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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.
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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
nine additional SEI messages, namely the annotated regions SEI message, the alpha channel information
SEI message, the depth representation information SEI message, the multiview acquisition information
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hge, the extended dependent random access point indication SEI message, the display
essage, and the colour transform information SEI message. Besides these additipnal S
ersion also contains corrections to various minor defects in the prior content of the s
econd edition published by ISO/IEC as ISO/IEC 23002-7:202X corresponds, to the sed
e time of publication of this edition by ISO/IEC, a corresponding second(edition of Rec
h preparation for publication by ITU-T.
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lements or the values of variables derived from these syntax elements, it is the respon
ncoder to ensure that the constraint is fulfilled:

chould” indicates a recommendation. It.ds‘tsed to refer to behaviour of an implement
ncouraged to be followed under anticipated ordinary circumstances, but is not a req
onformance to this document.

may” indicates a permission.
an” indicates a possibility ©ra capability.
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bntain provisions.relating to the use of a term.
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[SO 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

This flocument specifies the syntax and semantics of video usability information {VU1) paf
supplemental enhancement information (SEI) messages. The VUI parameters and’SEI mess|

ameters and
ages defined

in thls document are designed to be conveyed within coded video bitstreams in a manter specified

in a Video coding specification or to be conveyed by other means determined by the spec
systems that make use of such coded video bitstreams. This documengt-is particularly inte
with coded video bitstreams as specified by Rec. ITU-T H.266 | ISOAEE23090-3, although
in a manner intended to be sufficiently generic that it can also beused with other types of]
bitsteams.

VUI garameters and SEI messages can assist in processes related to decoding, display or otH
Howgver, unless otherwise specified in a referencing specification, the interpretation arg
VUI parameters and SEI messages specified in this decument is not a required functionali
decodler or receiving video system. Although semantics are specified for the VUI paramg
messpges, decoders and receiving video systems.ean simply ignore the content of the VU
and §EI messages or can use them in a manner, that somewhat differs from what is spe

[SO/IEC 10646, Information technology — Universal coded character set (UCS)
ISO/IEC 11578:1996, Information technology — Open Systems Interconnection — Remote P
(RPC

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

fications for
nded for use
it is drafted
coded video

er purposes.
d use of the
ty of a video
ters and SEI
parameters
rified in this

heir content
applies. For
nts) applies.

rocedure Call

bendent code

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

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:

3.1
AU
access unit

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

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

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

time

3.2

APS
adaptation p
syntax struc
more syntax

3.3

alpha blending

process in w
with other d

Note 1 to enti
indications of]
samples of th

34

associated |
previous IRA
particular pi

3.5
azimuth cirj
circle on a sy

Note 1 to enty

3.6
byte
sequence of

right-most bjits represent.the’most and least significant bits, respectively, and the bits are writf

read from le

3.7
chroma

arameter set
fure containing syntax elements that apply to zero or more slices as determified by ze
elements found in slice headers

hich an auxiliary coded picture is used in combination with a/primary coded pictur
ata not specified by this document in the display process

y: In an alpha blending process, the luma samples of an auxiliafty coded picture are interpre

the degree of opacity (or, equivalently, the degrees of transparency) associated with correspg
e primary coded picture.

RAP picture
P picture (when present) in decoding order, for a particular picture, in the same layer 3
cture

cle
here connecting all points witlh'the same azimuth value

y: An azimuth circle is always$.a'great circle like a longitude line on the earth.

8 bits, within which, when written or read as a sequence of bit values, the left-mog

[t to right

sample arra

ro or

e and

ted as
nding

s the

t and
en or

o the

ofssingle sample representing one of the two colour difference signals related

primary colours, TEpPTesented by the Symbois Chband Cr

Note 1 to entry: 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
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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
coded picture
coded representation of a picture containing all CTUs of the picture

3.12
codef slice NAL unit
NAL ynit that contains a coded slice

3.13
codef video bitstream
sequénce of bits that forms the representation of a sequence of AUs forming one or more CVSs

3.14
CVS
codedl video sequence
sequénce of AUs that consists, in decoding order, of a CVSS AU; followed by zero or more AUY that are not
CVSS)AUs, including all subsequent AUs up to but not including any subsequent AU that is a {VSS AU

3.15
CVSS AU
AU thiat has a PU for each layer present in the CVS and the coded picture in each PU is a CLVSS picture

3.16
component
array or single sample from one of the‘three arrays (luma and two chroma) that compose¢ a picture in
4:2:0])4:2:2, or 4:4:4 colour format orithe array or a single sample of the array that composg a picture in
mondchrome format

3.17
constituent picture
part pf a spatially frame=packed stereoscopic picture that corresponds to one view, or a picture itself
whern frame packing(is)not in use or the temporal interleaving frame packing arrangement |s in use

3.18
cropped decoded picture
resulf of crépping a decoded picture based on the conformance cropping window for the cdrresponding
coded picture

3.19
decoded 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

3.23

reads a coded video bitstream and derives decoded pictures from it

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

3.25
encoding pi
process that

3.26
field
assembly of

3.27
flag
variable or s

3.28

frame
composition|
and sample 1

3.29

of an encoding process

ocess

produces a coded video bitstream

hlternative rows of samples of a frame

ingle-bit syntax element that can take one of the twa/possible values: 0 and 1

of a top field and a bottom field, where sample rows 0, 2, 4, ... originate from the toy
ows 1, 3, 5, ... originate from the bottomfield

global coorgdlinate axes

coordinate

hxes associated with omnidifectional video that are associated with an exter

referenceable position and orientation

Note 1 to ent
used for omn
dimensional s

3.30
great circle
intersection

Note 1 to enty

y: The global coordinatelaxes could correspond to the position and orientation of a device
idirectional audio/video.acquisition as well as the position of an observer's head in the
pace of the omnidirettional video rendering environment.

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

y: A@reat circle is also known as an orthodrome or Riemannian circle.

3.31

inter prediction
aspect of the decoding process for a coded picture that makes use of data derived from 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

field

nally

or rig
hree-

© 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
picturethatis in the same Jayer as the gssociated IRAP picture and precedes the gssociated IRAP picture

in output order

3.35
local|coordinate axes
coordinate axes having a specified rotation relationship relative to the global coordinate axes

3.36
luma
samplle array or single sample representing the monochrome signal ‘related to the prinjary colours,
reprgsented by the symbol or subscriptY or L

Note [l to entry: The term luma is used rather than the term luminance in order to avoid imply|ng the use of
linear| light transfer characteristics that is often associated with the term luminance. The symbol I is sometimes
used instead of the symbol Y to avoid confusion with the symhol y as used for vertical location.

3.37
NAL pnit
syntdjx structure containing an indication of the type of data that follows and bytes containjng that data
in a nhanner that enables the extraction of a strinig of data bits from the syntax structure

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

3.39
omnidirectional video
vided content in a format that enables rendering according to the user's viewing orientjation, e.g., if
viewed using a head-mounted device, or according to a user's desired viewport, reflecting p potentially
rotatpd viewing position

3.40
outppit order
orderf in which the decoded pictures are output from the decoder (for the decoded pictures that are to be
outp\rt from the decoder)

3.41
output 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 as

determined
or slice head

3.45

PU

picture unif
set of NAL ur

3.46
projected p
picture that

3.47
projected r
regioninap

3.48
projection
specified cof
positions on

3.49
random acd

by a syntax element that is the same for all slices of a picture and found in the pictureh
brs of each picture

its that contain all VCL NAL units of a coded picture and their associated non-VCL NAL

jcture
1ses a projection format for omnidirectional video

boion
lojected picture that is mapped to a packed regionjaccording to a region-wise packing

respondence between the colour samplés-of a projected picture and azimuth and eley
a sphere

€SS

act of startiI)g the decoding process for-acoded video bitstream at a point other than the beginn

the bitstrea

3.50

RASL pictul
leading pictu
IRAP picture|

3.51
reference p
picture that

e
re that cannot be correctly decoded when the decoding process starts from the assoq

cturé
contdins samples that could be used for inter prediction in the decoding procsg

bader

units

ation

ng of

riated

ss of

subsequent

3.52

pictlires in dp(‘nding arder

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.
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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
regio ofa piﬁhlro thatcanbe decoded cnpnr:\fn]y from other rnginnc ofthe same caded pirh re (although
in some cases the decoding process for the picture might use inter prediction that makes|reference to
other] previously decoded reference pictures)

3.57
sourg¢e
termfused to describe the video material or some of its attributes before enéoding

3.58
sphere coordinates
azimyith and elevation angles identifying a location of a point on a-sphere

3.59
sphere region
regiop on a sphere, specified either by four great circlés{or by two azimuth circles and two elevation
circlefs, or such a region on a rotated sphere after applying yaw, pitch, and roll rotations

3.60
STSA picture
coded picture that enables up-switching, at'the coded picture, to the temporal sublayer cgntaining the
coded picture, from the immediately lowerctemporal sublayer of the same layer when the doded picture
does pot belong to the lowest temporal sublayer

Note [l to entry: An STSA picture does‘not use pictures in the same layer and with the same temporal sublayer
identifier as the STSA picture for interprediction reference. Pictures following an STSA picture in decoding order
in the[same layer and with the sametemporal sublayer identifier as the STSA picture do not use pidtures prior to
the STSA picture in decoding order in the same layer and with the same temporal sublayer identifi¢r as the STSA
picture for inter prediction teference. 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.

3.61
syntax element
element of datayrepresented in a syntax structure

3.62
syntaxStructure
zero or more syntax elements that are present together in a specified order in a string of data bits,
where the left-most bit is considered to be the first and most significant bit, and the right-most bit is
considered to be the last and least significant bit

3.63

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 the amount of tilt of a sphere region, measured as the amount of rotation of a sphere
region along the axis originating from the sphere origin passing through the centre point of the sphere

region, wher

end of the axis

3.67

w1 1 1 . 1 1 : 1 1 1 £ 1 . - R | L
LT dITgIC VAIUT HILT CAd5TS CLIULRWIST WIITIT IUURKIITE TTUIT UIT UTTgHT LOWATUS LT DU 1tive

trailing picture
coded picturge that is associated with an IRAP picture and follows the IRAP picture invboth decpding
order and oytput order

3.68
VCL NAL unjit

collective tefm for coded slice NAL units and the subset of other NAL units'that have reserved vallies of

NAL unit typ identifiers that are classified as VCL NAL units in a referencing specification

3.69

VUI paramgéters
syntax strudture that identifies properties of interpretation_ofdecoded pictures for display purposes,

particularlyfincluding colour representation information

3.70
viewport

region of ompidirectional video content suitable fordisplay and viewing by the user

4 Abbreyviated terms

ACI alpha channel information

AU access unit

APS adaptation parameter set

CLVS coded layér video sequence
CLVSS codédlayer video sequence start
CRC eyeheredundaney-cheek

CTI colour transform information
CVS coded video sequence

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

8
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IRAP intra random access point

MAI multiview acquisition information

NAL network abstraction layer

PPS picture parameter set

PU picture unit

RASL random access skipped leading

RWP region-wise packing

SAR sample aspect ratio

SARI sample aspect ratio information

SDI scalability dimension information

SEI supplemental enhancement information

STSA| step-wise temporal sublayer access

VCL video coding layer

VUI video usability information

5 (onventions

5.1 |General

The word "reserved" is used to specifyithat some values of a particular syntax element a
use By ITU-T | ISO/IEC and shall net’be used in syntax structures conforming to this dd
could potentially be used in syntax structures conforming to future editions of this d
ITU-T | ISO/IEC.

