-2. Further information about the
usage of fuch code points is found in [TU-T H-Suppl. 19 [ I[SO/TEC TR 23091-4.

Use of the VUI parameters requires the definition of the following variables:

— A cijroma format indicator, denoted herein by ChromaFormatldc, such that the valuge 0‘indicatg

thaf the picture has only a luma component and other values indicate that the picture has three
colﬂJr components that consist of a luma component and two associated chrema components,
such that the width and height of each chroma component are the width and ‘height of the lum|
confponent divided by SubWidthC and SubHeightC, respectively, where SubWidthC and SubHeight
are determined from ChromaFormatldc as specified by Table 2.

[72)

[N

=

— A bjt depth for the samples of the luma component, denoted heréin by BitDepthy, and whe
ChrpmaFormatldc is not equal to 0, a bit depth for the samples ‘of the two associated chrom]
conponents, denoted herein by BitDepth,.

<)

Table 2 — SubWidthC and SubHeightC values deriveéd from ChromaFormatldc

ChromaFormatldc | Chroma format | SubWidthC | SubHeightC
0 Monochrome 1 1
1 4:2:0 2 2
2 4:2:2 2 1
3 4:4:4 1 1

vui_progressive_source_flag and vui_interlaced_source_flag are interpreted as follows:

— If vyi_progressive_source_flag istequal to 1 and vui_interlaced_source_flag is equal to 0, the sourge
scan type of the pictures should be interpreted as progressive only.

— Othgrwise, if vui_progressive_source_flag is equal to 0 and vui_interlaced_source_flagis equal to 1
the pource scan type ofthe pictures should be interpreted as interlaced only.

M

— Othgrwise, if vui_proegressive_source_flag is equal to 0 and vui_interlaced_source_flag is equal to
the pource scan type of the pictures should be interpreted as unknown or unspecified or specifie
by dxternal medns not specified in this document.

(SN

— Otherwise~(vui_progressive_source_flag is equal to 1 and vui_interlaced_source_flag is equal
1), the source scan type of each picture is indicated at the picture level using the syntax elemer

ffi dource scan typeina frame-field information SEI message

—+ O

vui_non_packed_constraint_flag equal to 1 specifies that there shall not be any frame packing
arrangement SEI messages present in the bitstream that apply to the CLVS. vui_non_packed_constraint_
flag equal to 0 does not impose such a constraint.

vui_non_projected_constraint_flag equal to 1 specifies that there shall not be any equirectangular
projection SEI messages or generalized cubemap projection SEI messages present in the bitstream that
apply to the CLVS. vui_non_projected_constraint_flag equal to 0 does not impose such a constraint.

vui_aspect_ratio_info_present_flag equal to 1 specifies that vui_aspect_ratio_idc is present. vui_
aspect_ratio_info_present_flag equal to 0 specifies that vui_aspect_ratio_idc is not present.
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vui_aspect_ratio_constant_flag equal to 1 specifies that the values of vui_aspect_ratio_idc, SarWidth,
and SarHeight apply to all pictures in the CLVS and there is no SARI SEI message present in the CLVS.
vui_aspect_ratio_constant_flag equal to 0 specifies that the values of vui_aspect_ratio_idc, SarWidth,
and SarHeight might or might not apply to all pictures in the CLVS and that SARI SEI messages could be
present in the CLVS indicating a different sample aspect ratio applicable to the pictures associated with
SARI SEI messages. When the vui_aspect_ratio_constant_flag syntax element is not present, the value
of vui_aspect_ratio_constant_flag is inferred to be equal to 0.

vui_aspect_ratio_idc, when not equal to 255, indicates the SAR of the luma samples of decoded
pictures in the CIVS unless indicated otherwise hy associated SARI SEI messages when vui aspect_
atio_constant_flag is equal to 0. Its semantics are as specified for the SampleAspectRatio(pgrameter
h Rec. ITU-T H.273 | ISO/IEC 23091-2. When the vui_aspect_ratio_idc syntax element is\net [present,
he value of vui_aspect_ratio_idc is inferred to be equal to 0. Values of vui_aspect_ratio_idc [that are
pecified as reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not be present in
itstreams conforming to this edition of this document. Decoders shall interpretvalues of vui| aspect_
patio_idc that are reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091%2as equivalent to the
alue 0.

< =S O wn o —-

<

ui_sar_width, when present, indicates the horizontal size of the SAR (in,arbitrary units) of the luma
amples of decoded pictures in the CLVS, unless indicated otherwise/by associated SARI SEI mpessages
rhen vui_aspect_ratio_constant_flag is equal to 0.

< W0

<

ui_sar_height, when present, indicates the vertical size of ,the) SAR (in the same arbitrary [units as
ui_sar_width) of the luma samples of decoded pictures in.the CLVS, unless indicated otheiwise by
ssociated SARI SEI messages when vui_aspect_ratio_conStant_flag is equal to 0.

D <

Vhen present, vui_sar_width and vui_sar_height shallbe relatively prime or equal to 0. When vui_
spect_ratio_idc is equal to 0 or vui_sar_width is equal to 0 or vui_sar_height is equal to 0, thie SAR is
nknown or unspecified in this document or may_be determined by other means, such as the $ARI SEI
hessage.

oo T el O Nl

<

ui_overscan_info_present_flag equal-to 1 specifies that the vui_overscan_appropriat¢_flag is
resent. When vui_overscan_info_present_flag is equal to 0 or is not present, the preferred display
hethod for the video signal is unknown or unspecified or specified by external means.

=S

ui_overscan_appropriate_flag€qual to 1 indicates that the cropped decoded pictures oufput are
uitable for display using oversean. vui_overscan_appropriate_flag equal to 0 indicates that the|cropped
ecoded pictures output contain visually important information in the entire region out to theledges of
he conformance croppingwindow of the picture, such that the cropped decoded pictures outpyt should
ot be displayed using.overscan. Instead, they should be displayed using either an exact match petween
he display area and the conformance cropping window, or using underscan. As used in this pafagraph,
he term "overscan refers to display processes in which some parts near the borders of the fcropped
ecoded pictures are not visible in the display area. The term "underscan" describes display processes
h which the/entire cropped decoded pictures are visible in the display area, but they do not dover the
ntire display area. For display processes that neither use overscan nor underscan, the display area
xactlyymatches the area of the cropped decoded pictures.

QOO = Q ct o 5 & Qo n <

=z

[ J [ elevision
programming or for a live view of people in a v1deoc0nference and vui_overscan approprlate flag equal to 0
could be used for computer screen capture or security camera content.

vui_colour_description_present_flag equal to 1 specifies that vui_colour_primaries, vui_transfer_
characteristics, and vui_matrix_coeffs are present. vui_colour_description_present_flag equal to
0 specifies that vui_colour_primaries, vui_transfer_characteristics, and vui_matrix_coeffs are not
present.

vui_colour_primaries indicates the chromaticity coordinates of the source colour primaries. Its
semantics are as specified for the ColourPrimaries parameter in Rec. ITU-T H.273 | ISO/IEC 23091-2.
When the vui_colour_primaries syntax element is not present, the value of vui_colour_primaries is
inferred to be equal to 2 (the chromaticity is unknown or unspecified or determined by other means
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not specified in this document). Values of vui_colour_primaries that are identified as reserved for future
use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams conforming to this edition
of this document. Decoders shall interpret reserved values of vui_colour_primaries as equivalent to the
value 2.

vui_transfer_characteristics indicates the transfer characteristics function of the colour
representation. Its semantics are as specified for the TransferCharacteristics parameter in
Rec. ITU-T H.273 | ISO/IEC 23091-2. When the vui_transfer_characteristics syntax element is
not present, the value of vui_transfer_characteristics is inferred to be equal to 2 (the transfer
characteristi o : e o '
document). Values of vui_transfer_characteristics that are identified as reserved for future usé€)i
Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams conforming to this editioncofthis
documeht. Decoders shall interpret reserved values of vui_transfer_characteristics as equivalentto t
value 2.

vui_mafrix_coeffs describes the equations used in deriving luma and chroma signals from the
green, blue, and red, or Y, Z, and X primaries. Its semantics are as specified for MatrixCoefficients ip
Rec. ITQ-T H.273 | ISO/IEC 23091-2.

vui_matyix_coeffs shall not be equal to 0 unless both of the following conditipns'dare true:
— BitDepth, is equal to BitDepthy.
— ChrpmaFormatldc is equal to 3 (the 4:4:4 chroma format).

The spefrification of the use of vui_matrix_coeffs equal to 0 under all other conditions is reserved fdr
future use by ITU-T | ISO/IEC.

vui_matyix_coeffs shall not be equal to 8 unless one of the.following conditions is true:
— BitDepth. is equal to BitDepthy,
— BitDepth. is equal to BitDepthy + 1 and ChromaFormatldc is equal to 3 (the 4:4:4 chroma format).

The sperification of the use of vui_matrix_ggeffs equal to 8 under all other conditions is reserved fqr
future use by ITU-T | ISO/IEC.

When the vui_matrix_coeffs syntax élement is not present, the value of vui_matrix_coeffs is inferred tp
be equal to 2 (unknown or unspecified or determined by other means not specified in this document).

vui_fulll range_flag indicates -the scaling and offset values applied in association with the
matrix [coefficients. Its .$emantics are as specified for the VideoFullRangeFlag parameter ip
Rec. ITU-T H.273 | ISO/IEE23091-2. When not present, the value of vui_full_range_flag is inferred to b
equal to0.

vui_chrpma_loc info_present_flag equal to 1 specifies that either vui_chroma_sample_loc_type
frame of bothsyi_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_fiel
are pregent vii_chroma_loc_info_present_flag equal to 0 specifies that vui_chroma_sample_loc_typd_
frame, V|ui_chroma_sample_loc_type_top_field, and vui_chroma_sample_loc_type_bottom_field are na
present.

o0

—

When ChromaFormatldc is not equal to 1, vui_chroma_loc_info_present_flag should be equal to 0.

vui_chroma_sample_loc_type_frame, vui_chroma_sample_loc_type_top_field, and vui_chroma_
sample_loc_type_bottom_field, when present, specify the location of chroma samples as follows:

— If GeneralProgressiveSourceFlag is equal to 1, GenerallnterlacedSourceFlag is equal to 0, and
ChromaFormatldcisequal to 1 (4:2:0 chroma format), vui_chroma_sample_loc_type_frame specifies
the location of chroma samples for both fields of each frame of the CLVS as shown in Figure 1.
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— Otherwise, if ChromaFormatldc is equal to 1 (4:2:0 chroma format), vui_chroma_sample_loc_type_
top_field and vui_chroma_sample_loc_type_bottom_field specify the location of chroma samples for
each top field and bottom field of the CLVS, respectively, as shown in Figure 1.

— Otherwise (ChromaFormatldc is not equal to 1), the values of the syntax elements chroma_sample_
loc_type, vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_field

shall be ignored.
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(Jhroma-saniples, where filled symbols indicate a bottom field sample type and empty symbols indicate 3
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Figure 1 — Location of chroma samples for top and bottom fields for ChromaFormatldc equal
to 1 (4:2:0 chroma format) as a function of vui_chroma_sample_loc_type_top_field and vui_

chroma_sample_loc_type_bottom_field in the range of 0 to 5, inclusive
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When ChromaFormatldc is equal to 2 (4:2:2 chroma format), the nominal positions of the chroma
samples are co-sited with the corresponding luma samples and the nominal locations in a picture are as
shown in Figure 2.
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e 2 — Nominal vertical and horizontal locations of 4:2:2 luma and chroma samples in a
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Figure 3 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samplé¢s in a
picture

=

Vhen ChromaFormatldc is equal to 0, there is no chroma sample array.

When present, the values of vui_chroma_sample_loc_type_frame, vui_chroma_sample_loc_type_top_
fleld andwui_chroma_sample_loc_type_bottom_field shall be in the range of 0 to 6, inclusive.

Wheén ChromaFormatldc is equal to 1 and vui_chroma_loc_info_present_flag is equal to 0, vui_throma_
sample loc_type frame is not present and is inferred to be equal to 6, which indicates thaf the the
location of the chroma samples is unknown or unspecified or specified by other means not specified
in this document. When vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_
bottom_field are not present, the values of vui_chroma_sample_loc_type_top_field and vui_chroma_
sample_loc_type_bottom_field are inferred to be equal to vui_chroma_sample_loc_type_frame.

NOTE 3 In Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-2, a nominal chroma
sampling type is identified for ChromaFormatldc equal to 1 that corresponds to vui_chroma_sample_loc_type_
frame, vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_field equal to 0.

Figure 4 illustrates the indicated relative position of the top-left chroma sample when ChromaFormatldc
is equal to 1 (i.e., the 4:2:0 chroma format), and vui_chroma_sample_loc_type_top_field or vui_chroma_
sample_loc_type_bottom_field is equal to the value of a variable Chroma420LocType. The region
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represented by the top-left 4:2:0 chroma sample (depicted as a large grey, solid-line square with a large
grey dot at its centre) is shown relative to the region represented by the top-left luma sample (depicted
as a small black square with a small black dot at its centre). The regions represented by neighbouring
luma samples are depicted as small grey, dotted-line squares with small grey dots at their centres.

]

CHIECE e

L__aqlX

Figurel4 — Location of the top-left chroma sample when ChromaFormatldc is equal t6\1(4:2:0
chiroma format) and Chroma420LocType is equal to 0 to 5, inclusive, from left to/ right

The relative spatial positioning of the chroma samples, as illustrated in Figure 5, canvbe expressed bjy

d
n
a
e
D

In a typjcal FIR filter design, when ChromaFormatldc is equal ta\1) (4:2:0 chroma format) or 2 (4:2:p
chroma |format), HorizontalOffsetC and VerticalOffsetC would<serve as the phase offsets for the
horizontal and vertical filter operations, respectively, for separable downsampling from 4:4:4 chromp
format tp the chroma format indicated by ChromaFormatlde.

X

Figurel5 — Location of the top-left chroma sample when ChromaFormatldc is equal to 1 (4:2:0
chroma format) when Chroma420LocType is equal to 1

Table 3|— Definition of HorizontalOffsetC and VerticalOffsetC as a function of ChromaFormatldic

and Chroma420LocType
ChromaFormatldc |Chroma420LocType| HorizontalOffsetC VerticalOffsetC
1(4:2:0) I Q 0.5
1 (4:2:0) 1 0.5 0.5
1 (4:2:0) 2 0 0
1 (4:2:0) 3 0.5 0
1 (4:2:0) 4 0 1
1 (4:2:0) 5 0.5 1
2 (4:2:2) - 0
3 (4:4:4) - 0

When ChromaFormatldc is equal to 1 (4:2:0 chroma format) and the decoded video content is intended
for interpretation according to Rec. ITU-R BT.2020 or Rec. ITU-R BT.2100, vui_chroma_loc_info_
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present_flag should be equal to 1, and vui_chroma_sample_loc_type_frame, vui_chroma_sample_loc_
type_top_field, and vui_chroma_sample_loc_type_bottom_field (as applicable) should be equal to 2.

8 SEI messages

8.1 General

Clause 8 specifies the syntax and semantics for SEI messages.

K
a
B
0

=

or SEI messages for which the specified syntax structure is empty, such as the dependent

ayload type indicator) is sufficient to convey the associated information (e.g., by indicating t
f specified constraints are fulfilled).

he semantics and persistence scope for each SEI message are specified in the semantics spec
br each particular SEI message.

OTE Persistence information for SEI messages is summarized in Table 4.

Table 4 — Persistence scope of SEI méssages

random

ccess point SEI message, the mere indication that the SEI message is present (e.g., as indicated by a

hat a set

ification

SEI message Persistence scope
Filler payload The PUeontaining the SEI message
e U 135 Unspecified
User data unregistered Unspecified
Film grain characteristics Specified by the syntax of the SEI message
Frame packing arrangement Specified by the syntax of the SEI message
Display orientation Specified by the syntax of the SEI message
Referenced parameter sets The CLVS containing the SEI message
Decoded picture liash The PU containing the SEI message
Mastering display coledr volume The CLVS containing the SEI message
Colour transform‘information Specified by the syntax of the SEI message
Content lightlevel information The CLVS containing the SEI message
DRAP indication The picture associated with the SEI message
Alternative transfer characteristics The CLVS containing the SEI message
Ambient viewing environment The CLVS containing the SEI message
Content colour volume Specified by the syntax of the SEI message
Equirectangular projection Specified by the syntax of the SEI message
Generalized cubemap projection Specified by the syntax of the SEI message
Sphere rotation Specified by the syntax of the SEI message
Reglon-wise packing Specitied by the syntax of the SEI message
Omnidirectional viewport Specified by the syntax of the SEI message
Alpha channel information Specified by the syntax of the SEI message
Frame-field information The PU containing the SEI message
Depth representation information Specified by the semantics of the SEI message
Multiview acquisition information The CVS containing the SEI message
Multiview view position The CVS containing the SEI message
Annotated regions Specified by the syntax of the SEI message
Sample aspect ratio information Specified by the syntax of the SEI message
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Table 4 (continued)
SEI message Persistence scope
Scalability dimension information The CVS containing the SEI message
Extended DRAP indication The picture associated with the SEI message

In the semantics of a particular SEI message, the phrase "the current layer"” in the semantics refer to the
layer that the particular SEI message is associated with, the phrase "the current picture” refer to the
picture that the particular SEI message is associated with, and the phrase "the current CLVS" or "the

CLVS" rg
a picture

the SEI

The vald
are split

by the gpplication”, and the second set is specified as "reserved for future use by FFU-T | ISO/IEC
Applications should be cautious of potential “collisions” of the interpretation for vales of these synta

element

in the d
value ra
does no

ranges rhight only be suitable for use in contexts in which "collisions? ofusage (i.e., different definitionfs
of the syntax and semantics of an SEI message with one of these 1D having the same value in the firgt
set of value ranges) are unimportant, or not possible, or are managed - e.g., defined or managed ip

h

the con
bitstrea

8.2 Fi

8.2.1

X
S
having yalues in the first set of value ranges for different purposes, particular.€ate should be exercisefd
f
t

0 FS-COREs = . pretare—The-assectationofs Fressage-to-atayerar
is specified in a video coding specification that specifies a coded video bitstream with which
essages are used.

es of some SEI message syntax elements, including fp_arrangement_id and omni_viewport_ig
into two sets of value ranges, where the first set is specified as "may be used as determine

BRE="E

5 belonging to the first set of value ranges. Since different applications(might use these 1D

esign of encoders that generate SEI messages with these IDs having'values in the first set d
ges, and in the design of decoders that interpret SEI messages with these IDs. This documer
I define any management for these values. These IDs having ¥alues in the first set of value

rolling application or transport specification, or by, controlling the environment in whic
ns are distributed.

fler payload SEI message

Filler payload SEI message syntax

filler_pdyload( payloadSize ) { Descriptor

for( § = 0; k < payloadSize; k++)

ff |

byte /* equal to 0xFF */ f(8)

}

8.2.2
This SEI
ff_byte

8.3 User.data registered by Rec. ITU-T T.35 SEI message

Filler payload SEI'message semantics
message cotitains a series of payloadSize bytes of value 0xFF, which can be discarded.

bhall be-abyte having the value 0xFF.

8.3.1 User data registered by Rec. ITU-T T.35 SEI message syntax
user_data_registered_itu_t_t35( payloadSize ) { Descriptor
itu_t_t35_country_code b(8)
if(itu_t_t35_country_code != 0xFF )
i=1
else {
itu_t_t35_country_code_extension_byte b(8)
i=2

28
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}

do {
itu_t_t35_payload_byte b(8)
i++

} while( i < payloadSize )

his SEI message contains user data registered as specified in Rec. ITU-T T.35, the contents pf which
re not specified in this document.

fu_t_t35_country_code shall be a byte having a value specified as a- country dode by
Hec. ITU-T T.35:2000, Annex A.

=0

fu_t_t35_country_code_extension_byte shall be a byte having a value specified as a country| code by
ec. ITU-T T.35:2000, Annex B.

ool

ot

fu_t_t35_payload_byte shall be a byte containing data registered as-specified in Rec. ITU-T T35.

he Rec ITU-T T.35 terminal provider code and terminal provider oriented code shall be contlained in
he first 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£\t35_payload_byte data shall be datp having
yntax and semantics as specified by the entity identified by the Rec ITU-T T.35 country dode and
erminal provider code.

L s ¥ WK o O o O

8.4 User data unregistered SEI message

8.4.1 User data unregistered SEI message syntax

Wiser_data_unregistered( payloadSize J{ Descriptor
uuid_iso_iec_11578 u(128)
for(i=16; i < payloadSize;i++)

user_data_payload. byte b([8)

.

4

8.4.2 User dataunregistered SEI message semantics

—

his SEI mesSage contains unregistered user data identified by a universal unique identifier] (UUID),
the contents'of which are not specified in this document.

yuid, 1s0_iec_11578 shall have a value specified as a UUID according to the procedures of
IFOAEC 11578:1996, Annex A.

user_data_payload_byte shall be a byte containing data having syntax and semantics as specified by
the UUID generator.

8.5 Film grain characteristics SEI message

8.5.1 Film grain characteristics SEI message syntax

film_grain_characteristics( payloadSize ) { Descriptor

fg_characteristics_cancel_flag u(1)

if( 'fg_characteristics_cancel_flag ) {
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fg_model_id u(2)
fg_separate_colour_description_present_flag u(1)
if( fg_separate_colour_description_present_flag) {

fg_bit_depth_luma_minus8 u(3)

fg_bit_depth_chroma_minus8 u(3)

fg_full_range_flag u(1)

fg_colour_primaries u(8)

fg [transfer_characteristics u(8)

fg Imatrix_coeffs u(8)
}
fg_blending_mode_id u(2)
fg_loLgZ_scale_factor u(4)

for(q=0;c<3;c++)

fg|comp_model_present_flag| c | u(1)
for(q=0;c<3; c++)

if(|fg_comp_model_present_flag[ c] ) {

fg_num_intensity_intervals_minus1] c ] u(8)
fg_num_model_values_minus1| c] u(3)
for(i=0;i<=fg_num_intensity_intervals_minusl][ c ]; i+¥) {
fg_intensity_interval_lower_bound[c][i] u(8)
fg_intensity_interval_upper_bound[ c][i] u(8)
for(j = 0;j <= fg_num_model_values_minusij c ]; j++)
fg_comp_model_value[ c][i][]j] se(v)
}
i
fg|characteristics_persistence_flag u(1)

}

8.5.2 Film grain characteristics SEI message semantics

This SEllmessage provides the decoder with a parameterized model for film grain synthesis.

NOTE 1 | For example, an encoder can use the film grain characteristics SEI message to characterize film grai
that was|presentih.the original source video material and was removed by pre-processing filtering techniques.
Synthesi} of simulated film grain on the input images, which can be the decoded pictures or converted from the
decoded pictures, for the display process is optional and does not need to exactly follow the specified semantids
of the filin'grain characteristics SEI message. When synthesis of simulated film grain on the input images for thie
display process is performed, there is no requirement that the method by which the synthesis is performed be
the same as the parameterized model for the film grain as provided in the film grain characteristics SEI message.

NOTE 2  The display process is not specified in this document.

NOTE3 SMPTE RDD 5 specifies a film grain simulator based on the information provided in the film grain
characteristics SEI message.

Use of this SEI message requires the definition of the following variables:

— Apicturewidthandpictureheightinunitsoflumasamples,denotedhereinbyPicWidthInLumaSamples
and PicHeightInLumaSamples, respectively.
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— When the syntax element fg_separate_colour_description_present_flag of the film grain
characteristics SEI message is equal to 0, the following additional variables:

— A chroma format indicator, denoted herein by ChromaFormatldc, as described in subclause 7.3.

— A bit depth for the samples of the luma component, denoted herein by BitDepthy, and when
ChromaFormatldc is not equal to 0, a bit depth for the samples of the two associated chroma
components, denoted herein by BitDepth.

The film grain models specified in the film gram characteristics SEI message are expressed for

: depths
rresponding to the luma and chroma bit depths of the film grain model and use the samje colour
presentation domain as the identified film grain model. When the colour format of the-decodpd video
i$ not 4:4:4 or the decoded video uses a different luma or chroma bit depth from that\of'the fi|m grain
odel or uses a different colour representation domain from that of the identified filth grain model, an
nspecified conversion process is expected to be applied to convert the decoded:\pictures to the form
that is expressed for application of the film grain model.

OTE4  Because the use of a specific method is not required for performing the.film grain generation function
sed by the display process, a decoder could, if desired, down-convert the modeliinformation for chromg in order
tp simulate film grain for other chroma formats (4:2:0 or 4:2:2) rather than up-converting the decoded video
(hsing a method not specified in this document) before performing film grdin generation.

fg_characteristics_cancel_flag equal to 1 indicates that the SEI message cancels the persidtence of
ny previous film grain characteristics SEI message in output order that applies to the currgnt layer.
b_characteristics_cancel_flag equal to 0 indicates that filim grain modelling information follows.

=

—

b_model_id identifies the film grain simulation model-as specified in Table 5. The value of fg_mnodel_id
hall be in the range of 0 to 1, inclusive. The values,df2 and 3 for fg_model_id are reserved for future use
y ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of this ddcument.
ecoders shall ignore film grain characteristic-SEI messages with fg_model_id equal to 2 or 3.

| e Bl o il 72 B e

Table’5 — fg_model_id values

Value Description
0 Frequency filtering
1 Auto-regression

b_separate_colour_description_present_flag equal to 1 indicates that a distinct combination of luma
it depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, anfl matrix
oefficients for the\film grain characteristics specified in the SEI message is present in the film grain
haracteristics/SE}V message syntax. fg_separate_colour_description_present_flag equal to 0 indicates
hat the combination of luma bit depth, chroma bit depth, video full range flag, colour piimaries,
Fansfer characteristics, and matrix coefficients for the film grain characteristics specified in the SEI
nessage are the same as indicated in VUI parameters for the CLVS.

oo T o S S 0 T 0 B © i

NOTES'  When fg_separate_colour_description_present_flag is equal to 1, any of the luma bit depth, cliroma bit
depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients specifigd for the
film grain characteristics specified in the SEI message could differ from that for the pictures in the CLVS.

When VUI parameters are not present for the CLVS or the value of vui_colour_description_present_flag
is equal to 0, and equivalent information to that conveyed when vui_colour_description_present_flag
is equal to 1 is not conveyed by external means, fg_separate_colour_description_present_flag shall be
equal to 1.

The input image I, which may be the decoded picture or converted from the decoded picture, used in
the equations in this subclause is in the same colour representation domain as the simulated film grain
signal. Therefore, when any of these parameters does differ from that for the pictures in CLVS, the input
image 1 used in the equations in this subclause would be in a different colour representation domain
than that for the pictures in the CLVS. For example, when the value of fg_bit_depth_luma_minus8 + 8
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is greater than BitDepthy (i.e., the bit depth of the luma component of the pictures in the CLVS), the bit
depth of the input image I used in the equations in this subclause is also greater than BitDepthy. In such
a case, the input image I corresponding to an actual decoded picture would be generated by converting
the actual decoded picture to be in the same colour representation domain as the the simulated film
grain signal. The process for converting an actual decoded picture to the 4:4:4 colour format with same
colour representation domain as the the simulated film grain signal is not specified in this document.

fg_bit_depth_luma_minus8 plus 8 specifies the bit depth used for the luma component of the film
grain characteristics specified in the SEI message. When fg_bit_depth_luma_minus8 is not present in
the film_grain characteristics SEI message the value of fg hit depth luma minus8 is inferred to b

equal to[BitDepthy - 8.

The valye of fgBitDepth[ 0 ] is derived as follows:
fgBitDepth[ 0 | = fg_bit_depth_luma_minus8 + 8 (14)

fg_bit_depth_chroma_minus8 plus 8 specifies the bit depth used for the Cb and‘Cr'components gf
the film|grain characteristics specified in the SEI message. When fg_bit_depth_chroma_minus8 is na
present|in the film grain characteristics SEI message, the value of fg_bit_depth_chroma_minus8 i
inferred|to be equal to BitDepth. - 8.

N ~+

The valye of fgBitDepth[ c ] for c = 1 and 2 is derived as follows:

fgBitDepth| c | = fg_bit_depth_chroma_minus8 + 8, withc =1, 2 a7
fg_full_range_flag has the same semantics as specified in subclause 7.3 for the vui_full_range_flalg
syntax dlement, except as follows:

— fg_fhll_range_flag specifies the video full range flag of the film grain characteristics specified in thie
SEI message, rather than the video full range flagjused for the CLVS.

— When fg_full_range_flag is not present in:the film grain characteristics SEI message, the value of
fg_fpll_range_flag is inferred to be equal\te vui_full_range_flag.

fg_colour_primaries has the same semantics as specified in subclause 7.3 for the vui_colour_primarigs
syntax dlement, except as follows:

— fg_cplour_primaries specifies'the colour primaries of the film grain characteristics specified in thie
SEI message, rather thantheColour primaries used for the CLVS.

— When fg_colour_primaries is not present in the film grain characteristics SEI message, the value af
fg_cplour_primariesys'inferred to be equal to vui_colour_primaries.

fg_transfer_characteristics has the same semantics as specified in subclause 7.3 for the vui_transfer_
charactgristics syntax element, except as follows:

— fg_transfer_characteristics specifies the transfer characteristics of the film grain characteristic
spetified in the SEI message, rather than the transfer characteristics used for the CLVS.

[72)

— When fg_transfer_characteristics is not present in the film grain characteristics SEI message, the
value of fg_transfer_characteristics is inferred to be equal to vui_transfer_characteristics.

fg_matrix_coeffs has the same semantics as specified in subclause 7.3 for the vui_matrix_coeffs syntax
element, except as follows:

— fg_matrix_coeffs specifies the matrix coefficients of the film grain characteristics specified in the
SEI message, rather than the matrix coefficients used for the CLVS.

— When fg_matrix_coeffs is not present in the film grain characteristics SEI message, the value of
fg_matrix_coeffs is inferred to be equal to vui_matrix_coeffs.
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— The values allowed for fg_matrix_coeffs are not constrained by the chroma format of the decoded
video pictures that is indicated by the value of ChromaFormatldc for the semantics of the VUI
parameters.

fg_blending_mode_id identifies the blending mode used to blend the simulated film grain with the
input images as specified in Table 6. fg_blending_mode_id shall be in the range of 0 to 1, inclusive. The
values of 2 and 3 for fg_blending_mode_id are reserved for future use by ITU-T | ISO/IEC and shall not
be present in bitstreams conforming to this edition of this document. Decoders shall ignore film grain
characteristic SEI messages with fg_blending_mode_id equal to 2 or 3.

Table 6 — fg_blending_mode_id values

Value Description
0 Additive
1 Multiplicative

epending on the value of fg_blending_mode_id, the blending mode is specified-as follows:

— If fg_blending_mode_id is equal to 0, the blending mode is additive.as.specified by:

Igrainl ¢ J[x [y 1= Clip3( 0, (1 << fgBitDepth[c]) - 1, I[c][x]Jiyd + G[c][x][y]) (18)

—  Otherwise (fg_blending_mode_id is equal to 1), the blending mode is multiplicative as specjfied by:

grainl ¢ 1[x [y ] = Clip3( 0, ( 1 << fgBitDepth[ c]) ~IM[ c][x ][y ]+
Round((I[c][x]1[y]*Glc1lx1[y]) + ((1<fgBitDepth[c])-1)))
]
[x

(19)

<

fhere [ ¢ I[x ][y ] represents the sample valug@t'coordinates x, y of the colour component c of the
hput image I, G[ ¢ ][ x ][ y ] is the simulated filmgtain value at the same position and colour component,
nd fgBitDepth[ c ] is the number of bits used for each sample in a fixed-length unsigned binary

presentation of the arrays lgram[ cl[x1Y 1L I[cl[x][y] and G[ 1[x][y ], where c = 0.2, x = 0..
icWidthInLumaSamples - 1, and y = 0xRicHeightInLumaSamples -

—

fg_log2_scale_factor specifies a scale’factor used in the film grain characterization equations.

fg_comp_model_present_flag[ c ] equal to 0 indicates that film grain is not modelled on the c-th colour
mponent, where c equal £t0-0 refers to the luma component, c equal to 1 refers to the Cb component,
nd c equal to 2 referscta-the Cr component. fg_comp_model_present_flag[ c ] equal to 1 indicates
that syntax elements specifying modelling of film grain on colour component c are present i} the SEI
essage.

hen fg_separate”“colour_description_present_flag is equal to 0 and ChromaFormatldc is eqpal to O,
the value of fgs¢comp_model_present_flag[1 ] and fg_comp_model_present_flag[2 | shall be equdl to 0.

fg_num_intensity_intervals_minus1[ c ] plus 1 specifies the number of intensity intervals forjwhich a
specific-set of model values has been estimated.

OTE 6 ___The intensity intervals could overlap in order to simulate multi-generational film grain.

fg_num_model_values_minus1| c | plus 1 specifies the number of model values present for each
intensity interval in which the film grain has been modelled. The value of fg_num_model_values_
minusl1[ c ] shall be in the range of 0 to 5, inclusive.

fg_intensity_interval_lower_bound| c ][ i ] specifies the lower bound of the i-th intensity interval for
which the set of model values applies.

fg_intensity_interval_upper_bound| c ][ i ] specifies the upper bound of the i-th intensity interval for
which the set of model values applies.

The variable intensitylntervalldx| c

Il x1[ vy 1[]j] represents the j-th index to the list of intensity
intervals selected for the sample value

X 101
[[c][x][y] for c =0.2, x = 0..PicWidthInLumaSamples - 1,
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y = 0..PicHeightInLumaSamples - 1, and j = 0..numApplicablelntensitylntervals[ c ][ x ][ y ] = 1, where
numApplicablelntensitylntervals[ c ][ x ][ y ] is derived below.

Depending on the value of fg_model_id, the selection of the one or more intensity intervals for the
sample value I[ c ][ x ][ y ] is specified as follows:

— The variable numApplicablelntensitylntervals[ c ][ x ][ y ] is initially set equal to 0.

— Iffg_model_id is equal to 0, the following applies:

— [The top-left sample location ( xB, yB ) of the current 8x8 block b that contains the sample valule
[[c][x][y]isderivedas (xB,yB)=(x/8,y/8).

— [The average value b,, of the current 8x8 block b is derived as follows:

sum8x8 = 0
for(i=0;i<8;i++)
for(j=0;j<8;j++) (20)
sum8x8 += [[c][xB*8+i][yB*8+j]
bavg = Clip3( 0, 255, (sum8x8 + (1 << (fgBitDepth[c]-3))) >> (fgBit-
Depth[c]-2))

— |The value of intensityIntervalldx[ c ][ x ][ y ][ j ] is derived as folpws:

for(i=0,j=0;i <= fg_num_intensity_intervals_minus1[.¢\];i++)
if( b,y >= fg_intensity_interval_lower_bound[ c ][ i] &&
b,,e <= fg_intensity_interval_upper_bound[ecJfi]) {
intensitylntervalldx[ c][x ][y ][j] =1 (21)
j++

numApplicablelntensitylntervals[ c ][ x ][ 3+J= ]

— Otherwise (fg_model_id is equal to 1), the value of intensitylntervalldx[ c ][ x ][ y ][ j ] is derived als
follqws:

lglcl[x][y]=(fgBitDepth[c] == 8)? (I[c][x][y]:
Clip3( 0, 255, (I[c][xJly ] + (1 << (fgBitDepth[c]-9))) >> (fgBitDepth[c] -

8))
for(i=0,j=0;i <= fg_num_intensity_intervals_minusl[ c ]; i++)
if(Ig[ c][x ][y ] #=/fg_intensity_interval_lower_bound[c][i] && (22)

Ig[ c ][ x 'y <= fg_intensity_interval_upper_bound[c][i]) {
intensityintervalldx[ c][x][y][j] =1
j++

numApplicablelntensitylntervals[ c][x ][y ] =]

Sampleq thiat do not fall into any of the defined intervals (i.e., those samples for which the value qf
numApplicablelntensitylntervals[ ¢ ][ x I[ v ] is equal to 0) are not modified by the grain generatio
function. Samples that fall into more than one interval (i.e., those samples for which the value of
numApplicablelntensitylntervals[ c¢ ][ x ][ y | is greater than 1) will originate multi-generation grain.
Multi-generation grain results from adding the grain computed independently for each of the applicable
intensity intervals.

In the equations in the remainder of this subclause, the variable s; in each instance of the list fg_comp_
model_value[ c ][ s; ] is the value of intensityIntervalldx[ c ][ x ][ y ]J[j ] derived for the sample value I[ c ]

[x1[y]-

fg_comp_model_value[ c ][ i][j ] specifies the j-th model value for the colour component c and the i-th
intensity interval. The set of model values has different meaning depending on the value of fg_model_id.
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The value of fg_comp_model_value[ ¢ ][ i ][ j ] is constrained as follows, and could be additionally
constrained as specified elsewhere in this subclause:

— Iffg_model_idis equal to 0,fg_comp_model_value[ c][i][j] shall be in the range of 0 to 2fgBitDepth{c] 1
inclusive.

— Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ j ] shall be in the range of
—2(fgBitDepth[c]-1) o 2(fgBitDepth[c]-1) — 1, inclusive.

Depending on the value of fg_model_id, the synthesis of the film grain is modelled as follows:

+ Iffg_model_id is equal to 0, a frequency filtering model enables simulating the original film.grain for
¢ =0.2,x=0.PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples - 1 a§ spedified by:

- Iffg_model_id is equal to 0, a frequency filtering model enables simulating the original film grain for
¢ =0..2,x=0.PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples = 1 as spedified by:

G[c][x]ly]= (fg_comp_model value[ c][s;][0]*Q[c][x][y]+
fg_comp_model_value[ c ][ s;][5 ] * (23)
G[c-1][x][y]) >>fg_log2_scale_factor

where Q[ c ] is a two-dimensional random process generated by filfering 16x16 blocks gaus§Rv with
random-value elements gaussRvy; generated with a normalized\Gaussian distribution (indgpendent
and identically distributed Gaussian random variable sample$ with zero mean and unity variaphce) and
where the value of an element G[ c = 1 ][ x ][ y | used in the fight-hand side of the equation is inferred to
he equal to 0 when c - 1 is less than 0.

NOTE7 A normalized Gaussian random variable can”be generated from two independent, yniformly
distributed random values over the interval from 0 to.:\(and not equal to 0), denoted as uRv, and uRvy, psing the
Hox-Muller transformation specified by:

gaussRv;; = Sqrt( -2 * Ln(uRv ) ) * Cos(2™ m * uRv; ) (24)

where 1 is Archimedes' constant 3.141:592 653 589 793....

—

he band-pass filtering of blocks-gaussRv can be performed in the discrete cosine transforin (DCT)
domain as follows:

for(y=0;y<16; y+£)
for(x=0; x < 16)\x++)
if( (x < fgleomp_model _value[ c][ sj][3] && y <
fg_comp_model value[ c ][ sj ][4]) | |
x>\fg_comp_model_value[ c][sj][1] || y>
fg_compzmodel_value[ c ][ sj 1[2])
gaussRv[x][y]=0
filteredRv = IDCT16x16( gaussRv )

(25)

vihete IDCT16x1 F\( Z ) referstoa unitary inverse discrete cosine transformation (ln("l") operating on a

16x16 matrix argument z as specified by:

IDCT16x16(z)=r*z* T (26)

where the superscript T indicates a matrix transposition and r is the 16x16 matrix with elements r;;
specified by:

:((i::0)?1:Sqrt(2)*COS[i*(2*j+1)*7£]

r. . 27
L) 4 32 (27)

where m is Archimedes' constant 3.141 592 653 589 793....
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Q[ c]is formed by the frequency-filtered blocks filteredRv.

NOTE8 Coded model values are based on blocks of size 16x16, but a decoder implementation could use other
block sizes. For example, decoders implementing the IDCT on 8x8 blocks could down-convert by a factor of two
the set of coded model values fg_comp_model_value[ ¢ ][ s; ][ i] foriequal to 1..4.

NOTE9 To reduce the degree of visible blocks that result from mosaicking the frequency-filtered blocks
filteredRv, decoders could apply a low-pass filter to the boundaries between frequency-filtered blocks.

— Otherwise (fg_model_id is equal to 1), an auto-regression model enables simulating the original
fll nv‘ﬂ;v\‘ for o — n 2 = n D n‘/\l r]{—‘«'v\] 1S ananlac 1 f\v\d }v— O Diclaightlan] i 2 C ol ac 1 Q<

o€ E-TE:S trrrtESampreS——=att o Erreig et aoapreS—=3as

spegified by:

O

Gl c|l[ x]1[y]=(fg_comp_model_value[ c][sj][ O] *n[c
[g_comp_model_value[ c][sj][1] *(G[c][x-1][y]
'(fg comp_model_value[ c][sj][4] *G[c][x][y -1
g log2_scale_factor ) ) + fg_comp_model_value[ c ][ sj
[ ( (fg_comp_model_value[c][sj][4] *G[c][x-1]]
'g_log2_scale_factor ) +G[c][x+1][y-1])+
fg_comp_model_value[ c][sj][5] *(G[c][x-2][y]+
( (fg_comp_model_value][ c ][ sj ][4] * fg_comp_model_value[ c ][ sj(|[4] *
Glc][x]l[y—-2]) > (2*fg_log2_scale_factor))) +
fg_comp_model_value[ c][sj][2] *G[c-1][x][y]) >> fg_log2_scale_factor

] ) >> (28)

where 1[ ¢ ][ x ][ y ] is a random value with normalized Gaussian distribution (independent an
identically distributed Gaussian random variable samples with.zero mean and unity variance for eac
value of|c, X, and y) and the value of an element G[ c ][ x ][ y J«used in the right-hand side of the equatio
is inferrpd to be equal to 0 when any of the following conditions are true:

=g e

—

— cis]essthan0,
— xis]essthan 0,
— yis|essthan 0.

fg_comp model_value[ c][i][ O ] providesthe first model value for the model as specified by fg_mode
id. fg_comp_model_value[ c][i][ O ] cerresponds to the standard deviation of the Gaussian noise term i
the gengration functions specified-in:Formulae 23 through 28.

-

fg_comp model_value[ c ][ i }|1.} provides the second model value for the model as specified by fg_
model_i¢l. When fg_model dd~is equal to 0, fg_comp_model_value[ c ][ i ][1 ] shall be greater than d
equal to|0 and less than 16,

=

When npt present in/thie film grain characteristics SEI message, fg_comp_model_value[ c ][ i ][1 ] is
inferred as follows:

— Iffgl modelyid is equal to 0, fg_comp_model_value[ c ][ i ][1 ] is inferred to be equal to 8.

— Othgerwise (fg_model_id is equal to 1), fg_comp_model value[ c][i][1l ] is inferred to be equal to 0,

fg_comp_model_value[ ¢ ][i][1 ] is interpreted as follows:

— If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][1 ] indicates the horizontal high cut
frequency to be used to filter the DCT of a block of 16x16 random values.

— Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][1 ] indicates the first order
spatial correlation for neighbouring samples (x-1,y)and (x,y - 1).

fg_comp_model_value[ c ][ i ][2 ] provides the third model value for the model as specified by fg_model_
id. When fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][2 ] shall be greater than or equal to 0
and less than 16.
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When not present in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i ][2 ] is
inferred as follows:

— If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][2 ] is inferred to be equal to fg_comp_
model_value[ c][i][1]

— Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ 1][2 ] is inferred to be equal to 0.

fg_comp_model_value[ c][i][2 ] is interpreted as follows:

1EL ph G - lia O € dol 1 | P I -l N e T IR i +la i l1licla + L
11 15_uluuc1_1u 15 C\iucll LUV, ls_bUllll)_lllUuCl_V aluCL C Jl I JI_L J ITTUICALCOS LIIT veT tiItal 111511 CuL Il quency

to be used to filter the DCT of a block of 16x16 random values.

+ Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ ¢ ][ i ][2 ] indicates thg colour
correlation between consecutive colour components.

fg_comp_model_value[ c][i][3 ] provides the fourth model value for the model asispecified by fg_model_

ig. When fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][3 ] shall be greater than or equal to 0
and less than or equal to fg_comp_model_value[ c ][1][1 ].

When not present in the film grain characteristics SEI message, fg.comp_model_value[ c ][ [ ][3 ] is
inferred to be equal to 0.

fg_comp_model_value[ c][i][3 ] is interpreted as follows:

+ If fg_model_id is equal to 0, fg_comp_model_value[ ,c\]J] i ][3 ] indicates the horizontal|low cut
frequency to be used to filter the DCT of a block of 16X%16 random values.

+ Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][3 ] indicates the first order
spatial correlation for neighbouring samples{(x=1,y-1)and (x+1,y-1).
fg_comp_model_value[ c ][ i ][4 ] provides thefifth model value for the model as specified by fg_model_
igl. When fg_model_id is equal to 0, fg_comp, model_value[ c ][ i ][4 ] shall be greater than or equal to 0
and less than or equal to fg_comp_model(value[ c][i][2 ].

When not present in the film grain‘characteristics SEI message, fg_comp_model_value[ c ][ |i ][4 ] is
ipferred to be equal to fg_model_id!

fg_comp_model_value[ c ][ i-]f4] is interpreted as follows:

+ Iffg_model_id is equal'to 0, fg_comp_model_value[ c ][ i ][4 ] indicates the vertical low cut frequency
to be used to filter.the DCT of a block of 16x16 random values.

-+ Otherwise ffgimodel_id is equal to 1), fg_comp_model_value[ c ][ i ][4 ] indicates the aspecf ratio of
the modelled grain.

fg_comp.model_value[ c ][i][5 ] provides the sixth model value for the model as specified by fg_model_
ifl.

When not present in the film grain characteristics SEI message, fg_comp_model_value[ ¢ ][ [ ][5 ] is
inferred to be equalto 0.

fg_comp_model_value[ c][i][5 ] is interpreted as follows:

— Iffg_model_id isequal to 0, fg_comp_model_value[ c][i][5 ] indicates the colour correlation between
consecutive colour components.

— Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ ¢ ][ i ][5 ] indicates the second order
spatial correlation for neighbouring samples (x,y-2)and (x-2,y).

fg_characteristics_persistence_flag specifies the persistence of the film grain characteristics SEI
message for the current layer.
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fg_characteristics_persistence_flag equal to 0 specifies that the film grain characteristics SEI message
applies to the current decoded picture only.

fg_characteristics_persistence_flag equal to 1 specifies that the film grain characteristics SEI message
applies to the current decoded picture and persists for all subsequent pictures of the current layer in
output order until one or more of the following conditions are true:

— A new CLVS of the current layer begins.

— The bitstream ends.

[72)

— A picture in the current layer in an AU associated with a film grain characteristics SEI message i
output that follows the current picture in output order.

8.6 Frame packing arrangement SEI message

8.6.1 Frame packing arrangement SEI message syntax

frame_packing_arrangement( payloadSize ) { Descriptor
fp_agrangement_id ue(v)
fp_agrangement_cancel_flag u(1)
if( 'fg_arrangement_cancel_flag) {
fp]arrangement_type u(7)
fp]quincunx_sampling_flag u(1)
fp| content_interpretation_type u(6)
fp|spatial_flipping_flag u(1)
fp|frameO_flipped_flag u(1)
fplfield_views_flag u(1)
fp|current_frame_is_frame0_flag u(1)
fp|frame0_self_contained_flag u(1)
fp|framel_self contained_flag u(1)
if(|'fp_quincunx_sampling_flag-&& fp_arrangement_type !=5) {
fp_frame0_grid_position-x u(4)
fp_frame0_grid_position_y u(4)
fp_framel_grid-position_x u(4)
fp_framel_grid _position_y u(4)
}
fp]arrangement_reserved_byte u(8)
fp|arrfangement_persistence_flag u(1)
}
fp_upsampled_aspect_ratio_flag u(1)

}

8.6.2 Frame packing arrangement SEI message semantics

This SEI message informs the decoder that the cropped decoded picture contains samples of multiple
distinct spatially packed constituent frames that are packed into one frame, or that the output
cropped decoded pictures in output order form a temporal interleaving of alternating first and second
constituent frames, using an indicated frame packing arrangement scheme. This information can be
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used by the decoder to appropriately rearrange the samples and process the samples of the constituent
frames appropriately for display or other purposes (which are outside the scope of this document).

NOTE1 The interpretation of frame_packing arrangement_type is in alignment with the code point
specifications in Rec. ITU-T H.273 | ISO/IEC 23091-2. However, more values of frame_packing_arrangement_type
are specified in Rec. ITU-T H.273 | ISO/IEC 23091-2 than are specified for use herein.

This SEI message may be associated with pictures that are either frames or fields (as determined outside
the scope of this document). The frame packing arrangement of the samples is specified in terms of
the sampling structure of a frame in order to define a frame packing arrangement structure that is
ifivariant with respect to whether a picture is a single field of such a packed frame or is a qomplete
acked frame.

acking arrangement SEI message. The value of fp_arrangement_id shall be in the range of 0 tq 232 - 2,

i
B

fp_arrangement_id contains an identifying number that may be used to identify the usagé of the frame
H

ihclusive.

Values of fp_arrangement_id from 0 to 255, inclusive, and from 512 to 231 1,-inclusive, may|be used
ds determined by the application. Values of fp_arrangement_id from 256 t6 511, inclusive, and from 231
tp 232 - 2, inclusive, are reserved for future use by ITU-T | ISO/IEC. Decéders encountering a|value of
fp_arrangement_id in the range of 256 to 511, inclusive, or in the range)of 231 to 232 - 2, inclusjve, shall
ignore it.

fp_arrangement_cancel_flag equal to 1 indicates that the SEI message cancels the persistenge of any
fdrevious frame packing arrangement SEI message in output'order that applies to the current layer. fp_
drrangement_cancel_flag equal to 0 indicates that frame packing arrangement information follpws.

—

p_arrangement_type identifies the indicated intérpretation of the sample arrays of the output
ropped decoded picture as specified in Table 7.

Q

Vhen fp_arrangement_type is equal to 3 or 4yeach component plane of the output cropped decoded
icture contains all samples (when ffi_field\ pic_flag is equal to 0) or the samples corresponding to the
pp or bottom field (when ffi_field_pic_flag is equal to 1) of the samples of a frame packing arrapgement
tructure.

wn_ ot

Table'7 — Definition of fp_arrangement_type

Value Interpretation

3 The frame packing arrangement structure contains a side-by-side packing arrangement of cogre-
sponding planes)of two constituent frames as illustrated in Figure 6, Figure 7 and Figure 10.

4 The frame paeking arrangement structure contains a top-bottom packing arrangement of corfe-
sponding planes of two constituent frames as illustrated in Figure 8 and Figure 9.

5 The €éemponent planes of the output cropped decoded pictures in output order form a temporal inter-
leavinig of alternating first and second constituent frames as illustrated in Figure 11.

NOTE 25> Figure 6 to Figure 10 provide typical examples of rearrangement and upconversion procgssing for
viarious' packing arrangement schemes. Actual characteristics of the constituent frames are signalled|in detail
by the subsequent syntax elements of the frame packing arrangement SEI message. In Figure 6 to Figure 10, an
upconversion processing is performed on each constituent frame to produce frames having the same resolution
as that of the decoded frame. An example of the upsampling method to be applied to a quincunx sampled frame as
shown in Figure 10 is to fill in missing positions with an average of the available spatially neighbouring samples
(the average of the values of the available samples above, below, to the left and to the right of each sample to be
generated). The actual upconversion process to be performed, if any, is outside the scope of this document.