The yord "unspecified' is used to describe some values of a particular syntax elemen
that the values have no'specified meaning in this document and are not expected to hav|
mearling in future editions of this document by ITU-T | ISO/IEC.

re for future
cument, but
ocument by

[ to indicate
e a specified

The

athematical operators used in this document are similar to those used in the C p

ogramming

langyage. However, the results of integer division and arithmetic shift operations are defined more
precipely,and additional operations are defined, such as exponentiation and real-valued diyision.

Numbering and counting conventions generally begin from 0 (e.g. "the first" is equivalent to the 0-th,

"the second" is equivalent to the 1-th, etc.).

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&>=0and y > 0
5.3 Logical operators

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

x?y:z ifkis TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the valye of z

5.4 Relational operators

> gileater than

>= gileater than or equal to
< lefs than

<= legs than or equal to

== edual to

I= nqt equal to

When a relational.loperator is applied to a syntax element or variable that has been assigned the [value
"na" (not applicable), the value "na" is treated as a distinct value for the syntax element or variabl¢. The
value "na" is 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"

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-
gument, the shorter argument is extended by adding more significant bits equal to 0.

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.

X >>y{ arithmetic rignt sNIit of a two's complement INteger representation of x by y binany digits
This function is defined only for non-negative integer values of y. Bits shifted ifjto the 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.
x <<y arithmetic left shift of a two's complement integer representation 6f x’by y binary|digits
This function is defined only for non-negative integer values of y. Bits shifted into [the least sig-
nificant bits (LSBs) as a result of the left shift have a value equial to 0.
5.6 [Assignment operators
= assignment operator
++ increment, i.e., x++ is equivalent to x = x + 1;when used in an array index, evaluate to the value
of the variable prior to the increment operation
- - decrement, i.e., x- - is equivalent to%= x — 1; when used in an array index, evalluates to the
value of the variable prior to the de¢rement operation
+= increment by amount specified;i.e., x += 3 is equivalent to x =x + 3, and x += (-3) |s equivalent
tox=x+ (-3)
-= decrement by amountspecified, i.e., x —= 3 is equivalent to x =x - 3,and x -= (-3) |s equivalent
tox=x-(-3)
5.7 |Range notation
X=V. x takes On-integer values starting fromy to z, inclusive, with x, y, and z being intejger numbers
and Z being greater than y
5.8 |Mathematical functions
x ; x>=0
Abs(x) = (1)
-xX ; 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

© ISO/IEC 2022 - All rights reserved
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Atan( y ) ; x>0
X
y
At =
an( x j T x<08&&y>=0
Atan2(y,x) =
Atan(x)—n ; x<0&&y<0
X
T
2 ; x==0&&y>=0
T ; otherwise
2
Ceil( x ) $mallest integer greater than or equal to x

Clip3(x,

Cos( x) frigonometric cosine function operating on an argumentx in units of radians

Floor( x

Ln(x)n
2.718 28

Max( x,

Round(

Sign(x)

Sin(x)t

X Z<X
V,2)=3Y ; z>y
z ; otherwise

largest integer less than or equal to x

htural logarithm of x (the base-e logarithny,where e is the natural logarithm base con
1 828..)

) X ; X>=y
) y 5 X<Yy

) =Sign(x) * Floor( Abs(;x) + 0.5)
1 ; x>0

=<0 ; x==0
-1 ;- <x<0

Figonemetric sine function operating on an argument x in units of radians

Sqrt(x)

square rootofx

Tan( x ) trigonometric tangent function operating on an argument x in units of radians

5.9 Order of operation precedence

(4)

(5)

(6)

(7)

(8)

stant

(9)

(10)

(11)

(12)

(13)

(14)

(15)

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.

12
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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)

X++, X

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

XY

X
XEYLR) YRy — y X%y

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

i=x

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

X<y|| "X< yll uX>yu n =yn

"x==y", "xI=y"
"X &y"

"le"

"X&&y"

IIX | | yll
"x?y:z"

"X y"

"x=y", "x+=y", "x==y"

5.10( Variables, syntax elements-and tables

Syntdx elements in the syntax tables are represented in bold type. Each syntax element is flescribed by
its ngme (all lower case letters'with underscore characters), and one descriptor for its method of coded
reprgsentation. The deceding process behaves according to the value of the syntax element and to the
valugs of previously decoded syntax elements. When a value of a syntax element is used in the syntax
tablef or the text, it appears in regular (i.e., not bold) type.

In soine cases the-syntax tables and semantics use the values of other variables derived from the values
of symtax elements. Such variables appear in the syntax tables, or text, named by a mixture pflower case
and ypper case letter and without any underscore characters. Variables starting with an upper case
lettey até derlved for the decodlng of the current syntax structure and all dependlng synta structures.
Variabtess ; 1g process for
later syntax structures w1thout mentlonlng the orlglnatlng syntax structure of the variable. Variables
starting with a lower case letter are only used within the subclause in which they are derived.

In some cases, "mnemonic” names for syntax element values or variable values are used interchangeably
with their numerical values. Sometimes "mnemonic" names are used without any associated numerical
values. The association of values and names is specified in the text. The names are constructed from
one or 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-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix.
Arrays can githerbe syntax elements or variables.-Subscripts or square parenthesesare used for the
indexing of arrays. In reference to a visual depiction of a matrix, the first subscript is used ds &4 row
(vertical) inflex and the second subscript is used as a column (horizontal) index. The indexing prder
is reversed yhen using square parentheses rather than subscripts for indexing. Thus, an.elemerit of a
matrix s at Horizontal position x and vertical position y could be denoted either as s[ xJLy ] orasf, . A
single columln of a matrix could be referred to as a list and denoted by omission of the\row index. Tyhus,
the column ¢f a matrix s at horizontal position x could be referred to as the list s[ x}.

A specificati
}, where ead
column orde
}{49}}spe
s[1][1]isse

on of values of the entries in rows and columns of an array could be denoted by { {{} {...}
inner pair of brackets specifies the values of the elementswithin a row in increfasing
and the rows are ordered in increasing row order. Thus, setting a matrix s equalto{{1 6
ifies thats[ 0 ][ 0 ] is setequal to 1, s[1 ][ 0 ] is set equal t6-6,s[ 0 ][1 ] is set equal to 4, and
equal to 9.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For exajmple,
'01000001" rfepresents an eight-bit string having only its secénd’and its last bits (counted from the[most
to the least qignificant bit) equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", is used in some fcases
instead of bjinary notation when the number of bits is an integer multiple of 4. For example,|0x41
eight-bit string having only its second and its last bits (counted from the most to the least
t) equal to 1.

Numerical values not enclosed in single quotes and not prefixed by "0x" are decimal values.

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

5.11 Text description oflogical operations

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

if( condition'0))
state:Lent 0

else if( condition T')
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
form:

—n

( condition 0a && condition Ob )
statement 0

[se if( condition 1a | | condition 1b)

statement 1

(¢

else
statementn

is tygically described in the following manner:
... as follows / ... the following applies:
— I all of the following conditions are true, statement 0;

— condition Oa

— condition Ob

— (therwise, if one or more of the following-cenditions are true, statement 1:

— condition 1a

—~ condition 1b

— (therwise, statement n

In the text, a statementyof logical operations as would be described mathematically in the following
form

—

( condition*0")
statement 0
( condition 1)
statement 1

—e

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

variable or a

When invoki

lower case variable.

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

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

assignm

ent is implied.

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

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

6 Syntax

6.1 Genel

It is intende
certain nece

Technical sp
shall specify
length in bit
in Rec. ITU-I
the number
increased in
directly app
future editiag
is outside th

Technical sp
to carry the
and to ident
structure sy
The design ¢
and to allow]
document tg
SEI message
messages as

The length
referred to h
this docume
payloadSize,

For the VUI

and semantics

ral

] that this document is referenced by other technical specifications, which-should sy
5sary elements to enable the use of the specified VUI parameters and SEl' messages.

ecifications that reference this document for carrying VUI parameters syntax stru
a container to carry the data of the VUI parameters syntax striucture and to identif
5 of the VUI parameters syntax structure, e.g., the vui_payload(") syntax strucure spe
H.266 | ISO/IEC 23090-3. The design of the container should provide the ability to ¢
of bits in the vui_parameters( ) syntax structure and.to-allow the number of bits
future editions of this document, thus enabling this document to provide extensibil

ns of this document. The syntax of the container ofthe vui_parameters( ) syntax stru
b scope of this document.

ecifications that reference this document’for carrying SEI messages shall specify 4
payload syntax of each specified SEI niessage, to identify which SEI message is cony
ify the length in bits of the SEI message syntax structure, e.g., the sei_payload( ) s
ecified in Rec. ITU-T H.266 | ISO/EC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23(
f the container should provide the ability to detect the number of bits in an SEI me
the number of bits to be incredsed in future editions of this document, thus enablin
provide extensibility by.directly appending additional syntax elements to the end

syntax structure in future editions of this document. The syntax of the container of t}
well as the method of identifying which SEI message is outside the scope of this docu

bf the VUI parameters syntax structure or an SEI message syntax structure in b
erein by the variable PayloadBits, which is provided by an external means not specif
nht. The number of bytes that contains the payload data is referred to herein by the va
where payloadSize is equal to Ceil( PayloadBits + 8).

bardmeters and most of the SEI messages specified in this edition of this document

ecify

cture
y the
rified
etect
to be

ty by

ending additional syntax elements to the end of thevui_parameters( ) syntax structyre in

cture

| way
eyed,
ntax
08-2.
ssage
b this
bf the
1e SEI
ment.

its is
ed in
riable

other

than the fill

erpayload, user data registered, user data unregistered, and reserved SEI messages

), the

values of PayloadBits and payloadSize are not used for the parsing of the syntax. HOWEVET, in some
future edition of this document, the value of PayloadBits or payloadSize could be used as part of the
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
message payload type indication derived as a payloadType variable within a NAL unit that could contain

emul

prevéntion bytes are present, the emulation prevention bytes are not counted when dets
valugs of PayloadBits and payloadSize.

6.2 |Method of specifying syntax in tabular form

The gyntax tables in this document specify a superset of the syntax ofthe VUI paramg
allowled SEI messages. Additional constraints on the syntax are specified€ither directly
in other subclauses.