NOTE3  When the output time of the samples of constituent frame 0 differs from the output time of the
samples of constituent frame 1 (i.e., when fp_field_views_flag is equal to 1 or fp_arrangement_type is equal to 5)
and the display system in use presents two views simultaneously, the display time for constituent frame 0 could
be delayed to coincide with the display time for constituent frame 1. (The display process is not specified in this
document.)
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NOTE4  When fp_field_views_flagis equal to 1 or fp_arrangement_type is equal to 5, the value 0 for fixed_pic_
rate_within_cvs_flag is not expected to be prevalent in industry use of this SEI message.

NOTES5 fp_arrangement_type equal to 5 describes a temporal interleaving process of different views.

All other values of fp_arrangement_type are reserved for future use by ITU-T | ISO/IEC. It is a
requirement of bitstream conformance that bitstreams conforming to this edition of this document
shall not contain such other values of fp_arrangement_type. Decoders shall ignore frame packing
arrangement SEI messages that contain reserved values of fp_arrangement_type.

fp_quinpunmx—sampting_flagequatto-timdicates thateachcotour compoment plamreof eachcomstituent
frame i$ quincunx sampled as illustrated in Figure 10 and fp_quincunx_sampling_flag equalto
indicatep that the colour component planes of each constituent frame are not quincunx sampled,

[=)

When fp_arrangement_type is equal to 5, it is a requirement of bitstream conformance" that fy_
quincunx_sampling_flag shall be equal to 0.

[72)

NOTE 6 | For any chroma format (monochrome, 4:2:0, 4:2:2 or 4:4:4), the luma plane and edagh-chroma plane (g
applicable) is quincunx sampled as illustrated in Figure 10 when fp_quincunx_sampling_flag is equal to 1.

fp_content_interpretation_type indicates the intended interpretation of the‘constituent frames as
specifiefl in Table 8. Values of fp_content_interpretation_type that do not appear in Table 8 are reservefd
S
n

for future specification by ITU-T | ISO/IEC and shall not be present initstreams conforming to thi
edition ¢f this document. Decoders shall ignore frame packing arrangement SEI messages that contai
reserved values of fp_content_interpretation_type.

For eaclh specified frame packing arrangement scheme, there are two constituent frames that are
referred to as frame 0 and frame 1.

Table 8 — Definition of fp_content_interpretation_type

Value Interpretation
0 Unknown or unspecified relationship between the frame packed constituent frames
1 Indicates that the two constituent frames form the left and right views of a stereo view scene, with

frame 0 being associated with theleft view and frame 1 being associated with the right view

2 Indicates that the two constituentframes form the right and left views of a stereo view scene, with
frame 0 being associated with'the right view and frame 1 being associated with the left view

%)

NOTE 7 | The value 2 for fp_contént_interpretation_type is not expected to be prevalent in industry use of th
SEI messpge. However, the valué was specified herein for purposes of completeness.

=)

fp_spatial_flipping_flag-equal to 1, when fp_arrangement_type is equal to 3 or 4, indicates that one
the two|constituent frames is spatially flipped relative to its intended orientation for display or othe
such purposes.

—

=)

When fp_arrangement_type is equal to 3 or 4 and fp_spatial_flipping_flag is equal to 1, the type q
spatial flipping that is indicated is as follows:

— Otherwise (fp_arrangement_type is equal to 4), the indicated spatial flipping is vertical flipping.

When fp_arrangement_type is not equal to 3 or 4, it is a requirement of bitstream conformance that
fp_spatial_flipping_flag shall be equal to 0. When fp_arrangement_type is not equal to 3 or 4, the value
1 for fp_spatial_flipping_flag is reserved for future use by ITU-T | ISO/IEC. When fp_arrangement_type
is not equal to 3 or 4, decoders shall ignore the value 1 for fp_spatial_flipping_flag.

fp_frameO_flipped_flag, when fp_spatial_flipping_flag is equal to 1, indicates which one of the two
constituent frames is flipped.

40 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=57969a52b592ac35d0c68a2fae643ff9

ISO/IEC 23002-7:2022(E)

When fp_spatial_flipping_flag is equal to 1, fp_frameO_flipped_flag equal to 0 indicates that frame 0 is
not spatially flipped and frame 1 is spatially flipped and fp_frameO_flipped_flag equal to 1 indicates
that frame 0 is spatially flipped and frame 1 is not spatially flipped.

When fp_spatial_flipping_flag is equal to 0, it is a requirement of bitstream conformance that fp_
frameO_flipped_flag shall be equal to 0. When fp_spatial_flipping_flag is equal to 0, the value 1 for
fp_spatial_flipping_flag is reserved for future use by ITU-T | ISO/IEC. When fp_spatial_flipping_flag is
equal to 0, decoders shall ignore the value of fp_frame0_flipped_flag.

fp_field_views_flag equal to 1 indicates that all pictures in the current CLVS are coded as fields, all
flelds of a particular parity are considered a first constituent frame and all fields of the opposite parity
are considered a second constituent frame. It is a requirement of bitstream conformance' that the fp_
fleld_views_flag shall be equal to 0, the value 1 for fp_field_views_flag is reserved for)futurg use by
[[FU-T | ISO/IEC and decoders shall ignore the value of fp_field_views_flag.

fp_current_frame_is_frame0_flag equal to 1, when fp_arrangement is equal te\5, indicates [that the
durrent decoded frame is constituent frame 0 and the next decoded frame in gytput order is corstituent
frame 1 and the display time of the constituent frame 0 should be delayed to e¢oincide with the¢ display
time of constituent frame 1. fp_current_frame_is_frame0_flag equal to 0,dwheén fp_arrangementis equal
tp 5, indicates that the current decoded frame is constituent frame l-and the previous decod¢d frame
ih output order is constituent frame 0 and the display time of the-censtituent frame 1 should not be
delayed for purposes of stereo-view pairing.

hen fp_arrangement_type is not equal to 5, the constituent frame associated with th¢ upper-
left sample of the decoded frame is considered to be constituent frame 0 and the other corjstituent
frame is considered to be constituent frame 1. Whenxp arrangement_type is not equal to p, it is a
equirement of bitstream conformance that fp_currentframe_is_frame0_flag shall be equal to[0. When
fp_arrangement_type is not equal to 5, the value 1 for fp_current_frame_is_frame0_flag is resqrved for
fhiture use by ITU-T | ISO/IEC. When fp_arrangemient_type is not equal to 5, decoders shall ighore the
alue of fp_current_frame_is_frame0_flag.

fp_frameO_self_contained_flag equal to T indicates that no inter prediction operations within the
decoding process for the samples of constituent frame 0 of the CLVS refer to samples of any cor}stituent
frame 1. fp_frameO_self_contained_flag equal to 0 indicates that some inter prediction operations

ithin the decoding process for the'samples of constituent frame 0 of the CLVS might or might not refer
tp samples of some constituent frame 1. Within a CLVS, the value of fp_frame0_self_contained_flag in all
frame packing arrangementSEI messages shall be the same.

fp_framel_self_contained_flag equal to 1 indicates that no inter prediction operations within the
decoding process for.the samples of constituent frame 1 of the CLVS refer to samples of any cor}stituent
frame 0. fp_framel_self contained_flag equal to O indicates that some inter prediction operations

ithin the decoding process for the samples of constituent frame 1 of the CLVS might or might pot refer
tp samples of&eme constituent frame 0. Within a CLVS, the value of fp_framel_self_contained_flag in all
frame packing arrangement SEI messages shall be the same.

henspr quincunx_sampling_flag is equal to 0 and fp_arrangement_type is not equal to 5, twp ( %,y )
doordinate pairs are specified to determine the indicated luma sampling grid alignment for corjstituent
frame 0 and constituent frame elative to the upper left corner of the rectangular area represented
by the samples of the corresponding constituent frame.

NOTE8 The location of chroma samples relative to luma samples could be indicated by the vui_chroma_
sample_loc_type_frame or vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_
field syntax elements in the VUI parameters, when present.

fp_frameO_grid_position_x (when present) specifies the x component of the ( %, y ) coordinate pair for
constituent frame 0.

fp_frameO_grid_position_y (when present) specifies the y component of the ( x, y ) coordinate pair for
constituent frame 0.
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fp_framel_grid_position_x (when present) specifies the x component of the ( x, y ) coordinate pair for
constituent frame 1.

fp_framel_grid_position_y (when present) specifies the y component of the ( %, y ) coordinate pair for
constituent frame 1.

When fp_quincunx_sampling_flag is equal to 0 and fp_arrangement_type is not equal to 5 the ( x,y )
coordinate pair for each constituent frame is interpreted as follows:

— If the ( %, y ) coordinate pair for a constituent frame is equal to ( 0, 0 ), this indicates a default
sanmpling grid alignment speciiied as follows:

— |If fp_arrangement_type is equal to 3, the indicated position is the same as for the (% y
coordinate pair value ( 4, 8), as illustrated in Figure 6.

R

— [Otherwise (fp_arrangement_type is equal to 4), the indicated position is the same as for the
(x,y) coordinate pair value ( 8, 4 ), as illustrated in Figure 8.

(i

— Otherwise, ifthe (x,y) coordinate pair for a constituent frame is equal to ( 15, 15 ), this indicates th4
the spampling grid alignment is unknown or unspecified or specified by othefdneans not specified i
this|document.

o=}

— Otherwise, the x and y elements of the ( %, y ) coordinate pair specifythe indicated horizontal anfd
vertlical sampling grid alignment positioning to the right of and béelow the upper left corner of t
recfangular area represented by the corresponding constituent.frame, respectively, in units of OE
sixtpenth of the luma sample grid spacing between the samplées of the columns and rows of t

constituent frame that are present in the decoded framey(prior to any upsampling for display d

othé¢r purposes).

—

NOTE9 | The spatial location reference information fp_frame0_grid_position_x, fp_frame0_grid_position_
fp_framell _grid_position_x, and fp_framel_grid_position.y*is not provided when fp_quincunx_sampling_flalg
is equal fo 1 because the spatial alignment in this case“is assumed to be such that constituent frame 0 and
constitugnt frame 1 cover corresponding spatial areas with interleaved quincunx sampling patterns as illustrated

in Figurd 10.

-~

fp_arrapgement_reserved_byte is reserved for future use by ITU-T | ISO/IEC. It is a requirement of
bitstream conformance that the value.offp_arrangement_reserved_byte shall be equal to 0. All othdr
values of fp_arrangement_reserved.byte are reserved for future use by ITU-T | ISO/IEC. Decoders shall
ignore the value of fp_arrangement)reserved_byte.

et

fp_arrapgement_persistence) flag specifies the persistence of the frame packing arrangement SH
messagd for the current layen

fp_arrarngement_persistence_flag equal to 0 specifies that the frame packing arrangement SEI messag
applies fo the current.decoded frame only.

D

fp_arrangement persistence_flag equal to 1 specifies that the frame packing arrangement SEI messag
applies fo the’current decoded picture and persists all subsequent pictures of the current layer i
output drder until one or more of the following conditions are true:

> O

— A new CLVS of the current layer begins.
— The bitstream ends.

— Apicture in the current layer in an AU associated with a frame packing arrangement SEI message is
output that follows the current picture in output order.

fp_upsampled_aspect_ratio_flag equal to 1 indicates that the SAR indicated by the VUI parameters or
the SARI SEI message identifies the SAR of the samples after the application of an upconversion process
to produce a higher resolution frame from each constituent frame as illustrated in Figure 6 to Figure 10.
fp_upsampled_aspect_ratio_flag equal to 0 indicates that the SAR indicated by the VUI parameters or
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the SARI SEI message identifies the SAR of the samples before the application of any such upconversion
process.

NOTE 10 The SAR indicated in the VUI parameters or the SARI SEI message could indicate the preferred display
picture shape for the packed decoded frame output by a decoder that does not interpret the frame packing
arrangement SEI message. When fp_upsampled_aspect_ratio_flag is equal to 1, the SAR produced in each up-
converted colour plane is indicated to be the same as the SAR indicated in the VUI parameters or the SARI SEI
message in the examples shown in Figure 6 to Figure 10. When fp_upsampled_aspect_ratio_flag is equal to 0, the
SAR produced in each colour plane prior to upconversion is indicated to be the same as the SAR indicated in the
VUI parameters or the SARI SEI message in the examples shown in Figure 6 to Figure 10.

X X X X X[ x| x| x{x|x|x|x
X X X X X | x| xsxlx | x| x | x
X X X X XX IXpx | x| x| x|x
X X X X | Upconversion x| x x| x| x| x|x
I . ”
X X X X processing XX [ x| x| x|x|x]|x
X X X X X[ x| x| x|x|x]|x]|x
X X X X X[ x| x| x|x|x]|x]|x
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Figure 6 — Flowchart'for rearrangement and upconversion of side-by-side packi
arrangement with fp_arrangement_type equal to 3, fp_quincunx_sampling_flag equal t¢ 0 and
(x,y:) equalto (0, 0) or (4, 8) for both constituent frames
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Higure 7 — Flowchart for rearrangement and upconversion of side-by-side packing
arrangement with fp_arrangement_type equal to35fp_quincunx_sampling_flag equal to
0, (lx,y ) equal to ( 12, 8) for constituent frame 0and ( X,y ) equal to (0,0 ) or ( 4, 8) for
constituent frame 1
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Figure 8 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement
with fp_arrangement_type equal to 4, fp_quincunx_sampling_flag equal to 0 and ( x, y ) ¢qual to
(0,0) or (8,4) for both constituent frames
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Figure 9 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement

with fp_arrangement_type equal to 4, fp_quincunx_sampling_flag equal to 0, ( X, y ) equal to
(8,12) for constituent frame 0 and (x,y ) equal to (0, 0 ) or ( 8, 4 ) for constituent frame 1
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Figure 10 — Flowchart for rearrangement and upconversion of side-by-side packing
arrapgement with quincunx sampling (fp_arrangenyent_type equal to 3 with fp_quincunx_
sampling_flag equal to 1)
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Figure 11 — Flowchart for rearrangement of a temporal interleaving frame arrangement
(fp_arrangement_type equal to 5)

8.7 Parameter sets inclusion indication SEI message

§8.7.1 Parameter sets inclusion indication SEI message syntax

parameter_sets_inclusion jindication( payloadSize ) { Descriptor
psii_self_contained)clvs_flag u(fl)

§4.7.2 Parameter sets inclusion indication SEI message semantics

This message provides an indication of whether the CLVS contains all the required NAL ynits for
decoding the CLVS thatis associated with the SEI message and whether temporal sublayer up-s) itching
\

does not contam all the requlred NAL units, the NAL units that are not present in the CLVS may be
provided externally.

psii_self_contained_clvs_flag equal to 1 indicates that the following restrictions apply:

— Each parameter set that is (directly or indirectly) referenced by any VCL NAL unit of the CLVS that
is not a VCL NAL unit of a RASL picture (when present) associated with the first AU of the CLVS is
present within the CLVS at a position that precedes, in decoding order, any NAL unit that (directly
or indirectly) references the parameter set.
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— For any STSA picture stsaPicA with temporal sublayer identifier equal to tIdA in the CLVS, the
following applies:

— stsaPicA does not refer to a PPS or an APS that precedes the first NAL unit of the PU containing
stsaPicA in decoding order and has temporal sublayer identifier equal to tIdA.

— For any picture picB with temporal sublayer identifier equal to tIdA and following stsaPicA
in decoding order, picB does not refer to a PPS or an APS that has temporal sublayer identifier
equal to tIdA that precedes the first NAL unit of the PU containing stsaPicA in decoding order.

psii_self contained_clvs_flag equal to U Indicates that this property might or might not apply.
8.8 Decoded picture hash SEI message

8.8.1 Pecoded picture hash SEI message syntax

decoded_picture_hash( payloadSize ) { Descriptor
dph_sei_hash_type u(8)
dph_sei_single_component_flag u(1)
dph_fsei_reserved_zero_7bits u(7)

for( dldx = 0; cldx < ( dph_sei_single_component_flag ? 1 : 3 ); cldx++)
if(Jdph_sei_hash_type==0)
for(i=0;i<16;i++)

dph_sei_picture_md5[ cldx ][ i ] b(8)
elde if(dph_sei_hash_type==1)
dph_sei_picture_crc| cldx ] u(16)
elde if(dph_sei_hash_type==2)
dph_sei_picture_checksum| cldx ] u(32)

}

8.8.2 Pecoded picture hash SEI message semantics
This mepsage provides a hash for each colour component of the current decoded picture.

Use of this SEI message requices the definition of the following variables:

[72)

— Api¢turewidthandpictureheightinunitsoflumasamples,denotedhereinbyPicWidthInLumaSample
and|PicHeightInkumaSamples, respectively.

— A cHroma fofmat indicator, denoted herein by ChromaFormatldc, as described in subclause 7.3.

-

— A bjt depfh for the samples of the luma component, denoted herein by BitDepthy, and whe
ChrpmaFormatldc is not equal to 0, a bit depth for the samples of the two associated chrom|]
components, denoted herein by BitDepth.

[«9)

— For each colour component cldx, an array of samples ComponentSample[ cldx ][ x ][y ]-
The variables SubWidthC and SubHeightC are derived from ChromaFormatldc as specified by Table 2.

Prior to computing the hash, the decoded picture data are arranged into one or three strings of bytes
called pictureData[ cldx ] of lengths dataLen[ cldx ] as follows:
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for( cldx = 0; cldx < dph_sei_single_component_flag ? 1 : 3; cldx++ ) {
if(cldx == 0){
compWidth|[ cldx ] = PicWidthInLumaSamples
compHeight[ cldx | = PicHeightInLumaSamples
compDepth[ cldx | = BitDepthy,
}else{
compWidth|[ cldx ] = PicWidthInLumaSamples / SubWidthC
compHeight[ cldx ] = PicHeightInLumaSamples / SubHeightC
compDepth[ cldx ] = BitDepth,
) (29)
iLen=0
for(y = 0; y < compHeight[ cldx |; y++ ) /* raster scan order */
for( x = 0; x < compWidth[ cldx |; x++) {
pictureData] cldx ][ iLen++ ] = ComponentSample[ cldx |[ x ][ y ] & OXFE
if( compDepth[ cldx] > 8)
pictureData] cldx ][ iLen++ ] = ComponentSample[ cldx [[ x ][ y ]J>>' 8
}

dataLen[ cldx ] = iLen
}

<

'here ComponentSample[ cldx ] is a 2-dimension array of the decoded sample values of a component of
decoded picture.

jo5)

ph_sei_hash_type indicates the method used to calculate the checksum as specified in Table 9 . Values
f dph_sei_hash_type that are not listed in in Table 9 are.reserved for future use by ITU-T | ISOfIEC and
hall not be present in payload data conforming to this_edition of this document. Decoders shall ignore
ecoded picture hash SEI messages that contain reserved values of dph_sei_hash_type.

Q.0 O o

Table 9 — Interpretation of dph_sei_hash_type

dph_sei_hashtype Method
0 MD5 (IETF RFC 1321)
1 CRC
2 Checksum

ph_sei_single_component) flag equal to 1 specifies that the picture associated with the decoded
icture hash SEI message-contains a single colour component. dph_sei_single_component_flaglequal to
specifies that the picture associated with the decoded picture hash SEI message contains thrge colour
omponents. The value of dph_sei_single_component_flag shall be equal to ( ChromaFormatldd==0).

Q O o

dph_sei_reserved_zero_7bits shall be equal to 0. Values greater than 0 for dph_sei_r¢served_
Zero_7bits _are' reserved for future use by ITU-T | ISO/IEC and shall not be present in paylgad data
donforming/to this edition of this document. Decoders conforming to this edition of this documgnt shall
ignorethe value of dph_sei_reserved_zero_7bits.

dph)sei_picture_md5[ cldx ][ i]is the 16-byte MD5 hash of the cldx-th colour component of the decoded
picture. The value of dph_sei_picture_md5[ cldx ][ i ] shall be equal to the value of digestVal[ cldx ]
obtained as follows, using the MD5 functions defined in IETF RFC 1321:

MD5Init( context )
MD5Update( context, pictureData][ cldx ], dataLen[ cldx ] ) (30)
MD5Final( digestVal[ cldx ], context )

dph_sei_picture_crc[ cldx ] is the cyclic redundancy check (CRC) of the colour component cldx of the
decoded picture. The value of dph_sei_picture_crc[ cldx ] shall be equal to the value of crcVal[ cldx ]
obtained as follows:
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crc = OxFFFF

pict
pict
for(

d

crcMsb =(crc > 15) &1

b

ureData[ cldx ][ dataLen[cldx]]=0

ureData[ cldx ][ dataLen[cldx]+1]=0

bitldx = 0; bitldx < ( dataLen[ cldx] + 2 ) * 8; bitldx++ ) {
ataByte = pictureData] cldx ][ bitldx >> 3] 31)

itVal = ( dataByte >> (7 - (bitldx & 7))) &1

crc=(((crc << 1)+ bitVal ) & 0xFFFF ) * ( crcMsb * 0x1021 )

}

crcy

NOTE

dph_sei
picture.

obtainedl as follows:

sunj
for(
fq

}

che

A I P % [ |
all LIUAJ = CIC

The same CRC specification is found in Rec. ITU-T H.271.

| picture_checksum| cldx ] is the checksum of the colour component cldx of the‘decode
The value of dph_sei_picture_checksum[ cldx ] shall be equal to the value of checksumVal[ cldx

=0
y = 0; y < compHeight[ cldx |; y++)
r( x = 0; x < compWidth[ cldx [; x++ ) {
xorMask = (x & OxFF) " (y & OxFF) " (x >> 8) " (y >> 8)
sum = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ cldx | + x ] & 0xFF ) *
xorMask ) ) & OXxFFFFFFFF (32)
if( compDepth[ cldx] > 8)
sum = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ cldx ] +x] >> 8) "
xorMask ) ) & OxFFFFFFFF

cksumVal[ cldx | = sum

—_—

8.9 Mpstering display colour volume SEI message
8.9.1 Mastering display colour volume SEI message syntax
mastering_display_colour_volume( payloadSize ) { Descriptor
for(d=0;c<3;c++){
mdcv_display_primaries x| c | u(16)
mhcv_display_primaries_y[ c] u(16)
}
mdcy_white_poifnt-x u(16)
mdcy_white_point_y u(16)
mdcy_max_display_mastering_luminance u(32)
mdcy_min_display_mastering_luminance u(32)
}

8.9.2 Mastering display colour volume SEI message semantics

This SEI message identifies the colour volume (the colour primaries, white point, and luminance
range) of a display considered to be the mastering display for the associated video content e.g., the
colour volume of a display that was used for viewing while authoring the video content. The described
mastering display is a three-colour additive display system that has been configured to use the
indicated mastering colour volume.

This SEI message does not identify the measurement methodologies and procedures used for
determining the indicated values or provide any description of the mastering environment. It also does
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not provide information on colour transformations that would be appropriate to preserve creative
intent on displays with colour volumes different from that of the described mastering display.

The information conveyed in this SEI message is intended to be adequate for purposes corresponding
to the use of SMPTE ST 2086.

When a mastering display colour volume SEI message is present for any picture of a CLVS of a particular
layer, a mastering display colour volume SEI message shall be present for the first picture of the CLVS.
The mastering display colour volume SEI message persists for the current layer in decoding order from
the current picture until the end of the CLVS. All mastering display colour volume SEI messages that
apply to the same CLVS shall have the same content.

dcv_display_primaries_x[ c |, when in the range of 5 to 37 000, inclusive, specifies ghe'nogmalized
chromaticity coordinate of the colour primary component c of the mastering display, according to
e CIE 1931 definition of x as specified in ISO/CIE 11664-1 (see also ISO/CIE 1166443 and CIE 15), in
crements of 0.00002. When mdcv_display_primaries_x[ c ] is not in the range of\5:to 37 000, inclusive,
e normalized x chromaticity coordinate of the colour primary component ¢/ofithe mastering display
5 unknown or unspecified or specified by other means not specified in thissdocument.

— e =

dcv_display_primaries_y[ c |, when in the range of 5 to 42 000, inclusive, specifies the nofmalized

chromaticity coordinate of the colour primary component c of the _mastering display, according to
the CIE 1931 definition of y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in
ihcrements of 0.00002. When mdcv_display_primaries_y[ c ] is notin the range of 5 to 42 000, inclusive,
the normalized y chromaticity coordinate of the colour prinfary component c of the mastering display
i$ unknown or unspecified or specified by other means not'specified in this document.

Hor describing mastering displays that use red, green;yand blue colour primaries, it is suggeqted that
index value c equal to 0 should correspond to the-green primary, c equal to 1 should corregpond to
the blue primary, and c equal to 2 should correspond to the red colour primary specified in|the VUI
Jarameters.

dcv_white_point_x, when in the range' of 5 to 37 000, inclusive, specifies the normplized x
dhromaticity coordinate of the white point of the mastering display, according to the CIE 1931 dgfinition
df x as specified in ISO/CIE 11664-1 {see also ISO/CIE 11664-3 and CIE 15), in normalized ingrements
df 0.00002. When mdcv_white_peint_x is not in the range of 5 to 37 000, inclusive, the normalized x
dhromaticity coordinate of the. white point of the mastering display is indicated to be unkpown or

nspecified or specified by other means not specified in this document.

dcv_white_point_y, when in the range of 5 to 42 000, inclusive, specifies the normplized y
dhromaticity coordinate of the white point of the mastering display, according to the CIE 1931 dgfinition
df y as specified inJSO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized indrements
df 0.00002. Whetiimdcv_white_point_y is not in the range of 5 to 42 000, inclusive, the normjalized y
dhromaticity.coerdinate of the white point of the mastering display is indicated to be unkpown or

nspecified'or'specified by other means not specified in this document.