This

specifies that a syntax element is parsed from the VUI param€ters syntax or an SEI me
and the data pointer is advanced to the next position beyond\the syntax element in the sy
procgss.

tion prnvohfinn hyfnc as cpnrifind mRec ITU-TH266 ! TQ('\I/”:'F 23090-3. When such emulation

ermining the

pters and all
br indirectly,

subclause lists examples of the syntax specification formadt)When syntax_elemenit appears, it

bsage syntax
ntax parsing

Descriptor

/* A ptatement can be a syntax element with an associated descriptor or can be an
expression used to specify conditions for the eXistence, type and quantity of syntax
elements, as in the following two examples */

synthx_element

ue(v)

condfitioning statement

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

{

statement

statement

/* A "While*Structure specilies a test of whether a condition is true, and if true, speci-
fies evaluation 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 )

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

if( condition )

primary statement

else

alternatiye statement

/* A "for" stfucture specifies evaluation of an initial statement, followed by a test of a
condition, ahd if the condition is true, specifies repeated evaluation of a primary state-
ment followed by a subsequent statement until the condition is no longer true. */

for( initial statement; condition; subsequent statement )

primary gtatement

6.3 Specification of syntax functions and descriptors

The functions presented in this subclause are used in the syntactieal description. These functiors are
expressed i1} terms of the value of the VUI parameters syntax Or an SEI message syntax data pginter
that indicatds the position of the next bit to be read by the decading process from the syntax strugture.

read_bits( n|) reads the next n bits from the syntax stguctiire and advances the data pointer by n bit
positions. When n is equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not adyance
the data pointer.

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

— b(8): byte having any pattern of bit string)(8 bits). The parsing process for this descriptor is spefified
by the r¢turn value of the function read’ bits( 8 ).

— f(n): fixeld-pattern bit string using it bits written (from left to right) with the left bit first. The pqrsing
process for this descriptor is.specified by the return value of the function read_bits( n ).

— i(n): sigped integer using.n bits. When n is "v" in the syntax table, the number of bits varief in a
manner|dependent on the value of other syntax elements. The parsing process for this descriptor
is specified by theseturn value of the function read_bits( n ) interpreted as a two's complgment
integer representation with most significant bit written first.

— se(v): signed(integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The pqrsing
process ffarthis descriptor is specified in Clause 9 with the order k equal to 0.

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

aramreters 1ta reture; o Ft—para Fta v ot-pre
Is)ome external means that controls the interpretation.
7.2 |VUI parameters syntax
vui_parameters( payloadSize ) { Dlescriptor
vyi_progressive_source_flag u(1)
vyi_interlaced_source_flag u(1)
vyi_non_packed_constraint_flag u(1)
vyi_non_projected_constraint_flag u(1)
vyi_aspect_ratio_info_present_flag u(1)
if((vui_aspect_ratio_info_present_flag ) {
vui_aspect_ratio_constant_flag u(1)
vui_aspect_ratio_idc u(8)
if( vui_aspect_ratio_idc == 255) {
vui_sar_width u(16)
vui_sar_height u(16)
}
}
vyi_overscan_info_presént: flag u(1)
if((vui_overscan_info_present_flag)
vui_overscan_appropriate_flag u(1)
vyi_colour_description_present_flag u(1)
if(| vui_colouf description_present_flag) {
vui_coleur_primaries u(8)
vuiltransfer_characteristics u(8)
vui_matrix_coeffs u(8)
vui_full_range_flag u(1)
}
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)
}
19

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 23002-7:2022(E)

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 such code points is found in ITU-T H-Suppl. 19 | ISO/IEC TR 23091-4.

Use of the VU1 parameters requires the definition of the following variables:

— A chronja format indicator, denoted herein by ChromaFormatldc, such that the value 0jindjcates
that the|picture has only a luma component and other values indicate that the picture has three
colour domponents that consist of a luma component and two associated chrama components,
such thgt the width and height of each chroma component are the width and-height of the|luma
compongnt divided by SubWidthC and SubHeightC, respectively, where SubWidthC and SubHdightC
are determined from ChromaFormatldc as specified by Table 2.

— A bit d¢pth for the samples of the luma component, denoted herei~by BitDepthy, and when
ChromaFormatldc is not equal to 0, a bit depth for the samples.of)the two associated chroma
compongnts, denoted herein by BitDepth,.

Tdble 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 4:474 1 1

vui_progregsive_source_flag and vui_interlaced_source_flag are interpreted as follows:

— If vui_prjogressive_source_flag is-equal to 1 and vui_interlaced_source_flag is equal to 0, the spurce
scan tyge of the pictures shouldbe interpreted as progressive only.

— Otherwise, if vui_progressiye_source_flag is equal to 0 and vui_interlaced_source_flagis equafl to 1,
the sourfce scan type of{the pictures should be interpreted as interlaced only.

— Otherwise, if vui_ppogressive_source_flag is equal to 0 and vui_interlaced_source_flag is equall to 0,
the sour|ce scan type of the pictures should be interpreted as unknown or unspecified or spefified
by external means not specified in this document.

— Otherwise (ui_progressive_source_flag is equal to 1 and vui_interlaced_source_flag is equal to
1), the source scan type of each picture is indicated at the picture level using the syntax element
ffi_source_scan_type in a frame-field information SEI message.

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 CLVS, unless indicated otherwise by associated SARI SEI messages when vui_aspect_

ratio_constant_flag is equal to 0. Its semantics are as specified for the SampleAspectRati

lue of vui_aspect_ratio_idc is inferred to be equal to 0. Values of vui_aspect_ratio
specified as reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall.ot b
bitstfeams conforming to this edition of this document. Decoders shall interpretaaldes of
ratio[idc that are reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23094-2 as equi
valug 0.

vui_gar_width, when present, indicates the horizontal size of the SAR (in arbitrary units]
samplles of decoded pictures in the CLVS, unless indicated otherwise by)associated SARI §
when vui_aspect_ratio_constant_flag is equal to 0.

vui_§
vui_s|
assod

ar_height, when present, indicates the vertical size of the SAR (in the same arbitr
ar_width) of the luma samples of decoded pictures inxthe CLVS, unless indicated d
iated SARI SEI messages when vui_aspect_ratio_constant_flag is equal to 0.

When present, vui_sar_width and vui_sar_height shall*be relatively prime or equal to (
aspeqt_ratio_idc is equal to 0 or vui_sar_width is équal to 0 or vui_sar_height is equal to
unknpwn or unspecified in this document or may.be determined by other means, such as
messpge.

vui_d
prese
meth

verscan_info_present_flag equal ;to 1 specifies that the vui_overscan_approp
nt. When vui_overscan_info_present_flag is equal to 0 or is not present, the prefe]
pd for the video signal is unknown or unspecified or specified by external means.

vui_gverscan_appropriate_flag,equal to 1 indicates that the cropped decoded picture
suitabple for display using ovefrscan. vui_overscan_appropriate_flag equal to 0 indicates that
decodled pictures output contain visually important information in the entire region out tg
the conformance croppifigwindow of the picture, such that the cropped decoded pictures o
not be displayed using'everscan. Instead, they should be displayed using either an exact mg
the djsplay area and the conformance cropping window, or using underscan. As used in thi
the t¢rm "overscan” refers to display processes in which some parts near the borders of

decodled pictures are not visible in the display area. The term "underscan" describes displ

0 parameter
not present,
|idc that are
e present in
vui_aspect_
alent to the

of the luma
El messages

ary units as
therwise by

. When vui_
D, the SAR is
the SARI SEI

riate_flag is

rred display

5 output are
the cropped
the edges of

utput should

tch between
s paragraph,
the cropped
hy processes

in which the-entire cropped decoded pictures are visible in the display area, but they do ot cover the

entire display area. For display processes that neither use overscan nor underscan, the

display area

exactllynmatches the area of the cropped decoded pictures.

NOTE 2

For example, vui_overscan_appropriate_flag equal to 1 could be used for entertainment television

programming or for a live view of people in a videoconference, and vui_overscan_appropriate_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
characteristics are unknown or unspecified or determined by other means not specified in this
document). Values of vui_transfer_characteristics that are identified as reserved for future use in

Rec. ITU-T H = f this
document. Dlecoders shall interpret reserved values of vui_transfer_characteristics as equivalent{o the
value 2.

vui_matrix|coeffs describes the equations used in deriving luma and chroma signals from the
green, blue, pnd red, or Y, Z, and X primaries. Its semantics are as specified for MatxixCoefficients in
Rec. ITU-T H{273 | ISO/IEC 23091-2.

vui_matrix_goeffs shall not be equal to 0 unless both of the following conditions are true:

— BitDepth, is equal to BitDepthy.

— ChromaFormatldc is equal to 3 (the 4:4:4 chroma format).

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

vui_matrix_g¢oeffs shall not be equal to 8 unless one of the‘fellowing conditions is true:

— BitDeptIC is equal to BitDepthy,

— BitDepth( is equal to BitDepthy + 1 and ChromaFormatldc is equal to 3 (the 4:4:4 chroma format).
The specifichtion of the use of vui_matrix_goeffs equal to 8 under all other conditions is reserved for
future use by ITU-T | ISO/IEC.

When the vi_matrix_coeffs syntax glement is not present, the value of vui_matrix_coeffs is inferted to
be equal to 4 (unknown or unspecified or determined by other means not specified in this document).
vui_full_range_flag indicatés)'the scaling and offset values applied in association with the
matrix coefficients. Its semantics are as specified for the VideoFullRangeFlag parameter in
Rec. ITU-T H{273 | ISO/IEC23091-2. When not present, the value of vui_full_range_flag is inferred|to be
equal to 0.

vui_chromad_loc-info_present_flag equal to 1 specifies that either vui_chroma_sample_loc_kype_
frame or both<{vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom| field
are present.vii—ehroma-loc—infopresent{flagequal-to-O-specifies-thatvui—chroma—sampledoetype_

frame, vui_chror_na_sample_loc_tyjpe_top_field, and Vui_chroma_sample_loc:type_bottom_field are not
present.

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.

20X ROX K0X R0X.
oV OV oV oV
AL QAL KIAL &AL

20X R0X 20X ROX
oV oV oV OV
KIAL QAL BKALOCKAL

20X KO0X 20X 20X
OV OV ON oV
KAL QAL SKALD QAL

20X ROX 20X 80X
oV QV oV oV
KIAL &AL KAL KBAL

Key
Lumal|samples:

>< top field |:| bottom field

Chromadamples, where filled symbols indicate a bottom field sample type and empty symbols indidate a top field
sample type:

O type 0 v type 1

O type?2 O type 3

<> type 4 A type 5

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.

X

2

2

X

( X X J @ g g g & &
X X X X | X

Key
X location of luma sample

O location of chroma sampfte

B & & & ®

X X X X | X X

B o & W& | ®&

X XZ2X X | X

Figure 2 -~ Nominalvertical and horizontal locations of 4:2:2 luma and chroma samples in a

picture

When ChrompaKoermatldc is equal to 3 (4:4:4 chroma format), the nominal positions of the chroma

samples are such that all array samples are co-sited for all cases of pictures and the nominal locations
in a picture are as shown in Figure 3.
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Key
X location of luma sample

O location of chroma sample

Figure 3 — Nominalwvertical and horizontal locations of 4:4:4 luma and chroma samples in a
picture

WheI 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_lpc_type_top_
field and vii_chroma_sample_loc_type_bottom_field shall be in the range of 0 to 6, inclusive.