OTE 1.5, SMPTE ST 2086 specifies that the normalized x and y chromaticity coordinate values for the mastering

display‘colour primaries and white point are to be represented with four decimal places. This would cofrespond

ithhusing values of the syntax elements mdcv_display_primaries_x[ c¢ ], mdcv_display_primaries_y[ d ], mdcv_
E_pOINt_X, and MAdcv_Wiite_poInt_y, as defined Im thisdocument, that are multipies o

NOTE 2  An example of the use of values outside the range for which semantics are specified in this document
is that ANSI/CTA 861-G uses normalized (x, y) chromaticity coordinate values of (0,0) for the white point to
indicate that the white point chromaticity is unknown.

mdcv_max_display_mastering_luminance, when in the range of 50 000 to 100 000 000, specifies the
nominal maximum display luminance of the mastering display in units of 0.0001 candelas per square
metre. When mdcv_max_display_mastering_luminance is not in the range of 50 000 to 100 000 000,
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the nominal maximum display luminance of the mastering display is indicated to be unknown or
unspecified or specified by other means not specified in this document.

NOTE3 SMPTE ST 2086 specifies that the nominal maximum display luminance of the mastering display is to
be specified as a multiple of 1 candela per square metre. This would correspond with using values of the syntax
element mdcv_max_display_mastering_luminance, as defined in this document, that are a multiple of 10 000.

NOTE4  An example of the use of values outside the range for which semantics are specified in this document
is that ANSI/CTA 861-G uses the value 0 for the nominal maximum display luminance of the mastering display to
indicate that the nominal maximum display luminance of the mastering display is unknown.

—_—

mdcv_njin_display_mastering_luminance, when in the range of 1 to 50 000, specifies the noming
minimum display luminance of the mastering display in units of 0.0001 candelas per square metre.
When mdcv_min_display_mastering_luminance is not in the range of 1 to 50 000, the nominal maximum
display Juminance of the mastering display is unknown or unspecified or specified by other means nd
specifiedl in this document. When mdcv_max_display_mastering_luminance is equal to 50000, mdcy_
min_display_mastering_luminance shall not be equal to 50 000.

—

NOTES5 | SMPTE ST 2086 specifies that the nominal minimum display luminance of the(mastering display is ]
be speciffied as a multiple of 0.0001 candelas per square metre, which corresponds to.the.semantics specified i
this docyment.

S O

ot

NOTE 6 | An example of the use of values outside the range for which semantics.are specified in this docume
is that ANSI/CTA 861-G uses the value 0 for the nominal minimum display luntiftance of the mastering display t
indicate that the nominal minimum display luminance of the mastering display is unknown.

[©]

NOTE 7 | Another example of the potential use of values outside the range for which semantics are specified i

this docyment is that SMPTE ST 2086 indicates that values outside the specified range could be used to indicatlg
that the plack level and contrast of the mastering display have been adjusted using picture line-up generation
equipmept (PLUGE).

At the mlinimum luminance, the mastering display is,censidered to have the same nominal chromaticitly
as the white point.

8.10 Cgntent light level information SEkmessage

8.10.1 [Content light level information SEI message syntax

content| light_level_info( payloadSize ) { Descriptor
clli_max_content_light_level u(16)
cll|i_max_pic_average_light_level u(16)

}

8.10.2 [Lontentlight level information SEI message semantics

=)

This SEllmeSsage identifies upper bounds for the nominal target brightness light level of the pictures
the CLVS.

The information conveyed in this SEI message is intended to be adequate for purposes corresponding
to the use of CEA 861.3.

The semantics of the content light level information SEI message are defined in relation to the values of
samples in a 4:4:4 representation of red, green, and blue colour primary intensities in the linear light
domain for the pictures of the CLVS, in units of candelas per square metre. However, this SEI message
does not, by itself, identify a conversion process for converting the sample values of a decoded picture
to the samples in a 4:4:4 representation of red, green, and blue colour primary intensities in the linear
light domain for the picture.

NOTE 1 Other syntax elements, such as vui_colour_primaries, vui_transfer_characteristics, and vui_matrix_
coeffs, when present, could assist in the identification of such a conversion process.
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Given the red, green, and blue colour primary intensities in the linear light domain for the location
of a luma sample in a corresponding 4:4:4 representation, denoted as E, E;, and Eg, the maximum
component intensity is defined as Ey,, = Max( Eg, Max( Eg, Eg ) ). The light level corresponding to the
stimulus is then defined as the CIE 1931 luminance corresponding to equal amplitudes of Ey;,, for
all three colour primary intensities for red, green, and blue (with appropriate scaling to reflect the
nominal luminance level associated with peak white - e.g., ordinarily scaling to associate peak white
with 10 000 candelas per square metre when vui_transfer_characteristics is equal to 16).

NOTE2  Since the maximum value Ey,, is used in this definition at each sample location, rather than a direct
conversion from Ep, E-, and E; to the corresponding CIE 1931 luminance, the CIE 1931 luminance at a location
cpuld in some cases be less than the indicated light level. This situation would occur, for example, when Ep and E;
e very small and Eg is large, in which case the indicated light level would be much larger than the trué|CIE 1931
liminance associated with the ( Eg, E, Eg ) triplet.

1l content light level information SEI messages that apply to the same CLVS shall hayethe same|content.

li_max_content_light_level, when not equal to 0, indicates an upper boundyeh the maximpm light
level among all individual samples in a 4:4:4 representation of red, green, and blue colour primary
intensities (in the linear light domain) for the pictures of the CLVS, in, units of candelas per square
etre. When equal to 0, no such upper bound is indicated by clli_max_contént_light_level.

li_max_pic_average_light_level, when not equal to 0, indicates-an upper bound on the maximum
erage light level among the samples in a 4:4:4 representation of red, green, and blue colour primary
ihtensities (in the linear light domain) for any individual picture of the CLVS, in units of candelas per
square metre. When equal to 0, no such upper bound is indicated by clli_max_pic_average_light_level.

hen the visually relevant region does not correspond-to the entire cropped decoded pictyre, such
s for "letterbox" encoding of video content with a wide picture aspect ratio within a taller cropped
ecoded picture, the indicated average should be.pefformed only within the visually relevant rjegion.

.11 Dependent random access point.iidication SEI message

.11.1 Dependent random access point indication SEI message syntax

Jiependent_rap_indication( payloadSize ) { Descriptor

1
)

§.11.2 Dependent randem access point indication SEI message semantics

—

he picture assoctated with a dependent random access point (DRAP) indication SEI message is
referred to as alDRAP picture.

The presence-of the DRAP indication SEI message indicates that the constraints on picture order
nd picture’ referencing specified in this subclause apply. These constraints can enable a defoder to
roperlyrdecode the DRAP picture and the pictures that are in the same layer and follow it in both
ecoding order and output order without needing to decode any other pictures in the same laydr except
the-associated IRAP picture of the DRAP picture

The constraints indicated by the presence of the DRAP indication SEI message, which shall all apply, are
as follows:

— The DRAP picture is a trailing picture.
— The DRAP picture has a temporal sublayer identifier equal to 0.

— The DRAP picture does notinclude any pictures in the same layer in the active entries of its reference
picture lists except the associated IRAP picture of the DRAP picture.

— Any picture that is in the same layer and follows the DRAP picture in both decoding order and
output order does not include, in the active entries of its reference picture lists, any picture thatis in
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the same layer and precedes the DRAP picture in decoding order or output order, with the exception
of the associated IRAP picture of the DRAP picture.

8.12 Alternative transfer characteristics information SEI message

8.12.1 Alternative transfer characteristics information SEI message syntax

alternative_transfer_characteristics ( payloadSize ) { Descriptor
pref TY Cd_tl ansfer _Lhal acteristics u(?))
8.12.2 Alternative transfer characteristics SEI message semantics

The alte
transfer]
VUI par
charactg
vui_trarn
that oth

by decodlers that do not support interpretation of the preferred value (efg.,'because the preferred value

had not

When a
particul
SEI mes
persists
All alter]
content.

preferr
characte
for prefi
syntax €
to the v|
the valu
indicate

8.13 Ambient viewing-environment SEI message

rnative transfer characteristics SEI message provides a preferred alternative value for thee
| characteristics syntax element that is indicated by the colour description’ syntax of the
hmeters. This SEI message is intended to be used in cases when some vyalué of vui_transfer_
ristics is preferred for interpretation of the pictures of the CLVS althodghsome other value af
sfer_characteristics could also be acceptable for interpretation of thepictures of the CLVS anfd
er value is provided in the colour description syntax of the VUI parameters for interpretatiop

yet been defined in a previous edition of this document).

h alternative transfer characteristics SEI message is presént for any picture of a CLVS of g
hr layer and the first picture of the CLVSisan IRAP pictute, an alternative transfer characteristids
bage shall be present for that IRAP picture. The alternative transfer characteristics SEI message
for the current layer in decoding order from théZcurrent picture until the end of the CLV$.
native transfer characteristics SEI messages that apply to the same CLVS shall have the samje

bd_transfer_characteristics specifiesqa preferred alternative value for the vui_transfef
ristics syntax element of the colour. description syntax of the VUI parameters. The semantig
brred_transfer_characteristics are.@therwise the same as for the vui_transfer_characteristia
lement specified in the VUI parameters. When preferred_transfer_characteristics is not equg
hlue of vui_transfer_characteristics indicated in the VUI parameters, decoders should ignor
e of vui_transfer_characteristics indicated in the VUI parameters and instead use the value
d by preferred_transfer/characteristics.

D —un n

8.13.1 Ambient viewing environment SEI message syntax

ambientf_viewing-environment( payloadSize ) { Descriptor
ambjient.illuminance u(32)
ambient_light_x u(16)
ambient_light_y u(16)

}

8.13.2 Ambient viewing environment SEI message semantics

The ambient viewing environment SEI message identifies the characteristics of the nominal ambient

viewing
ambient

environment for the display of the associated video content. The syntax elements of the
viewing environment SEI message can assist the receiving system in adapting the received

video content for local display in viewing environments that could be similar or could substantially
differ from those assumed or intended when mastering the video content.
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This SEI message does not provide information on colour transformations that would be appropriate to
preserve creative intent on displays with colour volumes different from that of the described mastering
display.

When an ambient viewing environment SEI message is present for any picture of a CLVS of a particular
layer and the first picture of the CLVS is an IRAP picture, an ambient viewing environment SEI message
shall be present for that IRAP picture. The ambient viewing environment SEI message persists for the
current layer in decoding order from the current picture until the end of the CLVS. All ambient viewing
environment SEI messages that apply to the same CLVS shall have the same content.

ambient_illuminance specifies the environmental illuminance of the ambient viewing enviromment in
nits of 0.0001 lux. ambient_illuminance shall not be equal to 0.

o

mbient_light_x and ambient_light_y specify the normalized x and y chromatitity coordinates,
espectively, of the environmental ambient light in the nominal viewing environment, according to the
IE 1931 definition of x and y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in
ormalized increments of 0.00002. The values of ambient_light_x and ambientylight_y shall e in the
ange of 0 to 50 000.

oo e T Wilen T )

=z

OTE For example, the conditions identified in Rec. ITU-R BT.2035 could be expressed using pmbient_
luminance equal to 100 000 with background chromaticity indicating Dig)(ambient_light_x equal t¢ 15 635,
ambient_light_y equal to 16 450), or optionally in some regions, background chromaticity indicating Dy
(fkmbient_light_x equal to 14 155, ambient_light_y equal to 14 855).

—

8.14 Content colour volume SEI message

§.14.1 Content colour volume SEI message syntax

ontent_colour_volume( payloadSize ) { Descriptor
ccv_cancel_flag u(l)
if( !ccv_cancel_flag ) {
ccv_persistence_flag u(l)
ccv_primaries_present_flag u(l)
ccv_min_luminance_value_present_flag u(l)
ccv_max_luminance_value_present_flag u(l)
ccv_avg_luminance’/value_present_flag u(l)
ccv_reserveddzero_2bits u(2)
if( ccv_primapies_present_flag )
for(¢=0;c<3; c++){
cCv_primaries_x[ c ] i(32)
ccv_primaries_y[ c ] i(32)
}
tf{ ccv_min_tuminmance_vatue_present_flag)
ccv_min_luminance_value u(32)
if( ccv_max_luminance_value_present_flag)
ccv_max_luminance_value u(32)
if( ccv_avg_luminance_value_present_flag)
ccv_avg_luminance_value u(32)
}
}
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8.14.2 Content colour volume SEI message semantics

The content colour volume SEI message describes the colour volume characteristics of the associated

pictures

. These colour volume characteristics are expressed in terms of a nominal range, although

deviations from this range may occur.

The variable transferCharacteristics is specified as follows:

— Ifanalternative transfer characteristics SEI message is present for the CLVS, transferCharacteristics
is set equal to preferred_transfer_characteristics;

— Oth
trar

The con
the follo

— Any
valy

— The
— The
The foll

— IftHe value of transferCharacteristics is equal to 1, 6, 7, 14, 0¥ 15, the Rec. ITU-R BT.1886 referende

elec
whd
valy
exp

— Oth
eled
sign
equ

brwise, (an alternative transfer characteristics SEI message is not present for the CLVS),
sferCharacteristics is set equal to vui_transfer_characteristics.

=)

Lent colour volume SEI message shall not be present, and decoders shall ignore it, when any d
wing conditions is true:

of the values of transferCharacteristics, vui_colour_primaries, and vui_niatrix_coeffs has p
e defined as unknown or unspecified.

value of vui_transfer_characteristics is equal to 2, 4, or 5.
value of vui_colour_primaries is equal to 2.

wing applies when converting the signal from a non-linear tora linear representation:

tro-optical transfer function should be used to conyert'the signal to its linear representatio
re the value of screen luminance for white is set equal to 100 candelas per square metre, t
e of screen luminance for black is set equal to 0.candelas per square metre, and the value of thie
bnent of the power function is set equal to 2.4.

erwise, if the value of transferCharacteristics is equal to 18, the hybrid log-gamma referend
tro-optical transfer function specifiedin Rec. ITU-R BT.2100 should be used to convert th
al to its linear representation, wherelthe value of nominal peak luminance of the display is sg
hl to 1000 candelas per square mette, the value of the display luminance for black is set equal t

O = @ @

Oc

— Othgrwise (the value of transfexCharacteristics is not equal to 1, 6, 7, 14, 15, or 18) when the conter
colgur volume SEI message is present, the exact inverse of the transfer function specified in specifie
in the VUI parameters should be used to convert the non-linear signal to a linear representation.

ccv_cangel_flag equal t0~t indicates that the SEI message cancels the persistence of any previouls

content
equal to

ccv_per
current

delas per square metre, and the-value of system gamma is set equal to 1.2.

= =

colour volumé. SEI message in output order that applies to the current layer. ccv_cancel_flag
0 indicates.that content colour volume information follows.

Kistenee.flag specifies the persistence of the content colour volume SEI message for thie
ayer.

CCV_pers

isténce ‘F]ng nqnn] ta 0 cpnrifinc that the content colour volume npp]inc tothe current decode

picture only.

ccv_persistence_flag equal to 1 specifies that the content colour volume SEI message applies to the

current

decoded picture and persists for all subsequent pictures of the current layer in output order

until one or more of the following conditions are true:

— A new CLVS of the current layer begins.

— The

bitstream ends.

— A picture in the current layer in an AU associated with a content colour volume SEI message is
output that follows the current picture in output order.
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ccv_primaries_present_flag equal to 1 specifies that the syntax elements ccv_primaries_x[ c ] and ccv_
primaries_y[ c | are present. ccv_primaries_present_flag equal to 0 specifies that the syntax elements
ccv_primaries_x[ ¢ ] and ccv_primaries_y|[ c ] are not present.

ccv_min_luminance_value_present_flag equal to 1 specifies that the syntax element ccv_min_
luminance_value is present. ccv_min_luminance_value_present_flag equal to 0 specifies that the syntax
element ccv_min_luminance_value is not present.

ccv_max_luminance_value_present_flag equal to 1 specifies that the syntax element ccv_max_
luminance_value is present. ccv_max_luminance_value_present_flag equal to 0 specifies that the syntax
glement ccv_max_luminance_value is not present.

dcv_avg_luminance_value_present_flag equal to 1 specifies that the syntax element fcv_avg_
lyminance_value is present. ccv_avg_luminance_value_present_flag equal to 0 specifiés that the syntax
glement ccv_avg_luminance_value is not present.

[ is a requirement of bitstream conformance that the values of ccv_primariesipresent_flag, ¢cv_min_
hminance_value_present_flag, ccv_.max_luminance_value_present_flag, and c¢v_avg_luminande_value_
resent_flag shall not all be equal to 0.

e — —

o

cv_reserved_zero_2bits[ i ] shall be equal to 0 in bitstreams cénforming to this edition of this
ocument. Other values for reserved_zero_2bits[ i | are reserved-for future use by ITU-T | [SO/IEC.
ecoders shall ignore the value of reserved_zero_2bits[ i ].

= Q.

cv_primaries_x[ c] and ccv_primaries_y| c | specify the noxmalized x and y chromaticity coofdinates,
espectively, of the colour primary component c of the nominal content colour volume, accordipg to the
IE 1931 definition of x and y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and|CIE 15),
h normalized increments of 0.00002. For describing colour volumes that use red, green, gnd blue
olour primaries, it is suggested that index value ecequal to 0 should correspond to the green primary, c
qual to 1 should correspond to the blue primary,"and c equal to 2 should correspond to the reld colour
rimary specified in the VUI parameters.

he values of ccv_primaries_x[ ¢ | and (Ccv_primaries_y[ ¢ ] shall be in the range of -5 000 000 to
000 000, inclusive.

o = = 0 0O = 6

Vhen ccv_primaries_x[ ¢ | and cévprimaries_y[ c ] are not present, they are inferred to be equal to the
ormalized x and y chromaticity-coordinates, respectively, specified by vui_colour_primaries.

=0 <

cv_min_luminance_value-specifies the normalized minimum luminance value, according to (IE 1931,
hat is expected to be présent in the content, where values are normalized to L, or L. as specifigd in the
Ul parameters according to the indicated transfer characteristics of the signal. The values of ¢dcv_min_
hminance_value @rein normalized increments of 0.0000001.

_c O

cv_max_luminance_value specifies the maximum luminance value, according to CIE 1931, that is
xpected to'\be present in the content, where values are normalized to L, or L. as specified inf the VUI
arameters according to the transfer characteristics of the signal. The values of ccv_max_lunminance_
alue are in normalized increments of 0.0000001.

<D 0O 6

v-avg_luminance_value specifies the average luminance value, according tao CIE 1931] that is
expected to be present in the content, where values are normalized to L, or L. as specified in the VUI
parameters according to the transfer characteristics of the signal. The values of ccv_avg_luminance_
value are in normalized increments of 0.0000001.

NOTE The resulting domain from this conversion process might or might not represent light in a source or
display domain - it is merely a gamut representation domain rather than necessarily being a representation of
actual light in either the scene or display domain. Therefore, the values corresponding to ccv_min_luminance_
value, ccv_max_luminance_value, and ccv_avg_luminance_value might not necessarily correspond to a true
luminance value.

The value of ccv_min_luminance_value, when present, shall be less than or equal to ccv_avg_luminance_
value, when present. The value of ccv_avg_luminance_value, when present, shall be less than or equal to
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ccv_max_luminance_value, when present. The value of ccv_min_luminance_value, when present, shall
be less than or equal to ccv_max_luminance_value, when present.

When the visually relevant region does not correspond to the entire cropped decoded picture, such
as for "letterbox" encoding of video content with a wide picture aspect ratio within a taller cropped
decoded picture, the indicated ccv_min_luminance_value, ccv_max_luminance_value, and ccv_avg_
luminance_value should correspond only to values within the visually relevant region.

8.15 Omnidirectional video specific SEIl messages

8.15.1 Sample location remapping process

8.15.1.1 General
Use of this process requires the definition of the following variable:
— A cHroma format indicator, denoted herein by ChromaFormatldc, as described-in subclause 7.3.

To remap colour sample locations of a region-wise packed picture to a unit sphereythe following orderefd
steps arg applied:

1. A rg¢gion-wise packed picture is obtained as the cropped decoded\picture by decoding a coded
picture. For purposes of interpretation of chroma samples, the/input to the indicated remappinjg
progess is the set of decoded sample values after applying an funspecified) upsampling conversion
progess to the 4:4:4 colour sampling format as necessary when ChromaFormatldc is equal to [l
(4:2}0 chroma format) or 2 (4:2:2 chroma format). This (unspecified) upsampling process should
accqunt for the relative positioning relationship between the luma and chroma samples as indicatefd

by yui_chroma_sample_loc_type_frame, vui_chromalsample_loc_type_top_field, and vui_chroma_

sample_loc_type_bottom_field syntax elements inithe VUI parameters, when present.

2. IfRWPisindicated, the sample locations of theregion-wise packed picture are converted to samp
locations of the respective projected pictiire as specified in subclause 8.15.1.4. Otherwise, t
projected picture is identical to the region-wise packed picture.

3. If ftame packing is indicated, the ‘sample locations of the projected picture are converted tp
sample locations of the respective’ constituent picture of the projected picture, as specified ip
subglause 8.15.1.5. Otherwisg;the constituent picture of the projected picture is identical to thee
projected picture.

[¢)

4. The|sample locations ©f,;d constituent picture of the projected picture are converted to spher
coordinates relative®othe local coordinate axes, as specified in subclause 8.15.1.2.

5. If rqtation is indicated, the sphere coordinates relative to the local coordinate axes are converted
to sphere cooxdinates relative to the global coordinate axes, as specified in subclause 8.15.1.3.
Otherwises-the global coordinate axes are identical to the local coordinate axes.

The overall process for mapping of luma sample locations within a region-wise packed picture to spherje

COOI'dil’l ht A ralativuntatho aglahal conrdinatn avncic maraatiunly cnneifindg @
teSTFerativetotie-grovar€ooratiateaXxe s hormativery-speeieat

For each region-wise packed picture corresponding to a decoded picture, the following applies:

— When an equirectangular projection SEI message with erp_cancel_flag equal to 0 that applies to the
picture is present, ErpFlag is set equal to 1, and CmpFlag is set equal to 0.

— When a generalized cubemap projection SEI message with gcmp_cancel_flag equal to 0 that applies
to the picture is present, CmpFlag is set equal to 1, and ErpFlag is set equal to 0.

— If a sphere rotation SEI message with sphere_rotation_cancel_flag equal to 0 that applies to the
picture is present, RotationFlag is set equal to 1, and RotationYaw, RotationPitch, and RotationRoll
are set equal to yaw_rotation + 216, pitch_rotation + 216, and roll_rotation + 216, respectively.
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Otherwise, RotationFlag is set equal to 0.

[faframe packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 thatapplies
to the picture is not present, StereoFlag, TopBottomFlag, and SideBySideFlag are all set equal to 0,
HorDiv1 is set equal to 1, and VerDiv1 is set equal to 1.

Otherwise, the following applies:

— StereoFlag is set equal to 1.

]

[an)

.15.1.2 Projection for one sample location

hputs to this process are:

utputs of this process are:

he projection for a sample location is derived as follows:

1Ll 1 £.E ' £l £ 1o L2 CI1 :

IT UIICT VvdIiutT Ul llJ_Cll I ausc1ucu|._t_y PC Ul LIIC 11 dIlIT l.}cl\.[\llls al'l a115C111C11L [o) M Y 111Cbbasc 1S5 equal tO
3, TopBottomFlag is set equal to 0, SideBySideFlag is set equal to 1, HorDiv1 is set eglial{to 2 and
VerDiv1 is set equal to 1.

— Otherwise, if the value of fp_arrangement_type of the frame packing arrangement SEI message
is equal to 4, TopBottomFlag is set equal to 1, SideBySideFlag is set equalte 0, HorDiy1 is set
equal to 1, and VerDiv1 is set equal to 2.

— Otherwise, TopBottomFlag is set equal to 0, SideBySideFlag is set equal to 0, HorDiy1 is set
equal to 1, and VerDiv1 is set equal to 1.

If a RWP SEI message with rwp_cancel_flag equal to 0 that applies to the picture is not|present,
RegionWisePackingFlag is set equal to 0, and ConstituentPicWidth and ConstituentPlicHeight
are set to be equal to cropPicWidth / HorDivl and cropPicHeight / VerDiv1, respectively, where
cropPicWidth and cropPicHeight are the width and height, respectively, of the cropped decoded
picture.

Otherwise, RegionWisePackingFlag is set ‘equal to 1, and ConstituentPicWidth and
ConstituentPicHeight are set equal to rwp_proj_picture_width / HorDivl and rwp_proj_[picture_
height / VerDiv1, respectively.

pictureWidth and pictureHeight, which are the width and height, respectively, of a mohoscopic
projected luma picture, in relative projected picture sample units (see subclause 8.15.5.2),Jand

the centre point of a sample location (hPos, vPos) along the horizontal and vertical axes, respectively,
in relative projected‘picture sample units, where hPos and vPos could have non-integer redl values.

sphere coerdinates (¢, 0) for the sample location in degrees relative to the local coordinatq axes.

If ErpFlag is equal to 1, the following applies:

— IfRegionWisePackingFlagis equal to U and erp_guard_band_flagis equal to 1, the following applies:

hPos’ = hPos - erp_left_guard_band_width (33)
pictureWidth = pictureWidth - erp_left_guard_band_width - erp_right_guard_band_width

— Otherwise, the following applies:
hPos’ = hPos (34)
— The following applies:

¢ =180 - hPos’ * (360 + pictureWidth )

0 =90 - vPos * ( 180 + pictureHeight ) (35)
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— Otherwise (CmpFlag is equal to 1), the outputs are derived by the following ordered steps:

1. Subclause 8.15.1.7 is invoked with pictureWidth and pictureHeight as inputs, and the output is

assigned to faceWidth and faceHeight.