When ChromaFormatldc is equal to I and vul_chroma_loc_info_present_tlag is equal to U, vui_chroma_
sample_loc_type_frame is not present and is inferred to be equal to 6, which indicates that 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.
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chroma format), HorizontalOffsetC and VerticalOffsetC would serve as the phase offsets fﬁlr
hd vertical filter operations, respectively, for sepavable downsampling from 4:4:4 chroma

horizontal a
format to th

Location of the top-left chroma sample when ChromaFormatldc is equal to-1/(4
a format) and Chroma420LocType is equal to 0 to 5, inclusive, from left toright

spatial positioning of the chroma samples, as illustrated in Figure 5, can’be express

variables HorizontalOffsetC and VerticalOffsetC as a function of €hromaFormatld
Chroma420LocType as given by Table 3, where HorizontalOffsetC i§ the horizontal
Sition of the centre of the top-left chroma sample relative to thé,centre of the top-left
its of luma samples and VerticalOffsetC is the vertical (y in Figure 5) position of the ¢
t chroma sample relative to the centre of the top-left lumasample in units of luma san

FIR filter design, when ChromaFormatldc is equal to@)(4:2:0 chroma format) or 2

e chroma format indicated by ChromaFormatldc.

X

:2:0

ed by
c and
(x in
luma
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[4:2:2
the
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atldc

Figure 5 — Location of the'top-left chroma sample when ChromaFormatldc is equal to 1 (4
chroma format) when Chroma420LocType is equal to 1
Table 3 — Definition of HorizontalOffsetC and VerticalOffsetC as a function of ChromaForm|
and Chroma420LocType
ChromaFormatldc |[Chroma4Z0LocType| HorizontalOffsetC VerticalOtisetC
1 (4:2:0) 0 0 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.

For SEI messages for Wthh the spec1f1ed syntax structure is empty, such as the dependent random

dCCeSS

payld
of spé

The s
for ed

NOTE

ad type 1nd1cator) 1s suff1c1ent to convey the associated 1nf0rmat10n (e g., by 1nd1cat'
pcified constraints are fulfilled).

emantics and persistence scope for each SEI message are specified in the semantics

ch particular SEI message.

Persistence information for SEI messages is summarized in Table 4.

Table 4 — Persistence scope of SEI messages

dicated by a
ng that a set

specification

SEI message

Persistence scope

Filler payload The PU-Containing the SEI message
User data registered by .
Rec. ITU-T T.35 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 hash

The PU containing the SEI message

Mastering display celour volume

The CLVS containing the SEI message

Colour transfornyinformation

Specified by the syntax of the SEI message

Content light level 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

Region-wise packing

Specified 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" refers to the CLVS containing the current picture. The association of an SEI message to a layer or
a picture is specified in a video coding specification that specifies a coded video bitstream with which

the SEI mesqages are used.
The values df some SEI message syntax elements, including fp_arrangement_id and omni_yviewpart_id,
are split int¢ two sets of value ranges, where the first set is specified as "may be used as determined
by the application”, and the second set is specified as "reserved for future use by FI'U-T | ISOJIEC".
Applicationg should be cautious of potential “collisions” of the interpretation for valiies’of these syntax
elements belonging to the first set of value ranges. Since different applicationsmight use thede IDs
having valudgs in the first set of value ranges for different purposes, particular_care should be exer|cised
in the desigh of encoders that generate SEI messages with these IDs having-values in the first et of
value rangeq, and in the design of decoders that interpret SEI messages with'these IDs. This docyment
does not define any management for these values. These IDs having-values in the first set of value
ranges mighf only be suitable for use in contexts in which "collisions"eftusage (i.e., different definjtions
of the syntax and semantics of an SEI message with one of these IDs*having the same value in the first
set of value [ranges) are unimportant, or not possible, or are managed - e.g., defined or managed in
the controlllng application or transport specification, or by\controlling the environment in which
bitstreams dre distributed.
8.2 Filler(payload SEI message
8.2.1 Filldr payload SEI message syntax
filler_paylodd( payloadSize ) { Descriptor
for( k = 0] k < payloadSize; k++)
ff byte /* equal to OxFF */ f(8)
}
8.2.2 Filldr payload SElmessage semantics
This SEI megsage contains a series of payloadSize bytes of value 0xFF, which can be discarded.
ff_byte shall be a byte having the value OxFF.
8.3 User data registered by Rec. ITU-T T.35 SEI message
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
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}

do {

itu_t_t35_payload_byte

b(8)

i++

} while( i < payloadSize )

}

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

This PET message contains user data registered as specified in Rec. ITU-T 1.35, the conte
are npt specified in this document.

itu_t|t35_country_code shall be a byte having a value specified as ,a- county
Rec. [TU-T T.35:2000, Annex A.

itu_t|t35_country_code_extension_byte shall be a byte having a value specified as a couy|
Rec. ITU-T T.35:2000, Annex B.

itu_t

The H
the fi
thati

|t35_payload_byte shall be a byte containing data registered ds’specified in Rec. ITU

fec ITU-T T.35 terminal provider code and terminal provider'oriented code shall be
Ir'st one or more bytes of the itu_t_t35_payload_byte, in the.format specified by the Ad
5sued the terminal provider code. Any remaining itu, t @85_payload_byte data shall be

nts of which

y code by

[ntry code by

-T T.35.

contained in
ministration
data having

syntgdx and semantics as specified by the entity identified by the Rec ITU-T T.35 country code and
terminal provider code.
8.4 |User data unregistered SEI message
8.4.1] User data unregistered SEI message syntax
user|data_unregistered( payloadSize,) { Descriptor
uyid_iso_iec_11578 u(128)
for(i=16;i < payloadSize;i++)
user_data_payload. byte b(8)
}
8.4.2] User datauinregistered SEI message semantics
This SEI message contains unregistered user data identified by a universal unique identjifier (UUID),
the cpntents of which are not specified in this document.
uuid_icn_int‘_1 1578 chall have o valye cpnr‘i{:inr‘] as 2 JUID ar‘rnvr‘]ing to the pu cedures of

ISO/IEC 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

8.5.1

Film grain characteristics SEI message

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_matrix—coeffs a8y
}
fg_blendjng_mode_id u(2)
fg_log2_gcale_factor u(4)

for(c=0§c<3;c++)

fg_comp_model_present_flag| c ] u(1)
for(c=04c<3;c++)

if( fg_comp_model_present_flag[ c] ) {

fg_num_intensity_intervals_minus1[ c | u(8)
fg_dum_model_values_minusl[ c] u(3)
for(fi = 0; i <= fg_num_intensity_intervals_minus1|[ c ]; i#4 ) {
fg_intensity_interval_lower_bound[c][i] u(8)
fg_intensity_interval_upper_bound[ c][i] u(8)
fqr(j = 0; j <= fg_num_model_values_minustj;c |; j++)
fg_comp_model_value[ c][i][]j] se(v)
}
}
fg_chafracteristics_persistence_flag u(1)

8.5.2 Filn grain characternistics SEI message semantics
This SEI megsage provides the decoder with a parameterized model for film grain synthesis.

NOTE1 Fof example, an encoder can use the film grain characteristics SEI message to characterize film|grain
that was pregent in the original source video material and was removed by pre-processing filtering technfiques.
Synthesis of gimulated film grain on the input images, which can be the decoded pictures or converted frgm the
decoded pictures, for the display process is optional and does not need to exactly follow the specified semantics
of the film grain characteristics SEI message. When synthesis of simulated film grain on the input images for the
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.

30 © ISO/IEC 2022 - All rights reserved


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

ISO/IEC 23002-7:2022(E)

— 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 grain characteristics SEI message are expressed for
application to decoded pictures that have 4:4:4 colour format with luma and chroma bit depths
corresponding to the luma and chroma bit depths of the film grain model and use the same colour
reprgsentation domain as the identified film grain model. When the colour format of thed¢coded video
is no{ 4:4:4 or the decoded video uses a different luma or chroma bit depth from that!of the film grain
moddl or uses a different colour representation domain from that of the identified film grdin model, an
unspegcified conversion process is expected to be applied to convert the decoded\pictureg to the form
that i expressed for application of the film grain model.

htion function
froma in order
ulate film grain for other chroma formats (4:2:0 or 4:2:2) rather thian-up-converting the decoded video
a method not specified in this document) before performing film grain generation.

fg_m
shall
by IT]
Deco

aracteristics_cancel_flag equal to 1 indicates that the.SEI message cancels the p
revious film grain characteristics SEI message in output order that applies to the ¢
hracteristics_cancel_flag equal to 0 indicates that film grain modelling information fo

pdel_id identifies the film grain simulation model as specified in Table 5. The value of
be in the range of 0 to 1, inclusive. The values ef.2 and 3 for fg_model_id are reserved fi
U-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of th
Hers shall ignore film grain characteristic'SEI messages with fg_model_id equal to 2 o

Table’5 — fg_model_id values

brsistence of
urrent layer.
llows.

fg_model_id
br future use
s document.
r 3.

Value Description
0 Frequency filtering
1 Auto-regression
fg_separate_colour_deScription_present_flag equal to 1 indicates that a distinct combination of luma
bit dgpth, chroma bitdepth, video full range flag, colour primaries, transfer characteristic$, and matrix
coefflcients for the.film grain characteristics specified in the SEI message is present in the film grain

chara
that
trang
mess

cteristics/SEI'message syntax. fg_separate_colour_description_present_flag equal t
the combination of luma bit depth, chroma bit depth, video full range flag, colou
fer characteristics, and matrix coefficients for the film grain characteristics specifi
hge are the same as indicated in VUI parameters for the CLVS.

0 indicates
r primaries,
bd in the SEI

NOTE

5

When fg_separate_colour_description_present_flag is equal to 1, any of the luma bit depth, chroma bit

depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients specified 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_bit_depth_luma_minus8 is inferred to be
equal to BitDepthy - 8.

The value of|fgBitDepth[ 0 ] is derived as follows:

fgBitDepth[ 0 ] = fg_bit_depth_luma_minus8 + 8 (16)
fg_bit_depth_chroma_minus8 plus 8 specifies the bit depth used for the Cb and!Cr"componefts of
the film grain characteristics specified in the SEI message. When fg_bit_depth_chtoma_minus8 |s not

present in the film grain characteristics SEI message, the value of fg_bit_depth_chroma_minys8 is
inferred to He equal to BitDepth. - 8.

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

fgBitDepth|[ c | = fg_bit_depth_chroma_minus8 + 8, withc=1, 2 (17)
fg_full_range_flag has the same semantics as specified in“subclause 7.3 for the vui_full_rang¢_flag
syntax element, except as follows:

— fg_full_rfange_flag specifies the video full range flagof the film grain characteristics specified |n the
SEI mesgage, rather than the video full range flag.used for the CLVS.

— When fg_full_range_flag is not present in:the film grain characteristics SEI message, the vajue of
fg_full_nange_flag is inferred to be equal to vui_full_range_flag.

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

— fg_coloufr_primaries specifies.the colour primaries of the film grain characteristics specified |n the
SEI mesgage, rather thanthe colour primaries used for the CLVS.

— When fg _colour_primariés is not present in the film grain characteristics SEI message, the vaJue of
fg_coloulr_primaries.is inferred to be equal to vui_colour_primaries.

fg_transfer|charaeteristics has the same semantics as specified in subclause 7.3 for the vui_trapsfer_
characteristjcssynitax element, except as follows:

— fg_transfer_characteristics Specifies the transfer characteristics of the tiim grain characteristics
specified in the SEI message, rather than the transfer characteristics used for the CLVS.

— 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

Depending on the value of fg_blending_mode_id, the blending mode is specified’as follows:

]

[ fg_blending_mode_id is equal to 0, the blending mode is additiveas specified by:

rainl 10X 10y 1= Clip3(0, (1 << fgBitDepth[c]) - 1, I[c I[xHyT+ Gl cI[x][y]) (18)

— (Qtherwise (fg_blending_mode_id is equal to 1), the blending-mode is multiplicative as $pecified by:

L ainl C10x [y ] = Clip3( 0, (1 << fgBitDepth[c]) - X[ c][x][y]+
Round((I[c1[x]1[y]*Glc1lx1[y]) + ((Ls=fgBitDepth[c])-1)))
]
[x

]

]

(19)

wherg 1] ¢ I[ x ][y ] represents the sample valug.at-coordinates x, y of the colour compopent c of the
input{image I, G[ ¢ ][ x ][ y ] is the simulated film-grain value at the same position and colouf component,
and fgBitDepth[ c ] is the number of bits:lised for each sample in a fixed-length unsigned binary
reprdsentation of the arrays lgram[ cl[xlfy L i[cl[x][y] and G[ 1[x][y ], where c £ 0.2, x = 0..
PicWjdthInLumaSamples - 1, and y = 0::RicHeightInLumaSamples -

fg_lop2_scale_factor specifies a scale factor used in the film grain characterization equations.

fg_cagmp_model_present_flag[\c’] equal to 0 indicates that film grain is not modelled on tHe c-th colour
component, where ¢ equal to~0'refers to the luma component, c equal to 1 refers to the Chj component,
and ¢ equal to 2 refers_te, the Cr component. fg_comp_model_present_flag[ c ] equal tq 1 indicates
that §yntax elements specifying modelling of film grain on colour component c are presejnt in the SEI
messpge.

When fg_separate: colour_description_present_flag is equal to 0 and ChromaFormatldc is equal to O,
the value of fg_comp_model_present_flag[1 ] and fg_comp_model_present_flag[2 | shall be pqual to 0.

fg_nuyny Intensity_intervals_minus1] c | plus 1 specifies the number of intensity intervalg for which a
specific.set of model values has been estimated.

NOTE 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 value
i[c [Y][y] is derived as (YR,}IR) = (YI/ Qly/ﬂ)

— Thefaverage value b,, of the current 8x8 block b is derived as follows:

sumB8x8 =0
for(li=0;i<8;i++)
fqr(j=0;j<8;j++) 20)
sum8x8 += [[c][xB*8+i][yB*8+j] i
bavg = Clip3( 0, 255, (sum8x8 + (1 << (fgBitDepth[c]-3))) >> ( fgBit-
Depth[c]-2))

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

for(Ji=0,j=0;i <= fg_num_intensity_intervals_minusl[ cJpi++)
if( b,,, >= fg_intensity_interval_lower_bound] c ][ i{ & &

a‘ll)gavg <= fg_intensity_interval_upper_boundf©o}i]) {
intensitylntervalldx[ c][x ][y ][j] =1 (21)
j++

}

numApplicablelntensitylntervals[ c ][ x ][ Y=

— Otherwise (fg_model_id is equal to 1), the value of intensitylntervalldx[ c ][ x ][ y ][ j ] is derivied as
follows:

Igl

8))

for(Ji=0,j=0;i <= fgnum_intensity_intervals_minusl[ c ]; i++)

if{ Ig[ c][x][y ] #>-fg_intensity_interval_lower_bound[c][i] && 22)
Ig[ c ][ xJhy]} <= fg_intensity_interval_upper_bound[c][i]) { i

intensityntervalldx[ c][x][y][j] =i

j++

11x][y]=(fgBitDepth[¢J¥= 8)?(I[c][x][y]:
Clip3( 0, 255, (I[c][x{[y] + (1 << (fgBitDepth[c]-9))) >> (fgBitDepth[c] -

Q

}

nunjApplicablelntensitylntervals[ c][x ][y ] =]

Samples that do not fall into any of the defined intervals (i.e., those samples for which the value of
numApplicablelntensitylntervals[ c ][ x ][ y ] is equal to 0) are not modified by the grain generation
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[ ¢ ][ 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:

wherp Q[ c ] is a two-dimensional random process generated by filtéring 16x16 blocks g
rand
and i
wherg the value of an element G[ c = 1 ][ x ][ y | used in the night-hand side of the equation {

If fg_model_id is equal to 0, a frequency filtering model enables simulating the original film grain for

d=0..2,x = 0..PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples - 1 as

[f fg_model_id is equal to 0, a frequency filtering model enables simulating the original f

Glc-1][x][y])>>fg_log2_scale_factor

m-value elements gaussRvy; generated with a normalized_Gaussian distribution
Hentically distributed Gaussian random variable samples‘with zero mean and unity v

kpecified by:

ilm grain for

(= 0..2,x =0..PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples - 1 as ppecified by:
Glcllx]1ly]= (fg_comp_model value[ c][s;][0]*Q[c][x][y]+
fg_comp_model _value[ c][s;][5]* (23)

aussRv with
independent
ariance) and
s inferred to

be equal to 0 when c - 1 is less than 0.

NOTH7 A normalized Gaussian random variable can be generated from two independent, uniformly
distriputed random values over the interval from 0 to 1'(and not equal to 0), denoted as uRv, and ufRv;, using the
Box-Muller transformation specified by:

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

wherg mis Archimedes' constant 3.141 592 653 589 793....

The Band-pass filtering of blocks gaussRv can be performed in the discrete cosine trangform (DCT)

domdin as follows:

fpor(y=0;y < 16; y++)
for(x=0;x < 16; x++)

if( (x < fg_eomp_model _value[ c][ sj][3] && y <
fg_comp_mogdel: value[ c ][ sj ][4]) | |
x>{fg_comp_model_value[ c][sj][1] || y >
fg_compxmodel_value[ ¢ ][ sj 1[2])
gaussRv[x][y]=0
filteredRv = IDCT16x16( gaussRv )

(25)

where IDCT16x16( z ) refers to a unitary inverse discrete cosine transformation (IDCT) 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)7?1:Sqrt(?2 i*(2*j+1)*
ri-:((1 ) art( )*Cos : ( ) )*m (27)
) 4 32
where m is Archimedes' constant 3.141 592 653 589 793....
35
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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
film grain for ¢ = 0..2, x = 0..PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples - 1 as
specified by:

G[c][x][y]=(fg_comp_model_value[ c][sj][ O] *n[c
fg_comp_model_value[ c][sj][1] *(G[c][x-1][y]
( (fg_comp_model _value[ c][sj][4] *G[c][x][y-1
fg_ldg2_scale_factor ) ) + fg_comp_model_value[ c ][ sj
(( (tg_comp_model_value[ c][sj][4] *G[c][x-1][
fg_ldg2_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 J{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

where n[ c [ x ][ y ] is a random value with normalized Gaussian distribution (independenf and
identically djistributed Gaussian random variable samples with~Zzero mean and unity variance for each
value of ¢, x,Jand y) and the value of an element G[ c ][ x ][ y (us€d in the right-hand side of the equation
is inferred t¢ be equal to 0 when any of the following conditions are true:

— cislessthan 0,
— xislessthan 0,
— yislessthan 0.

fg_comp_moldel_value[ c][1][ O ] provides-the first model value for the model as specified by fg_model_
id. fg_comp_model_value[ c ][ i][ O ] coxresponds to the standard deviation of the Gaussian noise tefm in
the generatipn 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_id. Wlhen fg_model_id,is equal to 0, fg_comp_model_value[ c ][ i ][1 ] shall be greater thpn or
equal to 0 and less than 16:

When not present in the film grain characteristics SEI message, fg_comp_model_value[ ¢ ][ i ]]1 ] is
inferred as fpllowst

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

— Otherwise (fg_model_id is equal to 1), f{g_comp_model_value[ c][i][1 ] 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:

model_value[ c][i][1]

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

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

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

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

If fg_model_id is equal to 0, fg_comp_model_value[ c][i][2 ] indicates the vertical high cut frequency

therwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][2 ] indieate
rrelation between consecutive colour components.

fg_comp_model_value[ c][i][3 ] provides the fourth model value for the model as specified
id. When fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][3 ] shall be greater than
and less than or equal to fg_comp_model_value[ c ][i][1 ]

When not present in the film grain characteristics SEI message, fg. omp_model_value[

infer

fg_co

et

f]

(
S

fg_co
id. W|
and 1

‘ed to be equal to 0.

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

F fg_model_id is equal to 0, fg_comp_model_value[,c{]"i ][3 ] indicates the horizo
Fequency to be used to filter the DCT of a block of 16X16 random values.

patial correlation for neighbouring samplesi{%=1,y-1)and (x+1,y-1).

hen fg_model_id is equal to 0, fg_comp, model_value[ c ][ i ][4 ] shall be greater than
bss than or equal to fg_comp_model&alue[ c][i][2 ].

When not present in the film grain‘.¢haracteristics SEI message, fg_comp_model_value[

infer

fg_co

- —

[an)

t

fg_co
id.

red to be equal to fg_model jid-
np_model_value[ c ][ i][4/] is interpreted as follows:

Ffg_model_id is egual to 0, f{g_comp_model_value[ ¢ ][ i][4 ] indicates the vertical low ¢
b be used to filterrthe DCT of a block of 16x16 random values.

therwise ffg-model_id is equal to 1), f{g_comp_model_value[ c ][ i ][4 ] indicates the a{
he modelled grain.

mp._moedel_value[ ¢ ][i][5 ] provides the sixth model value for the model as specified

mp_model_value[ c ][ i ][4 ] provides thefifth model value for the model as specified |

5 the colour

by fg_model_
br equal to 0

c[[1][3]is

ntal low cut

therwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][3 ] indicates thfe first order

by fg_model_
br equal to 0

cll[i][4]1is

ut frequency

pect ratio of

by fg_model_

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

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

C

S

onsecutive colour components.

patial correlation for neighbouring samples (x,y -2 ) and (x-2,y).

Iffg_model_id is equal to 0, f{g_comp_model_value[ c][1][5 ] indicates the colour correlation between

Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][5 ] indicates the second order

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.