2. Subclause 8.15.1.8 is invoked with hPos, vPos, faceWidth, and faceHeight, where hPos and vPos are

within a projected picture, and the output is assigned to hPosFace and vPosFace within a projected

face

3. Subclause 8.15.1.9 is invoked with hPosFace, vPosFace, faceWidth, and faceHeight, and the output is

assi|

4. Ifg
face
and

5. The

hPo
vPo

hPo
vPo

hPo
vPo

pned to hFoskot and vFosKot.

fmp_packing_type is equal to 4 or 5, subclause 8.15.1.10 is invoked with hPosRot, vRosRot,
Width, and faceHeight, and the output is assigned to hPosAdj and vPosAdj. Otherwise, hPosAdj
vPosAdj are identical to hPosRot and vPosRot, respectively.

following applies:

5' = — (2 * hPosAdj + faceWidth ) + 1 3d)
5" = — (2 * vPosAdj + faceHeight ) + 1

If gcmp_mapping_function_type is equal to 0, the following applies:

5" = hPos’ i
;" = vPos' (3P
Otherwise, if gcmp_mapping_function_type is equal to\}, the following applies:

5" = Tan( hPos' * 1t + 4) 34)
5" = Tan( vPos' *m + 4)

Otherwise (gcmp_mapping_function_typeisequal to 2), the following applies:

coeffU[ n | = (gcmp_function_coeff uf '] + 1) + 128

coeffV[ n] = (gcmp_function_coeffy[n]+ 1) + 128

hPos" = hPos’ + (1 + coeffU[ n ] ("1 - gcmp_function_u_affected_by_v_flag[ n] * vPos'2 ) *
(1-hPos2))

vPos" = vPos' + (1 + coeff¥fn'] * (1 - gcmp_function_v_affected_by_u_flag[ n] * hPos'2) *
(1-vPos'2))

(39

-

The following applies:

60

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=57969a52b592ac35d0c68a2fae643ff9

]

(an)

|

ISO/IEC 23002-7:2022(E)

if( gcmp_face_index[n] == 0) { /* positive x front face */
x=1.0
y = hPos"
z = vPos"”

} else if( gcmp_face_index[ n] == 1) { /* negative x back face */
x=-1.0
y = -vPos"
z = -hPos"

} else if( gcmp_face_index[n] == 2 ) { /* positive z top face */

X = —-hPos™

y = -vPos"
z=1.0
} else if( gcmp_face_index[ n] == 3) { /* negative z bottom face */
x = hPos"
y = -vPos"’
z=-1.0

} else if( gcmp_face_index[ n] == 5) { /* positive y left face */
x = -hPos”
y=1.0
z = vPos"

}else{/* (gcmp_face_index[ n] == 4), negative y right.face */
x = hPos"
y=-10
z = vPos"

}
¢ =Atan2(y,x)*180 + T
0 = Asin(z + Sqrt(x2 +y2z2))*180 + t

.15.1.3 Conversion from the local coordinate axes to the global coordinate axes
hputs to this process are:
— rotation_yaw (o), rotation_piteh{B,), rotation_roll (y4), all in units of degrees, and
— sphere coordinates (¢4, 84) relative to the local coordinate axes.
utputs of this process are:

— sphere coordinatés)(@’, 0) relative to the global coordinate axes.

he outputs are devived as follows:

© ISO/IEC 2022 - All rights reserved
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b=¢yg*m+180

9=9d*‘r[—180

a=oay*m+180

B=PBy*m=+180

y=yq*m+180

x;=Cos(¢$ ) *Cos(0)

y1=Sin(¢ ) * Cos(6)

z;=Sin(0)

X, =Cos(B)*Cos(a)*x;-Cos(PB)*Sin(a)*y; +Sin(B) *z; (41)
(Cos(y)*Cos(a)~-Sin(y)*Sin(B)*Sin(a)) *y; -
Sin(y) * Cos( B) * 2,

z, =|(Sin(y) *Sin(a)-Cos(y) *Sin(B) *Cos(a) ) *x; +
(Sin(y)* Cos(a)+Cos(y)*Sin(B)*Sin(a))*y; +
Cos(y) * Cos(B) * 2,

¢’ s{Atan2(y,, x,)*180 +

0’ =|Asin(z,) *180 +

8.15.1.4 Conversion of sample locations for rectangular region-wise packing

Inputs t

— sample location (x, y) within the packed region, where x and y~dre in relative region-wise packe

pict
pict

— the
pict

— the

region-wise packed picture sample units,

— trap

— offs
inh

NOTE

sample i packed picture sample-units.

Outputs

— the
pict

The outputs axe.derived as follows:

b this process are:

joFgen

re sample units, while the sample location is at an integer’sample location within the packe
ure,

jom

vidth and the height (projRegWidth, projRegHeight)of the projected region, in relative projecte
lire sample units,

width and the height (packedRegWidth, packedRegHeight) of the packed region, in relative

sform type (transformType), and

bt values for the sampling position (offsetX, offsetY) in the range of 0, inclusive, to 1, exclusivg,
brizontal and vertical relativerégion-wise packed picture sample units, respectively.

<)

offsetX and offsetY botl'bging equal to 0.5 indicates a sampling position that is at the centre point of

of this process are:

jom

centre pointofthe sample location (hPos, vPos) within the projected region in relative projecte
ure sample\units, where hPos and vPos could have non-integer real values.
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if(transformType == 0 || transformType == 1 || transformType == 2 || transform-
Type == 3){
horRatio = projRegWidth + packedRegWidth
verRatio = projRegHeight + packedRegHeight
} else if (transformType == 4 || transformType == 5 || transformType == 6 ||
transformType == 7)) {
horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth

}
lf( tl auofu1 lllTy IJC - = C ) {
hPos = horRatio * ( x + offsetX)
vPos = verRatio * (y + offsetY )
} else if ( transformType == 1) {
hPos = horRatio * ( packedRegWidth - x - offsetX )
vPos = verRatio * (y + offsetY )
} else if ( transformType == 2) {
hPos = horRatio * ( packedRegWidth - x - offsetX) 42)
vPos = verRatio * ( packedRegHeight - y — offsetY )
} else if ( transformType == 3){
hPos = horRatio * ( x + offsetX)
vPos = verRatio * ( packedRegHeight — y - offsetY )
} else if ( transformType == 4) {
hPos = horRatio * (y + offsetY )
vPos = verRatio * ( x + offsetX)
} else if ( transformType == 5) {
hPos = horRatio * (y + offsetY )
vPos = verRatio * ( packedRegWidth - x - offsetX)
} else if ( transformType ==6) {
hPos = horRatio * ( packedRegHeight - y <toffsetY )
vPos = verRatio * ( packedRegWidth — %~ offsetX)
} else if ( transformType == 7 ) {
hPos = horRatio * ( packedRegHeight - y - offsetY )
vPos = verRatio * ( x + offsetX.)
}
§.15.1.5 Mapping of luma sample locations within a cropped decoded picture to sphere
doordinates relative to the global coordinate axes
This subclause specifies the semantics of luma sample locations within a cropped decoded picture to
sphere coordinates’relative to the global coordinate axes.
dffsetX is setequal to 0.5 and offsetY is set equal to 0.5.
If RegionWisePackingFlag is equal to 1, the following applies for each packed region n in the rgnge of 0
tp NamPackedRegions - 1, inclusive:
— For each sample tocation (XxPackedPicture, yPacked Picture) belonging to the n-th packed region, the

following applies:

— The corresponding sample location (xProjPicture, yProjPicture) of the projected picture is

derived as follows:
— xis setequal to xPackedPicture — PackedRegionLeft[ n ].

— yissetequal to yPackedPicture - PackedRegionTop[ n |.

— Subclause 8.15.1.4 is invoked with x, y, PackedRegionWidth|[ n ], PackedRegionHeight[ n ],
ProjRegionWidth[ n ], ProjRegionHeight[ n ], TransformType[ n ], offsetX and offsetY as

inputs, and the output is assigned to sample location (hPos, vPos).

© ISO/IEC 2022 - All rights reserved
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— xProjPicture is set equal to ProjRegionLeft[ n ] + hPos.

— WhenStereoFlagisequalto0orTopBottomFlagisequalto1,and whenxProjPictureisgreater
than or equal to rwp_proj_picture_width, xProjPicture is set equal to xProjPicture — rwp_
proj_picture_width.

— When SideBySideFlag is equal to 1, the following applies:

— When ProjRegionLeft[ n ] is less than rwp_proj_picture_width / 2 and xProjPicture
is greater than or equal to rwp_proj_picture_width / 2, xProjPicture is set equal to

XPTOJPICture — rwp_proj_picture_width / 2.

[om

— When ProjRegionLeft[ n ] is greater than or equal to rwp_proj_picture_width /£ 2'an
xProjPicture is greater than or equal to rwp_proj_picture_width, xProjPicture’is sq
equal to xProjPicture — rwp_proj_picture_width / 2.

=

— yProjPicture is set equal to ProjRegionTop|[ n | + vPos.

Subclause 8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPicWidth, and

Otherwi
sample |
picture:

— xPr
— yPr
— Sub

ConstituentPicHeight as inputs, and the outputs indicating the sphef€ coordinates and the
constituent picture index (for frame-packed stereoscopic video) forthe luma sample location
(xPackedPicture, yPackedPicture) belonging to the n-th packed region in the decoded picture

-

se if RegionWisePackingFlag is equal 0 and CmpFlag is equal,to(, the following applies for eac
ocation (X, y) that is not a cubemap projection guard band.sample within the cropped decode

oW

bjPicture is set equal to x + offsetX.
pjPicture is set equal to y + offsetY.

Clause 8.15.1.6 is invoked with xProjRicture, yProjPicture, ConstituentPicWidth, and

Con
con
the

Otherwi

each sample location (x, y) that is ot an equirectangular projection guard band sample within the

cropped
sample
inclusiv
andyis

— xPr
— yPr

— IfE
equ

stituentPicHeight as inputs, and the outputs indicating the sphere coordinates and the
stituent picture index (for frame-packed stereoscopic video) for the sample location (x, y) withip
cropped decoded picture.

se (RegionWisePackingFlag is equal to 0, and CmpFlag is equal to 0), the following applies fdr

decoded picture, where @' sample location (x, y) is an equirectangular projection guard banfd
vhen and only when ErpFlagis equal to 1, x is in the range of 0 to erp_left_guard_band_width -1,
e, or ConstituentPicWidth - erp_right_guard_band_width to ConstituentPicWidth - 1, inclusivg,
in the range of 0 te ConstituentPicHeight — 1, inclusive:

bjPicture is sef'equal to x + offsetX.
bjPictureds set equal to y + offsetY.
'pFlagris equal to 0, projPicWidth is set equal to ConstituentPicWidth. Otherwise (ErpFlag i
hlto 1), projPicWidth is set equal to ConstituentPicWidth - ( erp_left_guard_band_width + erg_

dela )

wn

rig

4 2 N pa | 3
L_s udiu_uvdallu_Vvviulll ).

— Subclause8.15.1.6isinvokedwithxProjPicture,yProjPicture, projPicWidth,and ConstituentPicHeight

as inputs, and the outputs indicating the sphere coordinates and the constituent picture index (for
frame-packed stereoscopic video) for the sample location (x, y) within the region-wise packed
picture.
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8.15.1.6 Conversion from a sample location in a projected picture to sphere coordinates relative
to the global coordinate axes

Inputs to this process are:

— the centre point of a sample location (xProjPicture, yProjPicture) within a projected picture, where
xProjPicture and yProjPicture are in relative projected picture sample units and could have non-
integer real values, and

— pictureWidth and pictureHeight, which are the width and height, respectively, of a monoscopic
projected luma picture, in relative projected picture sample units.

(an)

utputs of this process are:

1+ sphere coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the global
coordinate axes, and

—  when StereoFlag is equal to 1, the index of the constituent picture (constituentPicture) equal to 0 or
1.

The outputs are derived with the following ordered steps:
1. constituentPicture, xProjPicture, and yProjPicture are conditionally set as follows:

— IfxProjPicture is greater than or equal to pictureWidth or yProjPicture is greater than|or equal
to pictureHeight, the following applies:

— constituentPicture is set equal to 1.

— When xProjPicture is greater than~6r equal to pictureWidth, xProjPicture i set to
xProjPicture - pictureWidth.

— When yProjPicture is greater“than or equal to pictureHeight, yProjPicture is set to
yProjPicture - pictureHeight:

— Otherwise, constituentPicture is set equal to 0.

4. Subclause 8.15.1.2 is invoked with pictureWidth, pictureHeight, xProjPicture, and yProjPicture as
inputs, and the output issassigned to azimuthLocal, elevationLocal.

3. azimuthGlobal and elevationGlobal are set as follows:

— If RotationFlag is equal to 1, subclause 8.15.1.3 is invoked with azimuthLocal, elevatipnLocal,
RotationYaw, RotationPitch, and RotationRoll as inputs, and the output is assigned to
azimuthGlobal and elevationGlobal.

— QOtherwise, azimuthGlobal is set equal to azimuthLocal and elevationGlobal is set pqual to
elevationLocal.

§.15.1.7 Calculation of the cubemap face size for a projected picture

Inputs to this process are:

— pictureWidth and pictureHeight, which are the width and height, respectively, of a monoscopic
projected luma picture, in relative projected picture sample units.

Outputs of this process are:

— faceWidth and faceHeight, which are the width and height, respectively, of a projected face, in
relative projected picture sample units.

The outputs are derived as follows:
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gcmpPicWidth = pictureWidth
gcmpPicHeight = pictureHeight
gcmpGuardBandSamples = gcmp_guard_band_flag ? gcmp_guard_band_samples_
minusl +1:0
if( gcmp_guard_band_flag && gcmp_guard_band_boundary_exterior_flag ) {
gcmpPicWidth = pictureWidth - 2 * gcmpGuardBandSamples
gcmpPicHeight = pictureHeight - 2 * gcmpGuardBandSamples

if( gcmp_packing_type == 0){
lf( gep_guar d_baud_ﬂas )

ocmpPicHeight —= 2 * gcmpGuardBandSamples
fageWidth = gcmpPicWidth
fageHeight = gcmpPicHeight / 6

} elsqif( gcmp_packing_type == 1){
if(Jgcmp_guard_band_flag)

ocmpPicWidth —= 2 * gcmpGuardBandSamples
fageWidth = gcmpPicWidth / 2
fageHeight = gcmpPicHeight / 3

} elsqif( gcmp_packing_type == 2){
if(Jgcmp_guard_band_flag) (43)

ocmpPicHeight —= 2 * gcmpGuardBandSamples
fageWidth = gcmpPicWidth / 3
fageHeight = gcmpPicHeight / 2

} elsqgif( gcmp_packing_type == 3){
if(Jgcmp_guard_band_flag)

ocmpPicWidth -= 2 * gcmpGuardBandSamples
fageWidth = gcmpPicWidth / 6
fageHeight = gcmpPicHeight

} elsq if( gcmp_packing_type == 4){
if(Jgcmp_guard_band_flag)

ocmpPicWidth -= 2 * gcmpGuardBandSamples
fageWidth = gcmpPicWidth / 3
fageHeight = gcmpPicHeight

} elsq if( gcmp_packing_type == 5){
if(Jgcmp_guard_band_flag)

ocmpPicHeight —= 2 * gcmpGuardBandSamples

fageWidth = gcmpPicWidth

fageHeight = gcmpPicHeight / 3

}

The valyes of faceWidth-and faceHeight are constrained as follows:
— If gdmp_packing_type is equal to 4, the following constraints apply:

— [When”ChromaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma format),
faceWidth shall be a multiple of 4 in units of luma samples.

— When ChromaFormatldc is equal to 1 (4:2:0 chroma format), faceHeight shall be a multiple of 2
in units of luma samples.

— Otherwise, if gcmp_packing_type is equal to 5, the following constraints apply:

— When ChromaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma format),
faceWidth shall be a multiple of 2 in units of luma samples.
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— When ChromaFormatldc is equal to 1 (4:2:0 chroma format), faceHeight shall be a multiple of 4

in units of luma samples.
— Otherwise, the following constraints apply:

— When ChromaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma
faceWidth shall be a multiple of 2 in units of luma samples.

format),

— When ChromaFormatldc is equal to 1 (4:2:0 chroma format), faceHeight shall be a multiple of 2

in units of luma samples.

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

—+ If gcmp_packing_type is equal to 0, gcmpPicHeight shall be a multiple of 6, and gcmpPicWi
be equal to gcmpPicHeight / 6.

+ Otherwise, if gcmp_packing_type is equal to 1, gcmpPicWidth shall be a” multiple 9

-+ Otherwise, if gcmp_packing_type is equal to 2, gcmpPicWidth shall be a multiple 9

1+ Otherwise, if gcmp_packing type is equal to 3, gcmpPicWidth shall be a multiple o
gcmpPicWidth / 6 shall be equal to gcmpPicHeight.

1+ Otherwise, if gcmp_packing_type is equal to 4, gcthpPicWidth shall be a multiple o
gecmpPicWidth / 3 shall be equal to gcmpPicHeight,

—+ Otherwise, if gcmp_packing_type is equal to.5; gcmpPicHeight shall be a multiple o
gcmpPicWidth shall be equal to gcmpPicHeight/ 3.

0

.15.1.8 Conversion from a sample location in a projected picture to a sample location in
rojected cubemap face

—_

hputs to this process are:

—+ sample location (hPos, vPos) within the projected picture in relative projected picture samy
where hPos and vPos could have non-integer real values, and

+ faceWidth and faceHeight, which are the width and height, respectively, of the projected
relative projected picture sample units.

(an)

utputs of this process are:

— the sample-location (hPosFace, vPosFace) within the projected face in relative projected
sample\units, where hPosFace and vPosFace could have non-integer real values.

|

he outputs are derived as follows:

© ISO/IEC 2022 - All rights reserved

ith shall

f 2 and
gcmpPicHeight shall be a multiple of 3, and gcmpPicWidth / 2 shall be equalto gcmpPicHeight / 3.

f 3 and
gcmpPicHeight shall be a multiple of 2, and gcmpPicWidth / 3 shallbe’equal to gcmpPicHeight / 2.
F 6, and

F 6, and

[ 6, and

a

le units,

face, in

picture
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gbSize = gcmpGuardBandSamples
tmpHorPos = hPos

tmpVerPos = vPos

if( gcmp_guard_band_flag) {

if(

gcmp_guard_band_boundary_exterior_flag ) {

tmpHorPos = hPos - gbSize

tmpVerPos = vPos — gbSize

if( gcmp_packing_type == 0)

2k £ 1 X la Qs
U

el
el
el
el
gbSi
el

gbSi

}

W =
h -
hPo
vPo

8.15.1.9

Inputs t

— samfple location (hPosFace, vPosFace) within the n-th projected face in relative projected pictun
sample units, where hPosFace and vPosFace could have non-integer real values, and

111p‘v’c1 PUD - tlllP‘V’Cl PUD J La\.C1ICisht ’.’ tllllJ‘V’Cl PUD . tllllJ‘V’Cl PUD 2 5 SILC
be if( gemp_packing_type == 1)
tmpHorPos = tmpHorPos < faceWidth ? tmpHorPos : tmpHorPos - 2 * gbSize
Se if( gcmp_packing_type == 2)
tmpVerPos = tmpVerPos < faceHeight ? tmpVerPos : tmpVerPos - 2 * gbSize
Se if( gcmp_packing_type == 3) (44)
tmpHorPos = tmpHorPos < 3 * faceWidth ? tmpHorPos : tmpHorPos - 2 * ghSize
be if( gcmp_packing_type == 4)
tmpHorPos = tmpHorPos < faceWidth / 2 ? tmpHorPos : tmpHorPos < 2.5 *faceWidth +
ze ?
tmpHorPos - gbSize : tmpHorPos - 2 * gbSize
se if( gcmp_packing_type == 5)
tmpVerPos = tmpVerPos < faceHeight / 2 7 tmpVerPos : tmpVerPas < 2.5 * faceHeight +
ze ?
tmpVerPos - gbSize : tmpVerPos - 2 * gbSize

Floor( tmpHorPos + faceWidth )
Floor( tmpVerPos + faceHeight )
tFace = tmpHorPos - w * faceWidth
sFace = tmpVerPos - h * faceHeight

Rotation of sample locations for a projected cubemap face

b this process are:

fac
rela

Outputs

the
pict

The out]

68

[}

idth and faceHeight;y which are the width and height, respectively, of the projected face, ip
ive projected picture sample units.

of this process are:

o

rotated sample location (hPosRot, vPosRot) within the projected face in relative projecte
ure sample units, where hPosRot and vPosRot could have non-integer real values.

butstare derived as follows:
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if( gcmp_face_rotation[n] == 0){
hPosRot = hPosFace
vPosRot = vPosFace

} else if( gcmp_face_rotation[n] == 1){
hPosRot = vPosFace
vPosRot = faceWidth — hPosFace

} else if( gcmp_face_rotation[n] == 2) {
hPosRot = faceWidth - hPosFace
vPosRot = faceHeight - vPosFace

h 1 +E£L £ ot L 1 2\ [

I CIoT llL s\,llll.}_lal.c_l ULClLlUlll I J == J J 'l
hPosRot = faceHeight - vPosFace
vPosRot = hPosFace

}

§.15.1.10 Adjustment of a sample location for hemisphere cubemap projection

]

hputs to this process are:

- sample location (hPosRot, vPosRot) within the n-th projected face in relative projected
sample units, where hPosRot and vPosRot could have non-integer:-real values, and

— faceWidth and faceHeight, which are the width and height;respectively, of the projected
relative projected picture sample units.

fan)

utputs of this process are:

picture sample units, where hPosAdj and vPgsAdj could have non-integer real values.

—]

he outputs are derived as follows:

leftFaceldx ={5,3,1,0,0, 1}
rightFaceldx={4,2,0,1, 1, 0}
topFaceldx = {2, 4, 4, 4, 2, 2}
bottomFaceldx = {3, 5, 5, 5, 3)3}
hPosAdj = hPosRot
vPosAdj = vPosRot
if(n 1= 2)
if( face_index[2)\= = leftFaceldx][ face_index[ n]] && hPosAdj >= faceWidth / 2)
hPosAdj <=)faceWidth / 2
else if( face~index[2 | = = rightFaceldx[ face_index| n]] && hPosAdj < faceWidth / 2)
hPosAdj += faceWidth / 2
else if(-face_index[2 | = = topFaceldx| face_index[ n]] && vPosAdj >= faceHeight / 2)
vPosAdj -= faceHeight / 2
else if( face_index[2 | = = bottomFaceldx| face_index|[ n] ] && vPosAdj < faceHeight / 2
vPosAdj += faceHeight / 2

8.15.2 Equirectangular projection SEI message

8.15.2.1 Equirectangular projection SEI message syntax

(45)

picture

face, in

N/

-~ the adjusted sample location (hPosAdj, vPosAdj), within the n-th projected face in relative pjrojected

(46)

equirectangular_projection( payloadSize ) { Descriptor

erp_cancel_flag u(1)

if(lerp_cancel_flag) {

erp_persistence_flag u(1)

erp_guard_band_flag u(1)

© ISO/IEC 2022 - All rights reserved
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erp_reserved_zero_2bits u(2)
if( erp_guard_band_flag==1){
erp_guard_band_type u(3)
erp_left_guard_band_width u(8)
erp_right_guard_band_width u(8)

}

8.15.2.2 Equirectangular projection SEI message semantics

The equlirectangular projection SEI message provides information to enable remapping’ (through a
equirecfangular projection) of the colour samples of the projected pictures onto a sphere coordina]
space in[sphere coordinates (¢, 0) for use in omnidirectional video applications formwhich the viewin|

perspec
are defi
increasi

Use of this SEI message requires the definition of the following variable:
— A cHroma format indicator, denoted herein by ChromaFormatldéyas described in subclause 7.3.

When an equirectangular projection SEl message is present for any picture of a CLVS, an equirectangula

projecti
differen

When the SAR for a picture is indicated by vui_aspect.ratio_idc or sari_aspect_ratio_idc greater than 1,

there sh

A frame

as an efflectively applicable frame packing arrangement SEI message:

— The
— The
— The
— The
— The
— The
— The
— The

0q ® =

[ive is from the origin looking outward toward the inside of the sphere. The sphere coordinate
hed so that ¢ is the azimuth (longitude, increasing eastward) and 0 is‘he elevation (latitud¢
hg northward).

Nl

—

bn SEI message shall be present for the first picture of the CLVS and no SEI message indicating
[ type of projection shall be present for any picture-of'the CLVS.

[s9)

puld be no equirectangular projection SEI messages applicable for the picture.

packing arrangement SEI message forwhich all the following conditions are true is referred tp

value of fp_arrangement_cancel.flag is equal to 0.
value of fp_arrangement_type is equal to 3, 4, or 5.
value of fp_quincunx_sampling_flag is equal to 0.
value of fp_spatial_flipping_flag is equal to 0.
value of fp_field/views_flag is equal to 0.

value ofdp,frame0_grid_position_x is equal to 0.

valueof fp_frame0_grid_position_y is equal to 0.

— The
When a

value of fp framel grid pncifinn X 1is pr}nn] ta 0

value of fp_framel_grid_position_y is equal to 0.

frame packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 that

applies to the picture is present that is not an effectively applicable frame packing arrangement SEI
message, an equirectangular projection SEI message with erp_cancel_flag equal to 0 that applies to the

picture
frame p

shall not be present. Decoders shall ignore equirectangular projection SEI messages when a
acking arrangement SEI message with fp_arrangement_cancel_flag equal to 0 that applies to

the picture is present that is not an effectively applicable frame packing arrangement SEI message.
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erp_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous
equirectangular projection SEI message in output order. erp_cancel_flag equal to 0 indicates that
equirectangular projection information follows.

erp_persistence_flag specifies the persistence of the equirectangular projection SEI message for the
current layer.

erp_persistence_flag equal to 0 specifies that the equirectangular projection SEI message applies to the
current decoded picture only.

erp_persistence_ilag equal to L Speciiies that the equirectangular projection SEI message applies to the
durrent decoded picture and persists for all subsequent pictures of the current layer in output order
until one or more of the following conditions are true:

-+ A new CLVS of the current layer begins.
+ The bitstream ends.

-+ A picture in the current layer in an AU associated with an equirectangtular projection SEI message
is output that follows the current picture in output order.

rp_guard_band_flag equal to 1 indicates that the constituent picture contains guard band greas for
Phich the sizes are specified by the syntax elements erp_left_guard_band_width and erp_right_guard_
and_width. erp_guard_band_flag equal to 0 indicates that thel¢onstituent picture does not fontains
uard band areas for which the sizes are specified by the synitax elements erp_left_guard_band_width
nd erp_right_guard_band_width.

Qoo o< @

(o)

rp_reserved_zero_2bits shall be equal to 0 in bitstfeams conforming to this edition of this ddcument.
(ther values for erp_reserved_zero_2bits are reserved for future use by ITU-T | ISO/IEC. Decodgrs shall
pnore the value of erp_reserved_zero_2bits.

—e

(o)

rp_guard_band_type indicates the type ofthe guard bands as follows:

—+ erp_guard_band_type equal to O indicates that the content of the guard band in relation to the
content of the constituent pictute is unknown or unspecified or specified by other m¢ans not
specified in this document.

-+ erp_guard_band_typeequal to 1indicatesthatthe contentofthe guard band suffices forinterjpolation
of sample values at sub-pel sample fractional locations within the constituent picture.

NOTE erp_guard_band_type equal to 1 could be used when the source boundary samples of a copstituent
picture have been copied horizontally to the guard band.

- erp_guard<barnd_type equal to 2 indicates that the content of the guard band represents actual
picture_Centent at a quality that gradually changes from the picture quality of the corstituent
picture\to that of the spherically adjacent region.

4 erp=guard_band_type equal to 3 indicates that the content of the guard bands represents actual
picture content at a similar level of quality as the constituent picture.

— erp_guard_band_type values greater than 3 are reserved for future use by ITU-T | ISO/IEC. Decoders
shall treat the value of erp_guard_band_type when the value is greater than 3 as equivalent to the
value 0.

erp_left_guard_band_width specifies the width of the guard band on the left side of the constituent
picture in units of luma samples. When erp_guard_band_flag is equal to 0, the value of erp_left_guard_
band_width is inferred to be equal to 0. When ChromaFormatldc is equal to 1 (4:2:0 chroma format) or
2 (4:2:2 chroma format), erp_left_guard_band_width shall be an even number.

erp_right_guard_band_width specifies the width of the guard band on the right side of the constituent
picture in units of luma samples. When erp_guard_band_flag is equal to 0, the value of erp_right_guard_
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band_width is inferred to be equal to 0. When ChromaFormatldc is equal to 1 (4:2:0 chroma format) or
2 (4:2:2 chroma format), erp_right_guard_band_width shall be an even number.

8.15.3 Generalized cubemap projection SEI message

8.15.3.1 Generalized cubemap projection SEI message syntax

generalized_cubemap_projection( payloadSize ) { Descriptor

gcmp-eaneel-fHag e

if( !g¢gmp_cancel_flag) {

gcmp_persistence_flag u(1)
gcmp_packing_type u(3)
gcmp_mapping_function_type u(2)
fo(i=0;i< ( gcmp_packing_type ==4| | gcmp_packing_type==5)7?5:6;
i++){
gcmp_face_index| i | u(3)
scmp_face_rotation| i | u(2)
if( gcmp_mapping_function_type==2) {
gcmp_function_coeff_u[ i | u(7)
gcmp_function_u_affected_by_v_flag[i|] u(1)
gemp_function_coeff v[i| u(7)
gemp_function_v_affected_by_u_flag[i|] u(1)
}
gcmp_guard_band_flag u(1)
if(Jgcmp_guard_band_flag ) {
scmp_guard_band_type u(3)
scmp_guard_band_boundary_exterior_flag u(1)
scmp_guard_band_samples, minus1 u(4)

}

8.15.3.2 Generalized cubemap projection SEI message semantics

The genpralized-cibemap projection SEI message provides information to enable remapping (through
a generalized(cubemap projection) of the colour samples of the projected pictures onto a spherje
coordingte-space in sphere coordinates (¢, 0) for use in omnidirectional video applications for which
the viewing perspective is from the origin looking outward toward the inside of the sphere. 1he sphere
coordinates are defined so that ¢ is the azimuth (longitude, increasing eastward) and 6 is the elevation
(latitude, increasing northward).

Use of this SEI message requires the definition of the following variable:
— A chroma format indicator, denoted herein by ChromaFormatldc, as described in subclause 7.3.

When a generalized cubemap projection SEI message is present for any picture of a CLVS, a generalized
cubemap projection SEI message shall be present for the first picture of the CLVS and no SEI message
indicating a different type of projection shall be present for any picture of the CLVS.
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When the SAR for a picture is indicated by vui_aspect_ratio_idc or sari_aspect_ratio_idc greater than 1,
there should be no generalized cubemap projection SEI messages applicable for the picture.

A frame packing arrangement SEI message for which all the following conditions are true is referred to
as an effectively applicable frame packing arrangement SEI message:

— The value of fp_arrangement_cancel_flag is equal to 0.

— The value of fp_arrangement_type is equal to 3, 4, or 5.

The-vattre-of fpquincunx—samptingflagiseqtattoo-
—+ The value of fp_spatial_flipping_flag is equal to 0.

-+ The value of fp_field_views_flag is equal to 0.

—+ The value of fp_frame0_grid_position_x is equal to 0.
-+ The value of fp_frame0_grid_position_y is equal to 0.
-+ The value of fp_framel_grid_position_x is equal to 0.
—+ The value of fp_framel_grid_position_y is equal to 0.

When a frame packing arrangement SEI message with fp_arfangement_cancel_flag equal tp 0 that
plies to the picture is present that is not an effectively applicable frame packing arrangerment SEI
essage, a generalized cubemap projection SEI message vith gcmp_cancel_flag equal to 0 thaf applies

tp the picture shall not be present. Decoders shall ignote\generalized cubemap projection SEI messages

hen a frame packing arrangement SEI message with fp_arrangement_cancel_flag equal tp 0 that
plies to the picture is present that is not an effeétively applicable frame packing arrangerent SEI
hessage.

=

Vhen all of the following conditions are” true, the functionality of the generalized dqubemap
rojection SEI message is exactly the same as the cubemap projection SEI message specified in in
ec. ITU-T H.265 | ISO/IEC 23008-2 and Rec. ITU-T H.264 | ISO/IEC 14496-10:

> wlso il

- The value of gcmp_packing_type is equal to 2;
—+ The value of gcmp_mapping_function_type is equal to 0;

-+ The values of gcmpiface_index[ i ] for i from 0 to 5, inclusive, are equal to 5, 0, 4, 3, [l and 2,
respectively;

1+ The value of gcmp_face_rotation[ i ] is equal to 0 for each value of i in the range of 0 to 5, influsive;

—+ The valueof gcmp_guard_band_flag is equal to 0.

eneralized cubemap projection SEI message in output order. gcmp_cancel_flag equal to 0 indicates
that-cubemap projection information follows.

%:mp_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous

gcmp_persistence_flag specifies the persistence of the generalized cubemap projection SEI message
for the current layer.

gcmp_persistence_flag equal to 0 specifies that the generalized cubemap projection SEI message applies
to the current decoded picture only.

gcmp_persistence_flag equal to 1 specifies that the generalized cubemap projection SEI message applies
to the current decoded picture and persists all subsequent pictures of the current layer in output order
until one or more of the following conditions are true:

— A new CLVS of the current layer begins.
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— The bitstream ends.

— A picture in the current layer in an AU associated with a cubemap projection SEI message is output
that follows the current picture in output order.

gcmp_packing_type specifies the packing type and the position index of the cubemap packing as
specified in Table 10. When the value of gcmp_packing_type is in the range of 0 to 3, inclusive, cubemap
packing with six faces is used. When gcmp_packing_type is 4 or 5, hemisphere cubemap packing with
one full face and four half faces is used. The value of gcmp_packing_type shall be in the range of 0 to 5,
inclusive. Other values for gcmp_packing_type are reserved for future use by ITU-T | ISO/IEC.

Table 10 — Specification of packing type and position index based on gcmp_packing_type
gcmp_packing_type | Packing type and position index
0
1
2
0
3
4
5
011
1 2448
4 |5
0112
2
31415
3 o|1|2|3]4]S5
4 of1] 2 |34
0
1
5 2
3
4
gcmp_mapping-function_type specifies the mapping function used to adjust the sample locationis

of the cliberhap projection. gcmp_mapping_function_type equal to 0 specifies that the same mappi
functiorn] ds'specified for the cubemap projection SEI message in Rec. ITU-T H.265 | ISO/IEC 23008-2 an
Rec. ITU-TH.Z64 TISO/IEC 14496-10 1s used. gcmp_mapping_function_type equal to I specilies that the
equi-angular mapping function is applied to adjust the sample locations of the projected face, as defined
in subclause 8.15.1.2. gcmp_mapping_function_type equal to 2 specifies that the coefficients of the
mapping function applied to adjust the sample locations of the i-th projected face are specified by the
syntax elements gcmp_function_coeff_u[ i ], gcmp_function_u_affected_by_v_flag[ i ], gcmp_function_
coeff v[ i ], and gcmp_function_v_affected_by_u_flag[ i ]. The value of gcmp_mapping_function_type
shall be in the range of 0 to 2, inclusive.

gcmp_face_index| i | specifies the face index for position index i in gcmp_packing_type and the
relationship between the global coordinates 3D (X, Y, Z) and the local coordinate 2D (u, v) as specified
in subclause 8.15.1.2.
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When gcmp_packing_type is equal to 4 or 5, it is a requirement of bitstream conformance that the
following constraints apply:

If gcmp_face_index[2 ] is equal to 0 or 1, the value of gcmp_face_index] i ] for i equal to 0,
shall be in the range of 2 to 5, inclusive.

1,3 or4

Otherwise, if gcmp_face_index[2 ] is equal to 2 or 3, the value of gcmp_face_index[ i ] foriequal to 0,

1,3 or4shallbe0, 1, 4, or 5.

Otherwise, the value of gcmp_face_index] i | for i equal to 0, 1, 3 or 4 shall be in the range of 0 to 3,

<

Q <

1nclusive.

gcemp_face_rotation| i | specifies the rotation to be applied to the face on position indexi\as s
ih Table 11.

Table 11 — Specification of counterclockwise rotation angle based on gcmp.face_rotat

gemp_face_rotation[i] Rotation angle ‘i/tllitsig)gree (anticlock~
0 0
1 90
2 180
3 270

Vhen gcmp_packing_type is equal to 4, it is a requirementof bitstream conformance that the f
donstraints apply:

If gcmp_face_index[2 ] is equal to 0 or 1, the valie of gcmp_face_rotation[ i ] foriequal to 0,
shall be 0 or 2.

Otherwise, if gcmp_face_index[2 ] is equal to 2 or 3, when gcmp_face_index][ i ] is equal
value of gcmp_face_rotation][ i ] shall’be 0 or 2, and when gcmp_face_index] i ] is equal to
the value of gcmp_face_rotation[1if.shall be 1 or 3.

Otherwise, when gcmp_face_{index][ i ] is equal to 0, the value of gcmp_face_rotation[ i | sha
2, and when gcmp_face_index][ i | is equal to 1, 2 or 3, the value of gcmp_face_rotation[i] s
or 3.

Vhen gcmp_packing_type‘is equal to 5, it is a requirement of bitstream conformance that the f
onstraints apply:

If gcmp_facenindex[2 ] is equal to 0 or 1, the value of gcmp_face_rotation[ i] foriequal to 0,
shall be X6r73.

Otherwise, if gcmp_face_index[2 ] is equal to 2 or 3, when gcmp_face_index][ i ] is equal
valile of gcmp_face_rotation[ i | shall be 1 or 3, and when gcmp_face_index] i | is equal to
the value of gcmp_face_rotation| i ] shall be 0 or 2.

pecified

jon[i]

bllowing

1,3 o0r4

to 1, the
), 4 or 5,

1be 0 or
hall be 1

bllowing

1,3 o0r4

to 1, the
D, 4 or 5,

Otherwise, when gcmp_face_index][ i ] is equal to 0, the value of gcmp_face_rotation[ i | sha

Ibe1lor

3, and when gcmp_face_index[ i ] is equal to 1, 2 or 3, the value of gcmp_face_rotation| i ] shall be 0

or 2.

gcmp_function_coeff_u[ i ] specifies the coefficient used in the cubemap mapping function of the u-axis
of the i-th face. When gcmp_function_coeff_u[ i ] is not present, it is inferred to be equal to 0.

gemp_function_u_affected_by_v_flag[ i | equal to 1 indicates that the cubemap mapping function of
the u-axis refers to the v position of the sample location. gcmp_function_u_affected_by_v_flag[ i ] equal
to 0 indicates that the cubemap mapping function in u-axis does not refer to the v position of the sample
location.
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gcemp_function_coeff v[i] specifies the coefficient used in the cubemap mapping function of the v-axis
of the i-th face. When gcmp_function_coeff_v[ i ] is not present, it is inferred to be equal to 0.

gcmp_function_v_affected_by_u_flag[ i ] equal to 1 indicates that the cubemap mapping function of
the v-axis refers to the u position of the sample location. gcmp_function_v_affected_by_u_flag[ i ] equal
to 0 indicates that the cubemap mapping function in v-axis does not refer to the u position of the sample

location

gcmp_guard_band_flag equal to 0 indicates that the coded picture does not contain guard band areas.
cmp_guard_band_flag equal to 1 indicates that the coded picture contains guard band areas for which

the sizes

gcmp_g

— gcnfp_guard_band_type equal to 0 indicates that the content of the guard bands in relation to thie

cont
this

— gcmp_guard_band_type equal to 1 indicates that the content of the guardjbands suffices fdr

inte

NOT
face

— gcnp_guard_band_type equal to 2 indicates that the content ofithe guard bands represents actug

pict
cha

— gcnfp_guard_band_type equal to 3 indicates that the content of the guard bands represents actug

pict
qua

— gcmp_guard_band_type values greater than™3 are reserved for future use by ITU-T | ISO/IE(.

Dec

are specified by the syntax element gcmp_guard_band_samples_minusl1.

nard_band_type indicates the type of the guard bands as follows:

ent of the coded face is unknown or unspecified or specified by other means not specified ip
document.

rpolation of sample values at sub-pel sample fractional locations within the coded face.

E gcmp_guard_band_type equal to 1 could be used when the sourde-boundary samples of a coded
have been copied horizontally or vertically to the guard band.

—_—

ire content that is spherically adjacent to the content in thé\coded face at quality that graduallly
nges from the picture quality of the coded face to that ef.the spherically adjacent region.

D —

ure content that is spherically adjacent to the*Content in the coded face at a similar pictun
ity as within the coded face.

pders shall treat the value of gcmp_guard_band_type when the value is greater than 3 as

equjvalent to the value 0.
gcmp_gpard_band_boundary_exterior-flag indicates which face boundaries contain guard bands, as
specifiefl in Table 12.
Table|12 — Specification of guard band boundary location based on gcmp_packing_type and
gcmp_guard_band_boundary_exterior_flag
gecmp_ppacking_type |gemp_guard_band_boundary_exterior_flag Location of guard band
0
1
2
0 0 s
3
4
5
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Table 12 (continued)

gcmp_packing_type |gcmp_guard_band_boundary_exterior_flag Location of guard band
T
0
1
2
0 1
2
4
5
0 1
1 0 2 3
4 5
0 1
1 1 2 3
4 5
0|11 2
2 0
314|5
;;;;;;;;;;;;;;;;;; 74
0|1 1] 2
2 1 T
314|5
3 0 012 31415
3 1 01| 2 31415
) 1 0f1| 2 (31 45
R R T T TR
0
1
5 0 2
4
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Table 12 (continued)

gcmp_packing_type |gcmp_guard_band_boundary_exterior_flag Location of guard band
o /6 o
1
5 1 2
3
04
Vrrrrrmzz:
gcmp_gpard_band_samples_minusl plus 1 specifies the number of guard band samples, in units
of luma [samples, used in the cubemap projected picture. When ChromaFormatldc is equal to 1/(4:2:p
chroma format) or 2 (4:2:2 chroma format), gcmp_guard_band_samples_minus1 plus 1 shallkcorresponfd
to an even number of luma samples within the cropped decoded picture.
8.15.4 PBphere rotation SEI message
8.15.4.1 Sphere rotation SEI message syntax
sphere_Jrotation( payloadSize ) { Descriptor
sphere_rotation_cancel_flag u(1)
if( !sphere_rotation_cancel_flag ) {
sphere_rotation_persistence_flag u(1)
sphere_rotation_reserved_zero_6bits u(6)
yalw_rotation i(32)
pitch_rotation i(32)
rojl_rotation i(32)
}
}
8.15.4.2 Sphere rotation SEI message semantics
The sphere rotation SEI message-provides information on rotation angles yaw (a), pitch (), and roll (y})
that arelused for conversion between the global coordinate axes and the local coordinate axes.
Relative|to an (¥, y, z) Carfésian coordinate system, yaw expresses a rotation around the z (vertical, up)
axis, pit¢h rotates around the y (lateral, side-to-side) axis, and roll rotates around the x (back-to-front)
axis. Rofations are'‘extrinsic, i.e., around x, y, and z fixed reference axes. The angles increase clockwise
when lopking fremythe origin towards the positive end of an axis.

sphere Jrotation_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of a
previoui sphere rotation SEI message in output order. sphere_rotation_cancel_flag equal to 0 indicates
that sphere rotation information follows.

sphere_rotation_persistence_flag specifies the persistence of the sphere rotation SEI message for the
current layer.

sphere_rotation_persistence_flag equal to 0 specifies that the sphere rotation SEI message applies to
the current decoded picture only.

sphere_rotation_persistence_flag equal to 1 specifies that the sphere rotation SEI message applies to
the current decoded picture and persists for all subsequent pictures of the current layer in output order
until one or more of the following conditions are true:

— A new CLVS of the current layer begins.
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— The bitstream ends.

— Apicture in the current layer in an AU associated with a sphere rotation SEI message is output that

follows the current picture in output order.

When no omnidirectional video projection is indicated to apply to a picture, e.g., by an equirectangular
projection SEI message with erp_cancel_flag equal to 0 or a generalized cubemap projection SEI message

with gcmp_cancel_flag equal to 0 being present in the CLVS that applies to the picture, a sphere

rotation

SEI message with sphere_rotation_cancel_flag equal to 0 shall not be present in the CLVS that applies to

the current picture. Decoders shall ignore sphere rotation SEI messages with sphere_rotation_cancel_
flag equal to O for pictures to which no omnidirectional video projection is indicated to apply:
sphere_rotation_reserved_zero_6bits shall be equal to 0 in bitstreams conforming te this efition of
this document. Other values for sphere_rotation_reserved_zero_6bits are reserved for.futurg use by
[[FU-T | ISO/IEC. Decoders shall ignore the value of sphere_rotation_reserved_zero_6bits.
yjaw_rotation specifies the value of the yaw rotation angle, in units of 2-16 degrees. The valudg of yaw_
rptation shall be in the range of -180 * 216 (i.e., 11 796 480) to 180 * 216 - 1 (i.e., 11 796 479), ipclusive.
When not present, the value of yaw_rotation is inferred to be equal to 0.
gitch_rotation specifies the value of the pitch rotation angle, in ufiits of 2716 degrees. The [value of
fitch_rotation shall be in the range of -90 * 216 (i.e., -5 898 240) 690 * 216 (i.e., 5 898 240), ipclusive.
When not present, the value of pitch_rotation is inferred to be eqtial to 0.
roll_rotation specifies the value of the roll rotation angle/ i1 units of 216 degrees. The valug of roll_
rptation shall be in the range of -180 * 216 (i.e,, -11 796 480)to 180 * 216 - 1 (i.e., 11 796 479), ipclusive.
When not present, the value of roll_rotation is inferred-to be equal to 0.
8.15.5 Region-wise packing SEI message
§.15.5.1 Region-wise packing SEI message syntax
rTegionwise_packing( payloadSize ) { Descriptor
rwp_cancel_flag u(1)
if( Irwp_cancel_flag) {
rwp_persistence_flag u(1)
rwp_constituent_picture_matching_flag u(1)
rwp_reserved:zero_5bits u(5)
rwp_num_packed_regions u(8)
rwp_proj_picture_width u(B2)
rwp-proj_picture_height u(B2)
rwp: packed_picture_width u([L6)
rwp_packed_picture_height u([L6)
for-( 3 N, 3 exazan saavans o alo o oo oo HTETA W
1TUl \_ I=VU,1 vV lJ_llulll_lJCl\,l\Cu_l CslUllD’ T j 1
rwp_reserved_zero_4bits[ i | u(4)
rwp_transform_type|[i] u(3)
rwp_guard_band_flag[i] u(1)
rwp_proj_region_width[i] u(32)
rwp_proj_region_height[i ] u(32)
rwp_proj_region_top|[ i | u(32)
rwp_proj_region_left[i] u(32)
rwp_packed_region_width|[i ] u(16)
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rwp_packed_region_height|[i ] u(16)
rwp_packed_region_top[i | u(16)
rwp_packed_region_left[ i | u(16)
if( rwp_guard_band_flag[i] ) {
rwp_left_guard_band_width[ i ] u(8)
rwp_right_guard_band_width[ i ] u(8)
rwp_top_guard_band_height[ i | u(8)
rwp_bottom_guard_band_height] i | u(8)
rwp_guard_band_not_used_for_pred_flag| i | u(1y
for(j=0;j<4;j++)
rwp_guard_band_type[i][j] u(3)
rwp_guard_band_reserved_zero_3bits[ i | u(3)

}

8.15.5.7 Region-wise packing SEI message semantics

The RWP SEI message provides information to enable remapping of the colour samples of the croppe
decoded pictures onto projected pictures as well as information on the location and size of the guar
bands, if any.

jeFgen

Use of this SEI message requires the definition of the fellowing variable:
— A chroma format indicator, denoted herein by-GhromaFormatldc, as described in subclause 7.3.

rwp_cancel_flag equal to 1 indicates that the/SEI message cancels the persistence of any previous RWP
SEI mes$age in output order. rwp_cancel _flag equal to 0 indicates that RWP information follows.

rwp_persistence_flag specifies the persistence of the RWP SEI message for the current layer.

rwp_pepsistence_flag equal to 0-specifies that the RWP SEI message applies to the current decoded
picture ¢nly.

rwp_petsistence_flag equal-to 1 specifies that the RWP SEI message applies to the current decoded
picture and persists forall'subsequent pictures of the current layer in output order until one or more d
the following conditiohs are true:

=)

— A ngw CLVS©fthe current layer begins.

— The|bitstream ends.

— Apicturein the current layer in an AU associated with a RWP SEITessage IS output that follows the
current picture in output order.

When no omnidirectional video projection is indicated to apply to a picture, e.g., by an equirectangular
projection SEI message with erp_cancel_flag equal to 0 or a generalized cubemap projection SEI
message with gcmp_cancel_flag equal to 0 being present in the CLVS that applies to the current picture,
a RWP SEI message with rwp_cancel_flag equal to 0 shall not be present in the CLVS that applies to the
picture. Decoders shall ignore RWP SEI messages with rwp_cancel_flag equal to O for pictures to which
no omnidirectional video projection is indicated to apply.

When an equirectangular projection SEI message with erp_cancel_flag equal to 0 and erp_guard_band_
flag equal to 1 is present in the CLVS that applies to the current picture, a RWP SEI message with rwp_
cancel_flag equal to 0 shall not be present in the CLVS that applies to the current picture.
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When a generalized cubemap projection SEI message with gmcp_cancel_flag equal to 0 is present in
the CLVS that applies to the current picture and precedes the RWP SEI message in decoding order, a
RWP SEI message with rwp_cancel_flag equal to 0 shall not be present in the CLVS that applies to the
current picture unless all the following conditions are true for the generalized cubemap projection SEI
message:

— The value of gcmp_packing_type is equal to 2;

— The values of gcmp_face_index[ i ] for i from 0 to 5, inclusive, are equal to 5, 0, 4, 3, 1 and 2,
respectively;

1+ The value of gcmp_face_rotation|[ i ] is equal to 0 for each value of i in the range of 0 to 5) influsive;
—+ The value of gcmp_guard_band_flag is equal to 0.

Hor the frame packing arrangement scheme indicated by a frame packing arrangement SEI message
that applies to the current picture, if a RWP SEI message with rwp_cancel_flag gqual to 0 is present that
dpplies to the current picture, the frame packing arrangement scheme appli€e’s|to the projected) picture,
dtherwise, the frame packing arrangement scheme applies to the cropped decoded picture.

If a frame packing arrangement SEI message with fp_arrangement_cancel_flag equal tp 0, fp_
drrangement_type equal to 3, 4, or 5, and fp_quincunx_sampling_flag equal to 0 is not|present
that applies to the current picture, the variables StereoFlag, ‘TopBottomFlag, SideBySideF|lag, and
TemplnterleavingFlag are all set equal to 0, the variables HopDiv1 and VerDiv1 are both set equal to 1.
(Jtherwise the following applies:

-+ StereoFlag is set equal to 1.

—+ When the fp_arrangement_type is equal to 3, SideBySideFlag is set equal to 1, TopBottomFlag and
TemplnterleavingFlag are both set equal to O;HorDiv1 is set equal to 2 and VerDiv1 is set equal to 1.

-+ When the fp_arrangement_type is equal'to 4, TopBottomFlag is set equal to 1, SideBySideFlag and
TemplnterleavingFlag are both set equal to 0, HorDiv1 is set equal to 1 and VerDiv1 is set equal to 2.

~+ When the fp_arrangement_type isiequal to 5, TemplnterleavingFlag is set equal to 1, TopBotitomFlag
and SideBySideFlag are bothiset'equal to 0, HorDiv1l and VerDiv1 are both set equal to 1.

wp_constituent_picture_matching_flag equal to 1 specifies that the projected region information,
acked region information, and guard band region information in this SEI message apply ind{vidually
b each constituent picture and that the packed picture and the projected picture have the same
tereoscopic frame packing format indicated by the frame packing arrangement SEI message. rwp_
onstituent_picture-matching_flag equal to 0 specifies that the projected region information} packed
egion information) and guard band region information in this SEI message apply to the pirojected
icture.