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

8.6 Frame packing arrangement SEI message

8.6.1 Frarpe packing arrangement SEI message syntax

frame_pack|ng_arrangement( payloadSize ) { Descriptor
fp_arrangement_id ue(v)
fp_arranlg,ement_cancel_flag u(1)
if( 'fp_arfangement_cancel_flag ) {
fp_arrangement_type u(7)
fp_quipcunx_sampling_flag u(1)
fp_content_interpretation_type u(6)
fp_spaltial_flipping_flag u(1)
fp_fraineO_flipped_flag u(1)
fp_field_views_flag u(1)
fp_curgrent_frame_is_frame0_flag u(1)
fp_frame0_self_contained_flag u(1)
fp_frahe1_self_contained_flag u(1)
if( 'fp_quincunx_sampling_flag && fp_arrangement_type !=5) {
fp_frameO_grid_position_x u(4)
fp_frameO_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_arrangement_persistence_flag {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
invariant with respect to whether a picture is a single field of such a packed frame or is a complete
packed frame.

of the frame
0to232-2,

fp_anrangement_id contains an identifying number that may be used to identify the usagé
packing arrangement SEI message. The value of fp_arrangement_id shall be in the nange of
inclusive.

Value

as de
to 23
fp_ar]

s of fp_arrangement_id from 0 to 255, inclusive, and from 512 to 231 <\1}‘inclusive,
fermined by the application. Values of fp_arrangement_id from 256 t6*511, inclusive,
F — 2, inclusive, are reserved for future use by ITU-T | ISO/IEC. Decoders encounteri
rangement_id in the range of 256 to 511, inclusive, or in the range-of 231 to 232 - 2, in

may be used
hind from 231
hg a value of
clusive, shall

ignorfe it.

fp_angrangement_cancel_flag equal to 1 indicates that the SEl‘message cancels the persiy
previpus frame packing arrangement SEI message in output-order that applies to the curr
arrarjgement_cancel_flag equal to 0 indicates that frame¢acking arrangement informatior

tence of any
ent layer. fp_
follows.

fp_anrangement_type identifies the indicated intetpretation of the sample arrays o
cropped decoded picture as specified in Table 7.

[ the output

bed decoded
nding to the
irrangement

When fp_arrangement_type is equal to 3 or\4,éach component plane of the output crop
pictufe contains all samples (when ffi_field, pic_flag is equal to 0) or the samples correspc
top of bottom field (when ffi_field_pic_flagis equal to 1) of the samples of a frame packing

strucfure.

Table' 7 — Definition of fp_arrangement_type

Valge Interpretation

f corre-
10.

f corre-

The frame packingarrangement structure contains a side-by-side packing arrangement d
sponding planes bf two constituent frames as illustrated in Figure 6, Figure 7 and Figure

The frameypacking arrangement structure contains a top-bottom packing arrangement o
spondingplanes of two constituent frames as illustrated in Figure 8 and Figure 9.

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

NOTH 2.V Figure 6 to Figure 10 provide typical examples of rearrangement and upconversion pgrocessing for
various 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_quincunx_sampling_flag equal to 1 indicates that each colour component plane of each constituent
frame is quincunx sampled as illustrated in Figure 10 and fp_quincunx_sampling_flag equal to 0

indicates thd

When fp_ar
quincunx_sa

NOTE6 Fo
applicable) is

fp_content_
specified in ]

t the colour component planes of each constituent frame are not quincunx sampled-
Fangement_type is equal to 5, it is a requirement of bitstream conformange) th:
mpling_flag shall be equal to 0.

quincunx sampled as illustrated in Figure 10 when fp_quincunx_sampling_flagiis equal to 1.

interpretation_type indicates the intended interpretation of the constituent fram
[able 8. Values of fp_content_interpretation_type that do not appéar in Table 8 are res

for future specification by ITU-T | ISO/IEC and shall not be present in bitstreams conforming t
s document. Decoders shall ignore frame packing arrangement SEI messages that contain
jues of fp_content_interpretation_type.

edition of th
reserved val

For each sp
referred to 4

pcified frame packing arrangement scheme, there‘are two constituent frames tha
s frame 0 and frame 1.

Table 8 — Definition of fp_content_interpretation_type

it fp_

I any chroma format (monochrome, 4:2:0, 4:2:2 or 4:4:4), the luma plane and edch'¢chroma plane (as

es as
brved
b this

t are

Value

Interpretation

Unknown or unspecified relationship between the frame packed constituent frames

In
fr

icates that the two constituent frames form the left and right views of a stereo view scene, W
hme 0 being associated with the left view and frame 1 being associated with the right view

rith

In
fr

dicates that the two constituent frames form the right and left views of a stereo view scene, W
hme 0 being associated withjthe right view and frame 1 being associated with the left view

rith

NOTE7 Th
SEI message.

fp_spatial_f|
the two con
such purpos

When fp_ari

e value 2 for fp_content: interpretation_type is not expected to be prevalent in industry use
However, the value.was specified herein for purposes of completeness.

lipping_flag.equal to 1, when fp_arrangement_type is equal to 3 or 4, indicates that ¢
tituent frames is spatially flipped relative to its intended orientation for display or
PS.

anigement_type is equal to 3 or 4 and fp_spatial_flipping_flag is equal to 1, the ty

bf this

ne of
other

pe of

spatial flipp
— Iffp_arr

ng thatisindicated is as follows:

angement_type is equal to 3, the indicated spatial flipping is horizontal flipping.

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.
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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
fields of a particular parity are considered a first constituent frame and all fields of the opposite parity

are C

field_
ITU-T

fp_cy
curre

fram
time
to 5,

in ou
delay]

When fp_arrangement_type is not equal to 5, the constituent frame associated with
left s

fram

requirement of bitstream conformance that fp_current_frame_is_frame0_flag shall be equ
fp_arfangement_type is not equal to 5, the value 1for fp_current_frame_is_frame0_flag is
future use by ITU-T | ISO/IEC. When fp_arrangement_type is not equal to 5, decoders sha
valug of fp_current_frame_is_frame0_flag.

fp_frameO_self_contained_flag equal to-l' indicates that no inter prediction operation

deco
fram
with
tosa
fram

fp_fr

decodling process forthe samples of constituent frame 1 of the CLVS refer to samples of any

l

fram
with
tosa
fram

When fp-quincunx_sampling_flag is equal to 0 and fp_arrangement_type is not equal to §

b

b

onsidered a second constituent frame. It is a reauirement of bitstream conformance
T

that the fp_

views_flag shall be equal to 0, the value 1 for fp_field_views_flag is reserved fof |f]
| ISO/IEC and decoders shall ignore the value of fp_field_views_flag.

rrent_frame_is_frame0_flag equal to 1, when fp_arrangement is equal to\5; indic
nt decoded frame is constituent frame 0 and the next decoded frame in qutput order i
e 1 and the display time of the constituent frame 0 should be delayed toycoincide wit

ndicates that the current decoded frame is constituent frame 1 @nd the previous de
Eput order is constituent frame 0 and the display time of the eOnstituent frame 1 s
ed for purposes of stereo-view pairing.

bmple of the decoded frame is considered to be constituent frame 0 and the other
e is considered to be constituent frame 1. Whenp. arrangement_type is not equa

ing process for the samples of constituent frame 0 of the CLVS refer to samples of anj

e 1. fp_frameO_self_contained_flag equal to 0 indicates that some inter predictiol
the decoding process for the Samples of constituent frame 0 of the CLVS might or m
ples of some constituentfrdme 1. Within a CLVS, the value of fp_frame0_self_contain
e packing arrangement SEI messages shall be the same.

hmel_self_containied_flag equal to 1 indicates that no inter prediction operation

e (. fp_framel _self_contained_flag equal to 0 indicates that some inter predictio
the decoding process for the samples of constituent frame 1 of the CLVS might or m
ples of(some constituent frame 0. Within a CLVS, the value of fp_frame1_self_contain
e packing arrangement SEI messages shall be the same.

iture use by

htes that the
5 constituent
h the display

bf constituent frame 1. fp_current_frame_is_frame0_flag equal to 0, when fp_arrangemnent is equal

coded frame
hould not be

the upper-
constituent
to 5, it is a
il to 0. When
reserved for
1l ignore the

5 within the
y constituent
1 operations
ght not refer

d_flaginall

s within the
y constituent
operations
ht not refer
ed_flag in all

,two (x,y)

coordinate pairs are specified to determine the indicated luma sampling grid alignment for constituent
frame 0 and constituent frame 1, relative 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.

© ISO/IEC 2022 - All rights reserved 41


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

ISO/IEC 23002-7:2022(E)

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:

sampling grid alignment specified as follows:

If the ( x, y ) coordinate pair for a constituent frame is equal to ( 0, 0 ), this indicates a default

If f{]
coo}

Oth
(%)

Otherwi
the sam
this doc

Otherwi
vertical
rectang
sixteent

_arrangement_type 1s equal to 3, the 1ndicated position 1s the same as for the{
dinate pair value ( 4, 8 ), as illustrated in Figure 6.

brwise (fp_arrangement_type is equal to 4), the indicated position is the same’as fc
) coordinate pair value ( 8, 4 ), as illustrated in Figure 8.

se, if the (x,y ) coordinate pair for a constituent frame is equal to ( 15, 153, this indicate]
bling grid alignment is unknown or unspecified or specified by other means not specif
iment.

se, the x and y elements of the ( X, y ) coordinate pair specifyythe indicated horizont3
sampling grid alignment positioning to the right of and below the upper left corner
hlar area represented by the corresponding constituentframe, respectively, in units ¢

constituent frame that are present in the decoded frame(prior to any upsampling for displ

other pu

NOTE9 Th
fp_framel_gr
is equal to 1
constituent fn

in Figure 10.

rposes).

e spatial location reference information fp_frame0_grid_position_x, fp_frame0_grid_posit
d_position_x, and fp_framel_grid_position~y~is not provided when fp_quincunx_samplin|
because the spatial alignment in this case.is assumed to be such that constituent frame
ame 1 cover corresponding spatial areaswith interleaved quincunx sampling patterns as illus

fp_arrangement_reserved_byte is reserved for future use by ITU-T | ISO/IEC. It is a requirem

bitstream cd
values of fp_|
ignore the v4

nformance that the value of‘\fp_arrangement_reserved_byte shall be equal to 0. All
arrangement_reserved (byte are reserved for future use by ITU-T | ISO/IEC. Decoders
\lue of fp_arrangement_reserved_byte.

fp_arrangement_persistence )Jflag specifies the persistence of the frame packing arrangemer

message for

fp_arrangen;
applies to th

fp_arrangen;

the current layer:

ent_persistence_flag equal to 0 specifies that the frame packing arrangement SEI me
e current.decoded frame only.

ent, persistence_flag equal to 1 specifies that the frame packing arrangement SEI me

K, V)

r the

s that
ied in

] and
bf the
fone

h of the luma sample grid spacing between the samples of the columns and rows ¢f the

ay or

ion_y,

o flag
0 and
rated

bnt of
other
shall

t SEI

ssage

ssage

applies to the current decoded picture and persists all thqpr}npnf pictures of the current la
output order until one or more of the following conditions are true:

rer in

A new CLVS of the current layer begins.

The bitstream ends.

output that follows the current picture in output order.

A picture in the current layer in an AU associated with a frame packing arrangement SEI message is

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]|Xx|xX]X
X X X X XTXTXIX | X|X|X]|X
X X X X X | XA XX [ x| x| x|x
X X X X .| Upconversion XXX x| x| x| x
2 . 7z
X X X X processing XWX [ x|[x|[x]|x|x]|x
X X X X X | X[ x|[x|[x]|x|x]|x
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Samples of colour
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Figure 6 — Flowchartfor rearrangement and upconversion of side-by-side pa¢king
arrangement with fp.arrangement_type equal to 3, fp_quincunx_sampling_flag equal to 0 and
(X,y) equalto (0,0) or (4, 8) for both constituent frames

© ISO/IEC 2022 - All rights reserved 43


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

ISO/IEC 23002-7:2022(E)

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| x| x| x|x|x|x
X X X X Upconversion x| x| x| x| x| x| x| x
X X X X processing “Ix Ix 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
x| x|x!/xlolololo X X X X X|X|X|X|X|X|X]|X
X x| x|xjojojojo Samples of colour Upconverted colour
X|x|x|x|o|lo|o|o comp-onentplaneof component plane of
x I xlx!/xlolololo Side-by-side constituent frame 0 constituent frame 0
packing
X[ x| X | X|9qjojojo rearrangement
X|x|x|x|d|o|o]|o
x|x|x|x|[d|o|o]|o
o o 0 o olo|o|lojj,o|ollo]o
X|x|x|x|d|o|o]|o
o o o o o|o|o\d|o|ollo]o
Interleaved|colour ° o o o otblolololollo]o
component fplane of
a side-by-sid¢ packed 0 0 0 o Upconversion |ojyo|ojojo|o|fo|o
decoded ffame o o o o processing A lbd|ololololollo]o
o 0 o o ojojo|o|o|ollo]o
o o o o o|o|o|lojo|ol|lo]|o
o o o o ojlojo|o|o|ollo]o
Samples of colour Upconverted coloyir
component plane of component plane pf
constituent frame 1 constituent frame|(1
Figure 7 — Flowchart for rearrangement and upconversion of side-by-side packing
arrangément with fp_arrangement_type equal to 3, fp_quincunx_sampling_flag equal tp
0, (x,y|) equal to (12, 8) for constituent frame.0'and ( x,y) equal to (0,0) or ( 4, 8) for
constituentframe 1
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Figure 8 — Flowchart for rearrangement and upcenversion of top-bottom packing arrangement
with| fp_arrangement_type equal to 4, fp_quincunx_sampling_flag equal to 0 and ( x,|ly ) equal 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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Figur

e 10 — Flowchart for rearrangement and upconversion of side-by-side packing
arrangement with quincunx sampling (fp_arrangenient_type equal to 3 with fp_quincun|
sampling_flag equal to 1)
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gure 11 — Flowchart for rearrangement of a temporal interleaving frame arranpgement
(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. indication( payloadSize ) { Diescriptor

pdii_self_contained clvs_flag u(1)

8.7.2] Parameter sets inclusion indication SEI message semantics

This [message provides an indication of whether the CLVS contains all the required NAL units for
decoding’the CLVS thatis associated with the SEI message and whether temporal sublayer tip-switching
within the CLVS works without a need of fetching parameter sets from PUs earlier in decoding order
than the PU containing the picture at which the temporal sublayer up-switching occurs. When the CLVS
does not contain all the required 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 0 indicates that this property might or might not apply.

8.8 Decoclled picture hash SEI message

8.8.1 Decpded picture hash SEI message syntax

decoded_pi¢ture_hash( payloadSize ) { Descriptpr
dph_sei_hash_type u(8)
dph_sei_pingle_component_flag u(1)
dph_sei_freserved_zero_7bits u(7)

for( cldx # 0; cldx < ( dph_sei_single_component_flag ? 1 : 3 ); cldx+%)
if( dph| sei_hash_type==0)
for(fi=0;i<16;i++)

dph_sei_picture_md5[ cldx ][ i ] b(8)
else if(dph_sei_hash_type==1)
dph| sei_picture_crc[ cldx | u(16)
else if(dph_sei_hash_type==2)
dph| sei_picture_checksum| cldx ] u(32)

}

8.8.2 Decpded picture hash SEI message semantics
This messagp provides a hash foreach colour component of the current decoded picture.
Use of this SEI message requires the definition of the following variables:

— Apictur¢widthandpictureheightinunitsoflumasamples,denotedhereinbyPicWidthInLumaSainples
and PicHeightInkumaSamples, respectively.

— A chroma fofmat indicator, denoted herein by ChromaFormatldc, as described in subclause 7.8.

— A bit désth—fer—the—samples—oftheJuma—componen £ danotad harain l“y RitDanth andwvhen
CPp—T ot C—oTatiT Preo— o C—Taho o p ot atnotC o CroraT Do Cptiy, ot
ChromaFormatldc is not equal to 0, a bit depth for the samples of the two associated chroma
components, denoted herein by BitDepth,.

— 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 ]3> 8
}

dataLen[ cldx ] = iLen

}

where ComponentSample|[ cldx ] is a 2-dimension array of the decoded sample values of a gomponent of
a decpded picture.

dph_pei_hash_type indicates the method used to calculate the checksum as specified in Table 9 . Values
of dph_sei_hash_type that are not listed in in Table 9 are-reserved for future use by ITU-T |[[SO/IEC and
shall not be present in payload data conforming to this edition of this document. Decoderq shall ignore
decodled picture hash SEI messages that contain reserved values of dph_sei_hash_type.

Table 9 — Interpretation of dph_sei_hash_type

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

dph_gkei_single_componernt_flag equal to 1 specifies that the picture associated with [the decoded
pictufe hash SEI message-contains a single colour component. dph_sei_single_component [flag equal to
0 spekifies that the picture associated with the decoded picture hash SEI message contains|three colour
components. The valire of dph_sei_single_component_flag shall be equal to ( ChromaFormdtldc ==0).

dph_pei_reserved_zero_7bits shall be equal to 0. Values greater than 0 for dph_sgi_reserved_
zero_[7bits areé reserved for future use by ITU-T | ISO/IEC and shall not be present in payload data
confgrming to this edition of this document. Decoders conforming to this edition of this dofument shall
ignorje'the 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

pictureData[ cldx ][ dataLen[cldx]]=0

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

for( bitldx = 0; bitldx < ( dataLen[ cldx] + 2 ) * 8; bitldx++ ) {

dataByte = pictureData[ cldx ][ bitldx >> 3]
crcMsb =(crc > 15) &1

bitVal = (dataByte >> (7 - (bitldx&7))) &1
crc=(((crc << 1)+ bitVal ) & 0xFFFF ) * ( crcMsb * 0x1021 )

crcval[ cldx ] = crc

(31)

NOTE The same CRC specification is found in Rec. ITU-T H.271.
dph_sei_pickure_checksum| cldx ] is the checksum of the colour component cldx of the’de¢oded
picture. Thevalue of dph_sei_picture_checksum| cldx | shall be equal to the value of checKsumVal[ cldx |
obtained as follows:
sum =0
for(y =0; y < compHeight[ cldx |; y++)
for( x|= 0; x < compWidth[ cldx [; x++ ) {
xofMask = (x & OxFF ) * (y & OxFF) * (x >> 8) " (y >> 8)
sumh = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ eld%/] + x ] & 0xFF ) *
YorMask ) ) & OxFFFFFFFF (32)
if( fFompDepth[ cldx] > 8)
gum = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ cldx ] +x] >> 8) "
xorMask ) ) & OxFFFFFFFF
}
checksumVal[ cldx | = sum
8.9 Mastering display colour volume SEI message
8.9.1 Mastering display colour volume SEI message syntax
mastering_display_colour_volume( payloadSize ) { Descriptor
for(c=0fc<3;c++){
mdcv_fisplay_primaries x| c ] u(16)
mdcv_display_primaries_y| c ] u(16)
}
mdcv_white_point) x u(16)
mdcv_wlhite_point_y u(16)
mdcv_qu_display_mastering_luminance u(32)
mdcv_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.

mdcy_display_primaries_x[ c |, when in the range of 5 to 37 000, inclusive, specifies the normalized
x chrjpmaticity coordinate of the colour primary component c of the mastering displdy, pccording to
the C[E 1931 definition of x as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664:3 anid CIE 15), in
increments of 0.00002. When mdcv_display_primaries_x| c ] is not in the range of 5 to 37 0p0, inclusive,
the nprmalized x chromaticity coordinate of the colour primary component ¢-0f the mastg¢ring display
is unknown or unspecified or specified by other means not specified in this decument.

mdcy_display_primaries_y[ c |, when in the range of 5 to 42 000, inglusive, specifies the normalized
y chrjomaticity coordinate of the colour primary component c of tie mastering display, pccording to
the CJIE 1931 definition of y as specified in ISO/CIE 11664-1 (see-also ISO/CIE 11664-3 and CIE 15), in
increments of 0.00002. When mdcv_display_primaries_y[ c ] is netin the range of 5 to 42 000, inclusive,
rmalized y chromaticity coordinate of the colour primary component c of the mast¢ring display
nown or unspecified or specified by other means not specified in this document.

scribing mastering displays that use red, green,"and blue colour primaries, it is suggested that
value c equal to 0 should correspond to theigreen primary, c equal to 1 should cgrrespond to
the blue primary, and c equal to 2 should correspond to the red colour primary specified in the VUI

aticity coordinate of the white poitit of the mastering display, according to the CIE 1981 definition
of x gs specified in ISO/CIE 11664-1 {see also ISO/CIE 11664-3 and CIE 15), in normalized increments
of 0.J0002. When mdcv_white_point_x is not in the range of 5 to 37 000, inclusive, the qormalized x
chromaticity coordinate of the White point of the mastering display is indicated to be unknown or
unspecified or specified by other means not specified in this document.

mdcy_white_point_y, when in the range of 5 to 42 000, inclusive, specifies the nprmalized y
chrompaticity coordinatelof the white point of the mastering display, according to the CIE 1981 definition
of y gs specified in ISQ/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized increments
of 0.00002. Wheirmdcv_white_point_y is not in the range of 5 to 42 000, inclusive, the normalized y
chromaticity .ccdordinate of the white point of the mastering display is indicated to be unknown or
unspecified-orspecified by other means not specified in this document.

NOTH 15 /SMPTE ST 2086 specifies that the normalized x and y chromaticity coordinate values for fhe mastering
dlSpl Y cotott 1523 Hartesatd-white puiut are-tober ept esented-with-fotr-decimat pla\,co. This-wotdd Correspond
with using values of the syntax elements mdcv_display_primaries_x[ c ], mdcv_display_primaries_y[ c ], mdcv_
white_point_x, and mdcv_white_point_y, as defined in this document, that are multiples of 5.