Vhen either of the following conditions is true, the value of rwp_constituent_picture_matcHing_flag
hall he'equal to O:

v s Tillen S o T 72 M o sl o L |

-C-StereoFlag is equal to 0.

— StereoFlagis equal to 1 and fp_arrangement_type is equal to 5.

rwp_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this edition of this document.
Other values for rwp_reserved_zero_56bits[ i | are reserved for future use by ITU-T | ISO/IEC. Decoders
shall ignore the value of rwp_reserved_zero_5bits[ i ].

rwp_num_packed_regions specifies the number of packed regions when rwp_constituent_picture_
matching_flag is equal to 0. The value of rwp_num_packed_regions shall be greater than 0. When rwp_
constituent_picture_matching_flag is equal to 1, the total number of packed regions is equal to rwp_
num_packed_regions * 2, and the information in each entry of the loop of rwp_num_packed_regions
entries applies to each constituent picture of the projected picture and the packed picture.
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rwp_proj_picture_width and rwp_proj_picture_height specify the width and height, respectively, of
the projected picture, in relative projected picture sample units.

NOTE1 Relative project picture sample unit is the unit used for the width or height of a projected picture or
projected region. When a projected picture is a region-wise packed picture (i.e., there is a one-to-one mapping
between the projected picture samples and the region-wise packed picture samples and a relative project picture
sample unit is equivalent to a relative region-wise packed picture sample unit), rwp_proj_picture_width and rwp_
proj_picture_height would have such values that rwp_proj_picture_width is an integer multiple of cropPicWidth
and rwp_proj_picture_height is an integer multiple of cropPicHeight, where cropPicWidth and cropPicHeight are
the width and height, respectively, of the cropped decoded picture, in units of luma samples.

The valyes of rwp_proj_picture_width and rwp_proj_picture_height shall both be greater than 0.

rwp_pafrked_picture_width and rwp_packed_picture_height specify the width and' fheight,
respectively, of the packed picture, in relative region-wise packed picture sample units.

The valyes of rwp_packed_picture_width and rwp_packed_picture_height shall both be(greater than 0.

[tis a requirement of bitstream conformance that rwp_packed_picture_width and pwp/packed_picturd
height shall have such values that rwp_packed_picture_width is an integer multiple of cropPicWidt
and rwp_packed_picture_height is an integer multiple of cropPicHeight, where cropPicWidth an
cropPicHeight are the width and height, respectively, of the cropped decoded picture, in units of lum
samples

sSSPy iy

rwp_reserved_zero_4bits[ i | shall be equal to 0 in bitstreams_€onforming to this edition of this
document. Other values for rwp_reserved_zero_4bits[ i ] are reserved for future use by ITU-T | ISO/IEC.
Decodeifs shall ignore the value of rwp_reserved_zero_4bits[ i }:

rwp_trgnsform_type]| i ] specifies the rotation and mirroring to be applied to the i-th packed region t|
remap t¢ the i-th projected region. When rwp_transform:type| i ] specifies both rotation and mirroring,
rotation|applies before mirroring. The values of rwp_tansform_type][ i ] are specified in Table 13.

[=}

Table 13 — rwp_transform_type[i] values

Value Description

0 no transform

1 mirroringthorizontally

2 rotatidn by 180 degrees (anticlockwise)

3 rotation by 180 degrees (anticlockwise) before mirroring horizon-
tally

4 rotation by 90 degrees (anticlockwise) before mirroring horizontal-
ly

5 rotation by 90 degrees (anticlockwise)

6 rotation by 270 degrees (anticlockwise) before mirroring horizon-
tally

7 rotation by 270 degrees (anticlockwise)

rwp_guard_band_flag[ i ] equal to 0 specifies that the i-th packed region does not have a guard band.
rwp_guard_band_flag[ i | equal to 1 specifies that the i-th packed region has a guard band.

rwp_proj_region_width[ i ], rwp_proj_region_height[ i ], rwp_proj_region_top[ i | and rwp_
proj_region_left[ i | specify the width, height, top sample row, and the left-most sample column,
respectively, of the i-th projected region, either within the projected picture (when rwp_constituent_
picture_matching_flag is equal to 0) or within the constituent picture of the projected picture (when
rwp_constituent_picture_matching_flag is equal to 1).
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rwp_proj_region_width[ i ], rwp_proj_region_height[ i ], rwp_proj_region_top[i], and rwp_proj_region_
left[ i ] are indicated in relative projected picture sample units.

NOTE 2  Two projected regions could partially or entirely overlap with each other.

rwp_packed_region_width| i |, rwp_packed_region_height| i ], rwp_packed_region_top| i |, and
rwp_packed_region_left[ i | specify the width, height, the top luma sample row, and the left-most luma
sample column, respectively, of the packed region, either within the region-wise packed picture (when
rwp_constituent_picture_matching_flag is equal to 0) or within each constituent picture of the region-
wise packed picture (when rwp_constituent_picture_matching_flag is equal to 1).

wp_packed_region_width[ i ], rwp_packed_region_height[ i ], rwp_packed_region_top|[ i}, apd rwp_
acked_region_left[ i ] are indicated in relative region-wise packed picture sample units,.\cwp Jpacked_
egion_width|[ i |, rwp_packed_region_height[ i ], rwp_packed_region_top][ i ], and rwp_packed| region_
eft[ i ] shall represent integer horizontal and vertical coordinates of luma sample’ units within the
ropped decoded pictures.

Q =30~

=z

OTE3  Two packed regions could partially or entirely overlap with each other.,

wp_left_guard_band_width][ i] specifies the width of the guard band on‘the left side of the i-th packed
egion in relative region-wise packed picture sample units. When ChromaFormatldc is equal tq 1 (4:2:0
hroma format) or 2 (4:2:2 chroma format), rwp_left_guard_band_width][ i | shall correspond tq an even
umber of luma samples within the cropped decoded picture.

=S 0 = =

wp_right_guard_band_width] i | specifies the width of the guard band on the right side of the i-th
acked region in relative region-wise packed picture saniple’units. When ChromaFormatldc is|equal to
(4:2:0 chroma format) or 2 (4:2:2 chroma format), rwporight_guard_band_width][ i ] shall correspond
b an even number of luma samples within the croppéddecoded picture.

(ol = Ve o L |

wp_top_guard_band_height] i | specifies the height of the guard band above the i-th packed fegion in
elative region-wise packed picture sample units. When ChromaFormatldc is equal to 1 (4:2:0 chroma
brmat), rwp_top_guard_band_height[ i ] shall correspond to an even number of luma samples within
he cropped decoded picture.

ot =h = -

wp_bottom_guard_band_height].%] specifies the height of the guard band below the i-th packed
egion in relative region-wise packed picture sample units. When ChromaFormatldc is equal tq 1 (4:2:0
hroma format), rwp_bottom, guard_band_height[ i | shall correspond to an even number|of luma
amples within the cropped-decoded picture.

w .o = =

When rwp_guard_band_flag[ i] is equal to 1, rwp_left_guard_band_width[ i |, rwp_right_guand_band_
width[i], rwp_top_guard_band_height[i], or rwp_bottom_guard_band_height[ i ] shall be gredter than
d.

]

he i-th packéd-region as specified by this SEI message shall not overlap with any other packed region
pecified by\the same SEI message or any guard band specified by the same SEI message.

(%)

o |

he guard bands associated with the i-th packed region, if any, as specified by this SEI message phall not
veflap with any packed region specified by the same SEI message or any other guard bands gpecified
v the same SEl message

o

rwp_guard_band_not_used_for_pred_flag[ i ] equal to 0 specifies that the guard bands might or
might not be used in the inter prediction process. rwp_guard_band_not_used_for_pred_flag[i] equal to
1 specifies that the sample values of the guard bands are not used in the inter prediction process.

NOTE4  Whenrwp_guard_band_not_used_for_pred_flag[i] is equal to 1, the sample values within guard bands
in cropped decoded pictures could be rewritten even if the cropped decoded pictures were used as references
for inter prediction of subsequent pictures to be decoded. For example, the content of a packed region could be
seamlessly expanded to its guard band with decoded and re-projected samples of another packed region.
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rwp_guard_band_type[ i ][ j ] indicates the type of the guard bands for the i-th packed region as
follows, with j equal to 0, 1, 2, or 3 indicating that the semantics apply to the left, right, top, or bottom
edge, respectively, of the packed region:

— rwp_guard_band_type[ i ][ j ] equal to 0 indicates that the content of the guard bands in relation
to the content of the packed regions is unknown or unspecified or specified by other means not
specified in this document. When rwp_guard_band_not_used_for_pred_flag[ i ] is equal to 0, rwp_
guard_band_type[i][j ] shall not be equal to 0.

— rwp_guard_band_type[i][j] equal to 1 indicates that the content of the guard bands suffices for

inte
less

NOTE 5
have bee

— rwp
acty
surf

rpolation of sample values at sub-pel sample fractional locations within the packed region an
than one sample outside of the boundary of the packed region.

rwp_guard_band_type[i][j] equal to 1 could be used when the boundary samples of a packed regio
h copied horizontally or vertically to the guard band.

_guard_band_type[ i ][ j ] equal to 2 indicates that the content of the guard bands represent
al picture content that is spherically adjacent to the content in the packed region and is on th
ace of the packed region at quality that gradually changes from the picture.guality of the packe

region to that of the spherically adjacent packed region.

— rwp
acty
surf

— rwp
Dec
equ

rwp_gu
of this d
use by I

Thevari
PackedHR
ProjReg

— For

_guard_band_type[ i ][ j] equal to 3 indicates that the content of‘the guard bands represent
al picture content that is spherically adjacent to the content in the packed region and is on th
ace of the packed region at a similar picture quality as within the packed region.

bders shall treat the value of rwp_guard_band_type][ iJj ] when the value is greater than 3 4
valent to the value 0.

ard_band_reserved_zero_3bits| i | shall be equial to 0 in bitstreams conforming to this editio
ocument. Other values for rwp_guard_band:reserved_zero_3bits[ i ] are reserved for futun
['U-T | ISO/IEC. Decoders shall ignore the valtue of rwp_guard_band_reserved_zero_3bits[ i ].

hbles NumPackedRegions, PackedRegionLeft[ n], PackedRegionTop[ n ], PackedRegionWidth[ n
egionHeight[ n ], ProjRegionleft] n ], ProjRegionTop[ n ], ProjRegionWidth] n
onHeight[ n ], and TransformType[n ] are derived as follows:

h in the range of 0 to rwp_nmum_packed_regions - 1, inclusive, the following applies:
PackedRegionLeft[ n ] is.set equal to rwp_packed_region_left[ n ].

PackedRegionTop[11)] is set equal to rwp_packed_region_top[ n ].

PackedRegioniWidth[ n ] is set equal to rwp_packed_region_width[ n ].

PackedRegionHeight[ n ] is set equal to rwp_packed_region_height[ n |.

ProjRegionLeft[ n ] is set equal to rwp_proj_region_left[ n ].

_guard_band_type[i][j] values greater than 3 are resetwved for future use by ITU-T | ISO/IE(.

d

090 »n =]

[72)

[CHR=]

B

PrejRegionTop[ n ] is set equal to rwp proj region top[n].

84

ProjRegionWidth[ n ] is set equal to rwp_proj_region_width[ n ].

ProjRegionHeight[ n ] is set equal to rwp_proj_region_height[ n ].

© ISO/IEC 2022 - All rights reserve

d


https://standardsiso.com/api/?name=57969a52b592ac35d0c68a2fae643ff9

ISO/IEC 23002-7:2022(E)

— TransformType[ n ] is set equal to rwp_transform_type[ n .

If rwp_constituent_picture_matching_flag is equal to 0, the following applies:

— NumPackedRegions is set equal to rwp_num_packed_regions.

Otherwise (rwp_constituent_picture_matching_flag is equal to 1), the following applies:

— NumPackedRegions is set equal to 2 * rwp_num_packed_regions.

— When TnpRm—fanhg is pqn:ﬂ to 1 the Fn]ln\/ving qpp]ipc-

Hor each-value of n in the range of 0 to NumPackedRegions - 1, inclusive, the v
HrojRegionWidth[ n ], ProjRegionHeight[ n ], ProjRegionTop|[ n ], and ProjRegionLeft[ n ] are con
as follows:

— When SideBySideFlag is equal to 1, the following applies:

— For nin the range of NumPackedRegions / 2 to NumPackedRegions - 1, inclusive, the f
applies:

projLeftOffset and packedLeftOffset are both set equal to 0.

projTopOffset is set equal to rwp_proj_picture_height / 2 and packedTopQffset is s
to rwp_packed_picture_height / 2.

projLeftOffset is set equal to rwp_proj_picture_width / 2 and packedLeftOffset is s
to rwp_packed_picture_width / 2.

projTopOffset and packedTopOffset are both set equal t0)0.

nldx is set equal to n - NumPackedRegionsy/ 2.

PackedRegionLeft[ n ] is set equal to rwp_packed_region_left[ nldx | + packedLeft
PackedRegionTop[ n ] is set equal to rwp_packed_region_top[ nldx ] + packedTopd
PackedRegionWidth[ n ] is set-equal to rwp_packed_region_width[ nldx ].
PackedRegionHeight[ n }is set equal to rwp_packed_region_height[ nldx ].
ProjRegionLeft[ n | is set equal to rwp_proj_region_left[ nldx ] + projLeftOffset.
ProjRegionTop[«a\]}is set equal to rwp_proj_region_top[ nldx | + projTopOffset.
ProjRegionWidth[ n ] is set equal to rwp_proj_region_width[ nldx ].
ProjRegionHeight[ n | is set equal to rwp_proj_region_height[ nldx ].

TransformType[ n ] is set equal to rwp_transform_type[ nldx ].

et equal

et equal

bllowing

Dffset.

ffset.

hlues of
strained

— ProjRegionHeight[ n ] shall be in the range of 1 to rwp_proj_picture_height, inclusive.

— ProjRegionLeft[ n ] shall be in the range of 0 to rwp_proj_picture_width - 1, inclusive.

— ProjRegionTop][ n ] shall be in the range of 0 to rwp_proj_picture_height - 1, inclusive.

— If ProjRegionTop[ n ] is less than rwp_proj_picture_height / VerDiv1, the sum of ProjRegionTop[ n |
and ProjRegionHeight[ n ] shall be less than or equal to rwp_proj_picture_height / VerDiv1.
Otherwise, the sum of ProjRegionTop[ n | and ProjRegionHeight[ n ] shall be less than or equal to
rwp_proj_picture_height / VerDiv1 * 2.
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For each value of n in the range of 0 to NumPackedRegions - 1, inclusive, the values of
PackedRegionWidth[ n ], PackedRegionHeight[ n ], PackedRegionTop[ n ], and PackedRegionLeft[ n ]
are constrained as follows:

8.15.6 Pmnidirectional viewport SEI message

8.15.6.1 Omnidirectional viewport SEI message syntax

PackedRegionWidth[ n ] shall be in the range of 1 to rwp_packed_picture_width, inclusive.
ProjRegionHeight[ n | shall be in the range of 1 to rwp_packed_picture_height, inclusive.

PackedRegionLeft[ n | shall be in the range of 0 to rwp_packed_picture_width - 1, inclusive.

If HackedRegionLeft[ n ] is less than rwp_packed_picture_width / HorDivl, the sopm/ qf
PackedRegionLeft[ n ] and PackedRegionWidth[ n ] shall be less than or equal to rwp.packed_
pictpre_width / HorDiv1. Otherwise, the sum of PackedRegionLeft[ n ] and PackedRegionWidth[ n|]
shall be less than or equal to rwp_packed_picture_width / HorDiv1 * 2.

If RackedRegionTop[ n ] is less than rwp_packed_picture_height / VerDivl, the sum qf
PackedRegionTop[ n | and PackedRegionHeight[ n ] shall be less than or equal to rwp_packed_
pictpre_height / VerDiv1. Otherwise, the sum of PackedRegionTop[ n | and PatkedRegionHeight|[ n|]
shalll be less than or equal to rwp_packed_picture_height / VerDiv1 * 2.

Whée¢n ChromaFormatlde is equal to 1 (4:2:0 chroma format) corn™2 (4:2:2 chroma format),
PackedRegionLeft[ n ] shall correspond to an even horizontal coordinate value of luma sample unit$,
and|PackedRegionWidth[ n ] shall correspond to an even number. of luma samples, both within thie
decpded picture.

When ChromaFormatldcis equal to 1 (4:2:0 chroma format), PackedRegionTop| n ] shall correspon
toafp evenvertical coordinate value of luma sample units;and ProjRegionHeight[ n ] shall correspon
to ah even number of luma samples, both within the‘decoded picture.

[oVpen

omni_viewport( payloadSize ) { Descriptor
omnj_viewport_id u(10)
omn]_viewport_cancel_flag u(1)
if( lomni_viewport_cancelflag) {
omni_viewport_persistence_flag u(1)
odmi_viewport_cnt_minusl u(4)
foy(i=0;is='omni_viewport_cnt_minusl; i++ ) {
omni_viewport_azimuth_centre|i ] i(32)
omhi'viewport_elevation_centre[ i | i(32)
mni-viewport_tilt_centreli] i32]
omni_viewport_hor_range|i ] u(32)
omni_viewport_ver_range|i | u(32)

}

8.15.6.2 Omnidirectional viewport SEI message semantics

The omnidirectional viewport SEl message specifies the coordinates of one or more regions of spherical-
coordinate geometry, bounded by four great circles, corresponding to viewports recommended for

86
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display when the user does not have control of the viewing orientation or has released control of the
viewing orientation.

When an effectively applicable frame packing arrangement SEI message, as specified in
subclause 8.15.2.2 or 8.15.3.2, that applies to the picture is present, the information indicated by the
omnidirectional viewport SEI message applies to both views.

omni_viewport_id contains an identifying number that may be used to identify the purpose of the one
or more recommended viewport regions.

g
Y

viewport_id equal to 1 indicates that the recommended viewports are selected based onaneasufrements
df viewing statistics.

Values of omni_viewport_id from 2 to 511, inclusive, may be used as determinédyby the application.
Values of omni_viewport_id from 512 to 1023 are reserved for future use by ITU-T | ISO/IEC. Decoders
gncountering a value of omni_viewport_id in the range of 512 to 1023, inclusive; shall ignore it.

amni_viewport_cancel_flag equal to 1 indicates that the SEI message.¢ancels the persistende of any
drevious omnidirectional viewport SEI message in output order. omiui_yiewport_cancel_flag equal to 0
hdicates that omnidirectional viewport information follows.

—e

dmni_viewport_persistence_flag specifies the persistence of the omnidirectional viewport SEI
message for the current layer.

dmni_viewport_persistence_flag equal to 0 specifies that the omnidirectional viewport SEI message
applies to the current decoded picture only.

dmni_viewport_persistence_flag equal to 1 specifies that the omnidirectional viewport SEI message
applies to the current decoded picture and petsists for all subsequent pictures of the current layer in
dutput order until one or more of the following conditions are true:

4+ Anew CLVS of the current layer hegiirs.
—+ The bitstream ends.

-+ Apicture in the current Jayet in an AU associated with an omnidirectional viewport SEI mé¢ssage is
output that follows the current picture in output order.

When no omnidirectignal video projection is indicated to apply to a picture, e.g., by an equirectangular
drojection SEI message with erp_cancel_flag equal to 0 or a generalized cubemap projecftion SEI
message with gcthp_cancel_flag equal to 0 being present in the CLVS that applies to the current picture,
an omnidirectional viewport SEI message with omni_viewport_cancel_flag equal to 0 shall not be
dresent in the: CLVS that applies to the picture. Decoders shall ignore omnidirectional viewport SEI
messages‘with omni_viewport_cancel_flag equal to 0 for pictures to which no omnidirectional video
drojectien is indicated to apply.

o

mni_viewport_cnt_minus1 plus 1 specifies the number of recommended viewport regions|that are
ndicated by the SEI message.

—

When omni_viewport_cnt_minusl is greater than 0 and there is no information provided by external
means not specified in this document on which recommended viewport is suggested to be displayed,
the following applies:

— When omni_viewport_id is equal to 0 or 1, the 0-th recommended viewport is suggested to be
displayed when the user does not have control of the viewing orientation or has released control of
the viewing orientation.

— When omni_viewport_id is equal to 0, between any two recommended viewports per director's
cut, the i-th recommended viewport has higher priority than the j-th recommended viewport for
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any values of i and j when i is less than j. The 0-th recommended viewport per director’s cut has the
highest priority.

— When omni_viewport_id is equal to 1, between any two recommended viewports, the i-th
recommended viewport has higher popularity, among some selection of candidate viewports, than
the j-th recommended viewport for any values of i and j when i is less than j. The 0-th most-viewed
recommended viewport has the highest popularity. The selection of the candidate viewports is
outside the scope of this document.

omni_viewport_azimuth_centre[ i ] and omni_viewport_elevation_centre| i | indicate the centre of
the i-th Fecommended viewport region, in units of 2716 degrees relative to the global coordinate axehE

The valye of omni_viewport_azimuth_centre[ i ] shall be in the range of -180 * 216 (i.e., -11 796 480)1
180 * 21p - 1 (i.e., 11 796 479), inclusive. The value of omni_viewport_elevation_centre[ i ] shall bejin t
range off 90 * 216 (i.e., -5 898 240) to 90 * 216 (i.e., 5 898 240), inclusive.

omni_viewport_tilt_centre[ i | indicates the tilt angle of the i-th recommended viewport region, i
units of|2-16 degrees. The value of omni_viewport_tilt_centre[ i ] shall be in the range of -180 * 21
(i.e., 111796 480) to 180 * 216 - 1 (i.e., 11 796 479), inclusive.

o =

omni_viewport_hor_range[ i ] indicates the azimuth range of the i-th recommnierided viewport region,
in units pf 2716 degrees. The value of omni_viewport_hor_range[ i ] shall be in.the range of 1 to 360 * 216
(i.e., 23 $92 960), inclusive.

omni_viewport_ver_range| i | indicates the elevation range of the i<th recommended viewport regiomn,
in units pf 2716 degrees. The value of omni_viewport_ver_range[ i ]J¢shall be in the range of 1 to 180 * 216
(i.e., 11 796 480), inclusive.

8.16 Frjame-field information SEI message

8.16.1 Frame-field information SEI message syntax

frame_ﬂield_info( payloadSize ) { Descriptor
ffi_fipld_pic_flag u(1)
if ( ffi| field_pic_flag) {
ffi| bottom_field_flag u(1)
ffi| pairing_indicated_flag u(1)
if(Jffi_pairing_indicated_flag )
ffi_paired_with_next_field_flag u(1)
}elsd{
ffi| display_fields_from_frame_flag u(1)
if(|ffi_display/ fields_from_frame_flag)
ffi_top-field_first_flag u(1)
ffi| display_elemental_periods_minus1 u(8)
}
ffi_source_scan_type u(2)
ffi_duplicate_flag u(1)

}

8.16.2 Frame-field information SEI message semantics

The frame-field information SEI message may be used to indicate how the associated picture should
be displayed (although this is merely a suggestion rather than a prescription, as the display process is
outside the scope of this document), the source scan type of the associated picture, and whether the
associated picture is a duplicate of a previous picture, in output order, of the same layer.
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Use of this SEI message requires the definition of the following variables:

— A fixed picture rate indicator associated with a temporal sublayer, denoted herein by
FixedPicRateWithinCvsFlag, such that value 1 indicates that the temporal distance between the
display times of consecutive pictures in output order is constrained and value 0 indicates no such
constraint.

— Adisplay elemental period indicator, denoted herein by DisplayElementalPeriods, that indicates the
number of elemental picture period intervals that the current coded picture occupies for the display
model.

ffi_field_pic_flag equal to 1 indicates that the display model considers the current picture as afjield, and
ffi_field_pic_flag equal to 0 indicates that the display model considers the current picture'as'a frame.

ffi_bottom_field_flag equal to 1, when present, indicates that the current picture-is a bottpm field
(J-e., that the parity of the current picture is bottom). ffi_bottom_field_flag equal £0y0"indicates|that the
rrent picture is a top field (i.e., that the parity of the current picture is top). The’two parities| bottom
nd top, are considered as opposite parities.

fi_pairing_indicated_flag equal to 1, when present, indicates that the‘current picture is copsidered
aired with the next picture in output order or with the previous picture in output order as|the two
elds of a frame. ffi_pairing_indicated_flag equal to 0, when present, indicates that a pairirlg of the
urrent picture with another picture to form a frame is not expressed.

Q mhs .

fi_paired_with_next_field_flag equal to 1, when present; indicates that the current picture is
onsidered paired with the next picture as the two fields of a frame. ffi_paired_with_next_fjeld_flag
qual to 0, when present, indicates that the current picture is considered paired with the previous
icture as the two fields of a frame.

< T O O =~

Vhen ffi_paired_with_next_field_flag is present, the following constraints shall apply

+ If ffi_paired_with_next_field_flag is equal’to 0, there shall be at least one picture in the CLVS that
precedes the current picture in output order and the picture that precedes the current picture in
output order shall have the opposite’parity and ffi_pairing_indicated_flag equal to 1 and the value
of ffi_paired_with_next_field_flag/for that preceding picture in output order shall be equaljto 1.

—+ Otherwise, there shall be,at least one picture in the CLVS that follows the current picture ip output
order and the picture thatfollows the current picture in output order shall have the opposite parity
and ffi_pairing_indicated_flag equal to 1 and the value of ffi_paired_with_next_field_flag| for that
following picture in output order shall be equal to 0.

fi_display_fields-from_frame_flag equal to 1, when present, indicates that the display model pperates
y sequentially/displaying the individual fields of the frame with alternating parity. ffi_displaly_fields_
Fom_frame_flag’equal to 0, when present, indicates that the display model operates by displaying the
urrent pieture as a complete frame.

Q =h 5 .

)

fi_top-field_first_flag equal to 1, when present, indicates that the first field of the fram¢ that is
isplayed by the display model is the top field. ffi_top_field_first_flag equal to 0, when present, indicates
hatthe fi ield of the fra hat is displa e di i ield

Q.

ffi_display_elemental_periods_minus1 plus 1, when present, indicates the number of elemental
picture period intervals that the current coded picture or field occupies for the display model. The
value of ffi_display_elemental_periods_minus1 shall be equal to DisplayElementalPeriods - 1.

The interpretation of combinations of ffi_field_pic_flag, FixedPicRateWithinCvsFlag, ffi_bottom_field_
flag, ffi_display_fields_from_frame_flag, ffi_top_field_first_flag, and ffi_display_elemental_periods_
minusl (through DisplayElementalPeriods) is specified in Table 14, in which syntax elements that are
not present are indicated by "-". Combinations of syntax elements that are not listed in Table 14 are

© ISO/IEC 2022 - All rights reserved 89


https://standardsiso.com/api/?name=57969a52b592ac35d0c68a2fae643ff9

ISO/IEC 23002-7:2022(E)

reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this
edition of this document.

NOTE 1

When FixedPicRateWithinCvsFlag is equal to 1, the indicated display times are constrained to
account for time duration for a display model that follows the display patterns indicated by the values of the
syntax elements of the frame-field information SEI message (although the display process is outside the scope of
this document). Although the video decoder model might be specified to only output the entire cropped decoded
picture, the modelled display behaviour sometimes includes other steps, such as the repeated display of a frame
for multiple time intervals when ffi_display_fields_from_frame_flag is equal to 0 or the sequential display of the
individual fields of a frame when ffi_display_fields_from_frame_flag is equal to 1.

NOTE 2

display o

Frame doubling can be used to facilitate the display, for example, of 25 Hz progressive-scan vide0|g
a 50 Hz progressive-scan display or 30 Hz progressive-scan video on a 60 Hz progressive-scan display-~Usin
frame doubling and frame tripling in alternating combination on every other frame could be used to facilitate th
f 24 Hz progressive-scan video on a 60 Hz progressive-scan display.

Table 14 — Interpretation of frame-field information syntax elements

ffi_field

pic_flag

FixedPicRateWithinCvsFlag

ffi_bottom_field_fla

8

play_fields_from_frame_flag

ffi_dis

p_field_first_flag

ffi_to

Indicated display of thepicture by the display
model

(progressive) Frame

= o

o

Bottom field, top field, in that order

=

~ | v | = | DisplayElementalPeriods

Top field, bottom field, in that order

08}

Bottom field, top field, bottom field repeated,
in that order

Top field, bottom field, top field repeated,
in that order

(progressive) Frame
displayed for n elemental periods of time

Bottom field, top field, in that order,
each displayed for 1 elemental period of time

Top field, bottom field, in that order,
each displayed for 1 elemental period of time

[CIEI=]

90

Rottom field, tap field, bottom field repeated
in that order,
each displayed for 1 elemental period of time

Top field, bottom field, top field repeated,
in that order,
each displayed for 1 elemental period of time

Top field

Bottom field

Top field
displayed for 1 elemental period of time

Bottom field
displayed for 1 elemental period of time
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ffi_source_scan_type equal to 1 indicates that the source scan type of the associated picture should
be interpreted as progressive. ffi_source_scan_type equal to 0 indicates that the source scan type of
the associated picture should be interpreted as interlaced. ffi_source_scan_type equal to 2 indicates
that the source scan type of the associated picture is unknown or unspecified or specified by other
means not specified in this document. ffi_source_scan_type equal to 3 is reserved for future use by
ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of this document.
Decoders conforming to this edition of this document shall interpret the value 3 for ffi_source_scan_
type as equivalent to the value 2.

ffi_duplicate flag equal to 1 indicates that the current picture is indicated to he a duplicate of a
drevious picture in output order. ffi_duplicate_flag equal to 0 indicates that the current pictufe is not
hdicated to be a duplicate of a previous picture in output order.

—-

NOTE 3  The ffi_duplicate_flag could be used to mark coded pictures known to have”originategl from a
repetition process such as "3:2 pull-down" or other such duplication and picture rate interpolation methjods. This
flag would commonly be used when a video feed is encoded as a field sequence in a "transport pass-through"
fashion, with known duplicate pictures tagged by setting ffi_duplicate_flag equal to 1,

NOTE4  When ffi_field_pic_flagis equal to 1 and ffi_duplicate_flag is equal to A this could be interpreted as an
indication that the AU contains a field that duplicates the content of the previous field in output order|with the
spme parity as the current field.

8.17 Sample aspect ratio information SEI message

§.17.1 Sample aspect ratio information SEI message syntax

sample_aspect_ratio_info( payloadSize ) { Descriptor
sari_cancel_flag u[1)

if( Isari_cancel_flag) {

sari_persistence_flag u[1)
sari_aspect_ratio_idc u(8)
if( sari_aspect_ratio_idc = = 255J) {
sari_sar_width u([L6)
sari_sar_height u([L6)

§4.17.2 Sample aspect ratio information SEI message semantics

The SARL'SEI message provides information about the sample aspect ratio of the samples of the
dssociated decoded pictures. When vui_aspect_ratio_constant_flag is equal to 1, there shall be|no SARI
SlEI messages present in the CLVS.

sari_cancel_flag equal to 1 indicates that the SARI SEI message cancels the persistence of any previous
SARI SEIl messages in output order that applies to the current layer. sari_cancel_flag equal to 0 indicates
that SARI follows.

sari_persistence_flag specifies the persistence of the SARI SEI message for the current layer.

sari_persistence_flag equal to 0 specifies that the SARI applies to the current decoded picture only.
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sar_persistence_flag equal to 1 specifies that the SARI SEI message applies to the current decoded
picture and persists for all subsequent pictures of the current layer in output order until one or more of

the follo

wing conditions are true:

— Anew CLVS of the current layer begins.

— The

bitstream ends.

— Apicture in the current layer in an AU associated with a SARI SEI message is output that follows the
current picture in output order.

sari_asJ)ect_ratio_idc, when not equal to 255, indicates the sample aspect ratio of the luma samples| g

the decd
in Rec. |
the valy
are sped
bitstrea
ratio_id
value 0.

sari_sai
unit).

sari_sai
arbitrar

When p
aspect_1
aspectr

8.18 Anpnotated regions SEI message

=

ded output picture, with the same semantics as specified for the SampleAspectRatio parameéts
TU-T H.273 | ISO/IEC 23091-2. When the sari_aspect_ratio_idc syntax element is not presen
e of sari_aspect_ratio_idc is inferred to be equal to 0. Values of sari_aspect_ratio idc thqt
ified as reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall nof be present ip
ns conforming to this edition of this document. Decoders shall interpret values;of sari_aspect_
that are reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 aslequivalent to thie

™
N

 width, when present, indicates the horizontal size of the sample aspect ratio (in an arbitrarfy

_height, when present, indicates the vertical size of the sample aspect ratio (in the samje
y unit as sari_sar_width).

resent, sari_sar_width and sari_sar_height shall be relatively prime or equal to 0. When sar]_
atio_idc is equal to 0 or sari_sar_width is equal to 0°6r’sari_sar_height is equal to 0, the sample
htio is unknown or unspecified or specified by other means not specified in this document.

8.18.1 Annotated regions SEI message syntax
annotated_regions( payloadSize ) { Descriptor
ar_cdncel_flag u(1)
if( 'ag_cancel_flag) {
ar|not_optimized_for viewing_flag u(1)
ar|true_motion_flag u(1)
arjoccluded_object/flag u(1)
ar|partial_object_flag_present_flag u(1)
arjobject.label_present_flag u(1)
ar|object:confidence_info_present_flag u(1)
if(Jar-object_confidence_info_present_flag )

ar_object_confidence_length_minus1 u(4)

if(

ar_object_label_present_flag ) {

ar_object_label_language_present_flag u(1)

if( ar_object_label_language_present_flag ) {

while( 'byte_aligned( ) )

ar_bit_equal_to_zero /* equal to 0 */ f(1)
ar_object_label_language st(v)
}
ar_num_label_updates ue(v)

92
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for(i=0;i<ar_num_label_updates;i++) {
ar_label_idx][ i ] ue(v)
ar_label_cancel_flag u(1)
LabelAssigned[ ar_label_idx[ i] ] = !ar_label_cancel_flag
if( lar_label_cancel_flag) {
while( !byte_aligned( ) )
ar_bit_equal_to_zero /* equal to 0 */ f(1)
ar_label[ ar_label_idx[i] | stv)
} (‘(‘\il/
} A V
} 0
ar_num_object_updates n\Q\) ue(v)
for(i=0;i<ar_num_object_updates; i++ ) { _ ‘];’
ar_object_idx[ i | \(,}J ue(v)
ar_object_cancel_flag \S u(fl)
ObjectTracked[ ar_object_idx[i] ] = !ar_object_cancel fla(g\(f)
if(!ar_object_cancel_flag) { P
if(ar_object_label_present_flag ) { AQY
ar_object_label_update_flag \\({ - u(fl)
if( ar_object_label_update_flag) K\)\‘
ar_object_label_idx[ ar_ ob]ect_ld@@’] ue(v)
} &
ar_bounding_box_update_flag\\\ u(fl)
if( ar_bounding_box_update sflag ) {
ar_bounding_box_cq{@l’_ﬂag u(fl)
ObjectBoundingBO)Q)\'Eil[ ar_object_idx[i] ] =
lar_bounding_box_cancel_flag
if(lar, bound'(ﬂﬁox cancel_flag) {
ar_bounding_box_top][ ar_object_idx[ i] ] u(16)
ar l@)xﬁdmg box_left[ ar_object_idx[i]] u(16)
_ar-bounding_box_width[ ar_object_idx[i] ] u(16)
_{-ar_bounding_box_height[ ar_object_idx[i]] u(16)
QY‘ if( ar_partial_object_flag_present_flag)
S ar_partial_object_flag[ ar_object_idx[i] ] u()
G,\\‘ if( ar_object_confidence_info_present_flag)
= ar_object_ctonfidencefar—objectdx{ it utv)
}
}
}
}
}
}
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8.18.2 Annotated regions SEI message semantics

The annotated regions SEI message carries parameters that identify annotated regions using bounding
boxes representing the size and location of identified objects.

Use of this SEI message requires the definition of the following variables:

— Acroppedpicturewidthand picture heightinunits oflumasamples,denoted hereinby CroppedWidth
and CroppedHeight, respectively

— A cqmformmarcecropping window teftoffset; ContWinbeftOffset

— A cdnformance cropping window top offset, ConfWinTopOffset

— A cHroma format indicator, denoted herein by ChromaFormatldc, as described in subclause 7.3.
The varfables SubWidthC and SubHeightC are derived from ChromaFormatldc as specified’by Table 2.

ar_cancpl_flag equal to 1 indicates that the SEI message cancels the persistence/of any previou
annotated regions SEI message that is associated with one or more layers tg,which the annotate
regions |SEI message applies. ar_cancel_flag equal to 0 indicates that annotated regions informatio
follows.

= ="l

When aif_cancel_flag equal to 1 or a new CVS of the current layer begins, the variables LabelAssigned[ i,
ObjectTracked[ i ], and ObjectBoundingBoxAvail are set equal to 0 forrin the range of 0 to 255, inclusive.

ar_not_¢ptimized_for_viewing_flag equal to 1 indicates that the decoded pictures that the annotatefd
regions SEI message applies to are not optimized for user viewing, but rather are optimized for somje
other pyirpose such as algorithmic object classification performance. ar_not_optimized_for_viewing
flag equpl to O indicates that the decoded pictures that'the annotated regions SEI message applies t
may or hay not be optimized for user viewing.

Ol

ar_true|motion_flag equal to 1 indicates that the. motion information in the coded pictures that thie
annotated regions SEI message applies to was selected with a goal of accurately representing objedt
motion for objects in the annotated regions:ar_true_motion_flag equal to 0 indicates that the motiop
informafion in the coded pictures that the:antnotated regions SEI message applies to may or may not bje
selected| with a goal of accurately representing object motion for objects in the annotated regions.

ar_occlyded_object_flag equal to~I'indicates that the ar_bounding_box_top[ ar_object_idx[ i ] ], af_
bounding_box_left[ ar_object_idx| 1] ], ar_bounding_box_width[ ar_object_idx[ i ] ], and ar_bounding_
box_height[ ar_object_idx[ i ](]'syntax elements represent the size and location of an object or a portio
of an object that may not hé-visible or may be only partially visible within the cropped decoded pictur¢.
ar_occluded_object_flag‘equal to 0 indicates that the ar_bounding_box_top[ ar_object_idx[ i ] ], ai_
bounding_box_left[ ar object_idx[ i ] ], ar_bounding_box_width[ ar_object_idx[ i ] ], and ar_bounding
box_height[ ar_objeet idx[ i ] ] syntax elements represent the size and location of an object that ij
entirely[visible within the cropped decoded picture. It is a requirement of bitstream conformance th4
the value of ar~occluded_object_flag shall be the same for all annotated_regions( ) syntax structure
within a CVS,

—

[ 2

ar_partial_object_flag_present_flag equal to 1 Indicates that ar_partial_object_tlag| ar_object_
idx[ i ] ] syntax elements are present. ar_partial_object_flag_present_flag equal to 0 indicates that ar_
partial_object_flag[ ar_object_idx[ i ] ] syntax elements are not present. It is a requirement of bitstream
conformance that the value of ar_partial_object_flag_present_flag shall be the same for all annotated_
regions( ) syntax structures within a CVS.

ar_object_label_present_flag equal to 1 indicates that label information corresponding to objects in
the annotated regions is present. ar_object_label_present_flag equal to 0 indicates thatlabel information
corresponding to the objects in the annotated regions is not present.

ar_object_confidence_info_present_flag equal to 1 indicates that ar_object_confidence[ ar_object_
idx[ i ] ] syntax elements are present. ar_object_confidence_info_present_flag equal to O indicates
that ar_object_confidence[ ar_object_idx[ i ] ] syntax elements are not present. It is a requirement of
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bitstream conformance that the value of ar_object_confidence_present_flag shall be the same for all
annotated_regions( ) syntax structures within a CVS.

ar_object_confidence_length_minusl plus 1 specifies the length, in bits, of the ar_object_
confidence[ ar_object_idx[ i ] ] syntax elements. It is a requirement of bitstream conformance that the
value of ar_object_confidence_length_minus1 shall be the same for all annotated_regions( ) syntax
structures within a CVS.

ar_object_label_language_present_flag equal to 1 indicates that the ar_object_label_language syntax
element is present. ar_object_label_language_present_flag equal to 0 indicates that the ar_object_label _
language syntax element is not present.

r_bit_equal_to_zero shall be equal to zero.

r_object_label_language contains a language tag as specified by IETF RFC 5646, followed by a null
termination byte equal to 0x00. The length of the ar_object_label_language syntax elément shall be less
than or equal to 255 bytes, not including the null termination byte. When notptesent, the language of
the label is unspecified.

r_num_label_updates indicates the total number of labels associated with the annotated regions that
re signalled. The value of ar_num_label_updates shall be in the rangé of 0 to 255, inclusive.

<))

r_label_idx[ i ] indicates the index of the signalled label. The value of ar_label_idx[ i ] shall e in the
ange of 0 to 255, inclusive.

—

Q&

r_label_cancel_flag equal to 1 cancels the persistence scope of the ar_label_idx[ i ]-th label. ar_label _
ancel_flag equal to 0 indicates that the ar_label_idx[ i ]xth label is assigned a signalled value.

Q

—

abelAssigned[ ar_label_idx[ i ] ] equal to 1 indicates that the ar_label_idx[ i ]-th label is dssigned.
abelAssigned[ ar_label_idx[ i ] ] equal to 0 indicates that the ar_label_idx[ i ]-th label is not assjigned.

—

dr_label[ ar_label_idx[ i ] ] specifies the contents of the ar_label_idx[ i ] -th label. The length of the
ar_label[ ar_label_idx[i] ] syntax element.shall be less than or equal to 255 bytes, not including the null
tprmination byte.

dr_num_object_updates indicates\the number of object updates to be signalled. ar_nuni_object_
pdates shall be in the range of 0 to 255, inclusive.

ar_object_idx| i | is the index of the object parameters to be signalled. ar_object_idx[ i ] shall be in the
ange of 0 to 255, inclusive!

dr_object_cancel_flagequal to 1 cancels the persistence scope of the ar_object_idx[ i ]-th ohject. ar_
dbject_cancel_flagequal to 0 indicates that parameters associated with the ar_object_idx[ i ]-th object

(bjectTracked[ ar_object_idx[ i | ] equal to 1 indicates that the object_idx[ i ]-th object is [tracked.
()bjectTracked[ ar_object_idx[ i ] ] equal to 0 indicates that the object_idx[ i ]-th object is not trgcked.

Ct_label_

arcobject_label_update_flag equal to 1 indicates that an object label is signalled. ar_obje

ar_object_label_idx[ ar_object_idx[ i | ] indicates the index of the label corresponding to the ar_object_
idx[ i ]-th object. When ar_object_label_idx[ ar_object_idx[i] ] is not present, its value is inferred from a
previous annotated regions SEI message in output order in the same CVS, if any. The value of ar_object_
label_idx[ ar_object_idx[ i ] ] shall be in the range of 0 to 255, inclusive.

ar_bounding_box_update_flag equal to 1 indicates that object bounding box parameters are signalled.
ar_bounding_box_update_flag equal to 0 indicates that object bounding box parameters are not
signalled.

ar_bounding_box_cancel_flag equal to 1 cancels the persistence scope of the ar_bounding_box_
top[ ar_object_idx[ i | ], ar_bounding_box_left[ ar_object_idx[ i ] ], ar_bounding_box_width[ ar_object_
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idx[ i ] ], ar_bounding_box_height[ ar_object_idx[ i ] ]. ar_partial_object_flag[ ar_object_idx[ i ] ], and
ar_object_confidence[ ar_object_idx[ i | ]. ar_bounding_box_cancel_flag equal to 0 indicates that ar_
bounding_box_top[ ar_object_idx[ i ] ], ar_bounding_box_left[ ar_object_idx[ i | ], ar_bounding_box_
width[ ar_object_idx[ i] ] ar_bounding_box_height[ ar_object_idx[i] ] ar_partial_object_flag[ ar_object_
idx[1] ], and ar_object_confidence[ ar_object_idx[ i ] ] syntax elements are signalled.

ObjectBoundingBoxAvail[ ar_object_idx[i] ] equal to 1 indicates that the bounding box information of
the object_idx[ i ]-th object is signalled. ObjectBoundingBoxAvail[ ar_object_idx[i] ] equal to 0 indicates
that the bounding box information of the object_idx] i ]-th object is not signalled.

ar_bounding_box_top|[ ar_object_idx[ i ] |, ar_bounding_box_left[ ar_object_idx[i] ], ar_boundinﬁ;
box_width|[ ar_object_idx[ i ] ], and ar_bounding_box_height[ ar_object_idx[ i | ] specify|t
coordingites of the top-left corner and the width and height, respectively, of the bounding box of|the aj
object_ifix[ i ]-th object in the cropped decoded picture, relative to the conformance cropping windoy
specifiedl by the active SPS.

<1

The value of ar_bounding box_left[ ar_object_idx[ i ] ] shall be in the-‘range of 0 tp
CroppedWidth / SubWidthC - 1, inclusive.

The value of ar_bounding box_top[ ar_object_idx[ i ] ] shall be in\the range of 0 tp
CroppedHeight / SubHeightC - 1, inclusive.

The vaJue of ar_bounding box_width[ ar_object_idx[ i ] ] shall\be in the range of 0 tp
CroppedWidth / SubWidthC - ar_bounding_box_left[ ar_object_idx[ i} ], inclusive.

The value of ar_bounding_box_height][ ar_object_idx[ i ] 9¢ shall be in the range of 0 tp
CroppedHeight / SubHeightC - ar_bounding_box_top|[ ar_objectyidx[ i] ], inclusive.

The identified object rectangle contains the luma samiples with horizontal picture coordinatg
from SupWidthC * ( ConfWinLeftOffset + ar_bounding_box_left[ ar_object_idx[ i ] ] ) to SubWidthC
( ConfWinLeftOffset + ar_bounding_box_left[ ar_objéct_idx[ i ] ] + ar_bounding_box_width[ ar_object_
idx[ 1] ][) - 1, inclusive, and vertical picture coordinates from SubHeightC * ( ConfWinTopOffset + ai_
bounding_box_top[ ar_object_idx[i]]) to SubHeightC * ( ConfWinTopOffset + ar_bounding_box_top[ af_
object_i@ix[i] ] + ar_bounding_box_height[ arlobject_idx[i] ] ) - 1, inclusive.

*

Y]

When ChromaArrayType is not equal to 0, the corresponding specified samples of the two chrom|
arrays are the samples having picture coordinates ( x / SubWidthC, y / SubHeightC ), where ( %,y ) ar
the pictiyire coordinates of the spegified luma samples.

D

The valges of ar_bounding_bex_top[ ar_object_idx[ i ] ], ar_bounding_box_left[ ar_object_idx[ i | ], at
bounding_box_width[ ar_objeet_idx[ i ] ] and ar_bounding_box_height[ ar_object_idx[ i ] ] persist i
output grder within the CVS for each value of ar_object_idx[ i ]. When not present, the values of aif_
bounding_box_top[ arobject_idx[ i ] ], ar_bounding_box_left[ ar_object_idx[ i ] ], ar_bounding_box_
width[ dr_object_idx[(i| ] or ar_bounding_box_height[ ar_object_idx[ i ] | are inferred from a previou
annotated regions'SEI message in output order in the CVS, if any.

=

[72)

ar_partjal_object_flag[ ar_object_idx[ i | ] equal to 1 indicates that the ar_bounding_box_top[ aj

object_ 11x[ i ] ], ar_bounding_box_left[ ar ob]ect idx[ i] ], ar_bounding_box_width[ ar_object_idx[ i ]{]
and ar_betrdingbexheightl-ar-objectidsi1{ syntax——elementsrepresentthesize-andlocation-of

an object that is only partially visible within the cropped decoded picture. ar_partial_object_flag[ ar_
object_idx[ 1] ] equal to 0 indicates that the ar_bounding_box_top[ ar_object_idx[i] ], ar_bounding_box_
left[ ar_object_idx[ i ] ], ar_bounding_box_width[ ar_object_idx[ i ] ] and ar_bounding_box_height[ ar_
object_idx[i] ] syntax elements represent the size and location of an object that may or may not be only
partially visible within the cropped decoded picture. When not present, the value of ar_partial_object_
flag[ ar_object_idx[ i ] ] is inferred from a previous annotated regions SEI message in output order in
the CVS, if any.

ar_object_confidence[ ar_object_idx[ i ] ] indicates the degree of confidence associated with the
ar_object_idx[ i ]-th object, in units of 2-(ar-object_confidence_length_minusl + 1) gych that a higher value
of ar_object_confidence[ ar_object_idx[ i ] ] indicates a higher degree of confldence The length of the
ar_object_confidence[ ar_object_idx[ i ] ] syntax element is ar_object_confidence_length_minus1 + 1

96 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=57969a52b592ac35d0c68a2fae643ff9

ISO/IEC 23002-7:2022(E)

bits. When not present, the value of_object_confidence[ ar_object_idx[ i ] ] is inferred from a previous
annotated regions SEI message in output order in the CVS, if any.

8.19 Scalability dimension information SEI message

8.19.1 Scalability dimension information SEI message syntax

scalability_dimension_info( payloadSize ) { Descriptor
sdi-max_tayers_minust m{6)
sdi_multiview_info_flag u(1)
sdi_auxiliary_info_flag u(l)

if( sdi_multiview_info_flag | | sdi_auxiliary_info_flag ) {

if( sdi_multiview_info_flag)

sdi_view_id_len_minus1 u(4)
for(i=0;i<=sdi_max_layers_minusl; i++) {

sdi_layer_id[i] u(6)
if( sdi_multiview_info_flag)

sdi_view_id_val[ i ] u(v)
if( sdi_auxiliary_info_flag)

sdi_aux_id[1i] u(8)

if( sdi_aux_id[i]>0){

sdi_num_associated_primary_layers:minus1[i | u(6)

for(j = 0;j <=sdi_num_associated.primary_layers_minusl1[ i ]; j++ )

sdi_associated_primary_layer idx[i][j ] u(6)

o0

.19.2 Scalability dimension information SEI message semantics

he scalability dimension information (SDI) SEI message provides the SDI for each layer in the current
VS, i.e., the GVS-containing the SDI SEI message, such as 1) when there may be multiple views, the view
D of each layer; and 2) when there may be auxiliary information (such as depth or alpha) carrield by one
r more layers, the auxiliary ID of each layer.

o = M =

Vhen an SDI SEI message is present in any AU of a CVS, an SDI SEI message shall be present for|the first
U-of the CVS. All SDI SEI messages in a CVS shall have the same content.

V
A

sdi_max_layers_minus1 plus 1 indicates the maximum number of layers in the current CVS.

sdi_multiview_info_flag equal to 1 indicates that the current CVS may have multiple views and the
sdi_view_id_val[ ] syntax elements are present in the SDI SEI message. sdi_multiview_info_flag equal to
0 indicates that the current CVS does not have multiple views and the sdi_view_id_val[ ] syntax elements
are not present in the SDI SEI message.

sdi_auxiliary_info_flag equal to 1 indicates that one or more layers in the current CVS may be auxiliary
layers, which carry auxiliary information, and the sdi_aux_id[ ] syntax elements are present in the SDI
SEI message. sdi_auxiliary_info_flag equal to 0 indicates that the current CVS does not have an auxilary
layer and the sdi_aux_id[ | syntax elements are not present in the SDI SEI message.
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