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_min dlsplay_mastermg lumlnance when in the range of 1 to 50 000 spec1f1es the nommal
minimum digT T ' i 0 e Metre.
When mdcv |min_display_ mastermg lumlnance isnotin the range of 1 to 50 000 the nominal mak{mum
display lumipance of the mastering display is unknown or unspecified or specified by other\means not
specified in [this document. When mdcv_max_display_mastering_luminance is equal t0.50.000, mdcv_
min_display|mastering_luminance shall not be equal to 50 000.

NOTES5 SMPTE ST 2086 specifies that the nominal minimum display luminance of themastering displal is to
be specified gs a multiple of 0.0001 candelas per square metre, which corresponds to the'Semantics specified in
this document.

NOTE 6  An example of the use of values outside the range for which semantics\are specified in this dociment
is that ANSI/(TA 861-G uses the value 0 for the nominal minimum display luminance of the mastering display to
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 in
this documenit is that SMPTE ST 2086 indicates that values outside,the specified range could be used to inflicate
that the blacl{ level and contrast of the mastering display have.béen adjusted using picture line-up genefation
equipment (PLUGE).

At the minimpum luminance, the mastering display is\censidered to have the same nominal chromaticity
as the white|point.

8.10 Content light level information SEI message

8.10.1 Confent light level information’SEI message syntax

content_light_level_info( payloadSize ) { Descriptor
clli_max_content_light_level u(16)
clli_m]lx_pic_average_light_level u(16)

}

8.10.2 Content(ight level information SEI message semantics

This SEI PRy 1 D SR | T I el Lo Tioloal 1. c4 s f
1S messagetaentres upper oouias o tire iromiirar tar get origntress gt rever or tnepietures o

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 Ey, E¢, and Eg to the corresponding CIE 1931 luminance, the CIE 1931 luminance at a location
could in some cases be less than the indicated light level. This situation would occur, for example, when E and E;
are vervsmall and FD is ]:\rgp inwhich case the indicated lighf level would be much l:n'gpr than the true CIE 1931

luminfance associated with the ( Eg, E, Eg ) triplet.

All cdntent light level information SEI messages that apply to the same CLVS shall have the same content.

clli_n
level

inten
metr

clli_n
averg
inten
squat

nax_content_light_level, when not equal to 0, indicates an upper boundjon the ma
among all individual samples in a 4:4:4 representation of red, green;sand blue col
Sities (in the linear light domain) for the pictures of the CLVS, inAinits of candela
. When equal to 0, no such upper bound is indicated by clli_max_contént_light_level.

nax_pic_average_light_level, when not equal to 0, indicatesan upper bound on t}
ge light level among the samples in a 4:4:4 representation.of red, green, and blue col
sities (in the linear light domain) for any individual picture of the CLVS, in units of
e metre. When equal to 0, no such upper bound is indieated by clli_max_pic_average_

ximum light
our primary
5 per square

e maximum
our primary
randelas per
light_level.

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 tg

decodled picture, the indicated average should be performed only within the visually relev

8.11

8.11

Dependent random access point indication SEI message

[l Dependent random access peint indication SEI message syntax

ller cropped
int region.

dependent_rap_indication( payloadSize ) { Descriptor

}

8.11.2 Dependent random access point indication SEI message semantics

The picture associated with a dependent random access point (DRAP) indication SE] message is
referred to as a/DRAP picture.

The presenceof the DRAP indication SEI message indicates that the constraints on pjicture order
and picture referencing specified in this subclause apply. These constraints can enable a decoder to
prop¢rly-decode the DRAP picture and the pictures that are in the same layer and folldgw it in both

decoding order and output order without needing to decode any other pictures in the same layer 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 fol

lows:

The DRAP picture is a trailing picture.

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

picture lists except the associated IRAP picture of the DRAP picture.

The DRAP picture does notinclude any pictures in the same layer in the active entries of its reference

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 as

sociated 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
preferred_transfer_characteristics u(8)

}

8.12.2 Altefnative transfer characteristics SEI message semantics

The alternat

transfer_chajracteristics syntax element that is indicated by the colour description/ syntax d
fers. This SEI message is intended to be used in cases when some yalue of vui_trapsfer_

VUI parame
characterist
vui_transfer
that other v
by decoders
had not yet &

When an alf
particularla
SEIl message
persists for
All alternati
content.

preferred_t
characterist
for preferre
syntax elem
to the value
the value of]
indicated by

8.13 Ambi

8.13.1 Ambient viéwing environment SEI message syntax

ive transfer characteristics SEI message provides a preferred alternative wvalue fqg

cs is preferred for interpretation of the pictures of the CLVS although“some other va
| characteristics could also be acceptable for interpretation of thé pictures of the CLV
lue is provided in the colour description syntax of the VUI parameters for interpret
that do not support interpretation of the preferred value (e(g.) because the preferred
een defined in a previous edition of this document).

ernative transfer characteristics SEI message is present for any picture of a CLVS
yer and the first picture of the CLVSis an IRAP pictufe,an alternative transfer character
shall be present for that IRAP picture. The alterhative transfer characteristics SEI me
the current layer in decoding order from thé. current picture until the end of the

e transfer characteristics SEI messages that apply to the same CLVS shall have the

ransfer_characteristics specifiesa* preferred alternative value for the vui_trai
cs syntax element of the colour description syntax of the VUI parameters. The sem4
1_transfer_characteristics are.6therwise the same as for the vui_transfer_character
bnt specified in the VUI parameters. When preferred_transfer_characteristics is not
of vui_transfer_characteristics indicated in the VUI parameters, decoders should i
vui_transfer_characteristics indicated in the VUI parameters and instead use the
preferred_transfer_tharacteristics.

ent viewing environment SEI message

r the
f the

lue of
S and
ation
value

b of a
istics
ssage
CLVS.
same

sfer_
Intics
istics
equal
bnore
value

ambient_vid

wing-environment( payloadSize ) { Descrip

for

£

ambient-

=11 -
INTUIIIIIAdIICT uio4)

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 environment for the display of the associated video content. The syntax elements of the
ambient 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 t
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hose 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 environment in
unitsef0.0001 lux amhinn‘l’_i”nminnhrn shall notbhe nqna] to 0

ambient_light_x and ambient_light_y specify the normalized x and y chromati¢ity [coordinates,
respdctively, of the environmental ambient light in the nominal viewing environment,“acc¢rding to the
CIE 1P31 definition of x and y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in
normfalized increments of 0.00002. The values of ambient_light_x and ambient dight_y sHall be in the
range of 0 to 50 000.

NOTH For example, the conditions identified in Rec. ITU-R BT.2035 could  be expressed uging ambient_
illuminance equal to 100 000 with background chromaticity indicating Dgs-(ambient_light_x equal to 15 635,

ambignt_light_y equal to 16 450), or optionally in some regions, background chromaticity ipdicating Dg;
(ambifent_light_x equal to 14 155, ambient_light_y equal to 14 855).

8.14| Content colour volume SEI message

8.14.1 Content colour volume SEI message syntax

content_colour_volume( payloadSize ) { Descriptor

cqgv_cancel_flag u(1)

if(|!ccv_cancel_flag ) {
ccv_persistence_flag u(1)
ccv_primaries_present_flag u(1)
ccv_min_luminance_value_present_flag u(1)
ccv_max_luminance:value_present_flag u(1)
ccv_avg_luminance: value_present_flag u(1)
ccv_reserved (zero_2bits u(2)

if( ccv_printaries_present_flag)
for(d=)0;c<3; c++){

cev_primaries_x[ c ] i(32)
ccv_primaries_y[ c ] i(32)
}
if( ccv_min_luminance_value_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;

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

The content|colour volume SEI message shall not be present, and decoders shall ignore it, when gny of
the following conditions is true:

— Any of the values of transferCharacteristics, vui_colour_primaries, and vui_matrix_coeffs has a
value defined as unknown or unspecified.

— The valye of vui_transfer_characteristics is equal to 2, 4, or 5.

— The valye of vui_colour_primaries is equal to 2.

The followirlg applies when converting the signal from a non-linear to'aTlinear representation:

— If the vallue of transferCharacteristics is equal to 1, 6, 7, 14, 6r 15, the Rec. ITU-R BT.1886 refefence
electro-pptical transfer function should be used to conyert'the signal to its linear representation,
where the value of screen luminance for white is set.eqtial to 100 candelas per square metrg, the
value of|screen luminance for black is set equal to 0 candelas per square metre, and the value pf the
exponerlt of the power function is set equal to 2.4.

— Otherwise, if the value of transferCharacteristics is equal to 18, the hybrid log-gamma refefence
electro-pptical transfer function specified@n Rec. ITU-R BT.2100 should be used to convert the
signal tq its linear representation, where the value of nominal peak luminance of the display/|is set
equal to[1000 candelas per square metre, the value of the display luminance for black is set eqjal to
0 candelas per square metre, and thevalue of system gamma is set equal to 1.2.

— Otherwise (the value of transferCharacteristics is not equal to 1, 6, 7, 14, 15, or 18) when the cgntent
colour vplume SEIl messageds\present, the exactinverse of the transfer function specified in spefified
in the VUI parameters should be used to convert the non-linear signal to a linear representatipn.

ccv_cancel_flag equal to\1' indicates that the SEI message cancels the persistence of any preyvious
content colour voluméSEI message in output order that applies to the current layer. ccv_cance]_flag
equal to 0 indicates\that content colour volume information follows.

ccv_persistence -flag specifies the persistence of the content colour volume SEI message f(1r the
current laye

ccv_persistence_flag equal to 0 specifies that the content colour volume applies to the current decoded
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
element ccv_max_luminance_value is not present.

ccv_
lumi
elemg

nt ccv_avg_

jvg_luminance_value_present_flag equal to 1 specifies that the syntax elemsg
it the syntax

ance_value is present. ccv_avg_luminance_value_present_flag equal to 0 specifies |th3
bnt ccv_avg_luminance_value is not present.

It is 4 requirement of bitstream conformance that the values of ccv_primaries)present_flag, ccv_min_
luminance_value_present_flag, ccv_max_luminance_value_present_flag, and€ev_avg_lumipance_value_

presgnt_flag shall not all be equal to 0.
ccv_rjeserved_zero_2bits[ i ]| shall be equal to 0 in bitstreams conforming to this edition of this
document. Other values for reserved_zero_2bits[ i | are reserved for future use by ITUfT | ISO/IEC.

Decoglers shall ignore the value of reserved_zero_2bits[ i ].

rimaries_x[ c ] and ccv_primaries_y| c | specify the nermalized x and y chromaticity
respgctively, of the colour primary component c of the neminal content colour volume, acc
CIE 1P31 definition of x and y as specified in ISO/CIE<11664-1 (see also ISO/CIE 11664-3
in nogrmalized increments of 0.00002. For describing colour volumes that use red, gre
coloﬁr primaries, it is suggested that index valuew gqual to 0 should correspond to the gre{
equal to 1 should correspond to the blue primary, and c equal to 2 should correspond to t}
primary specified in the VUI parameters.

cev_i

The ¥
500(

ralues of ccv_primaries_x[ ¢ ] and @cv_primaries_y[ c ] shall be in the range of -5
000, inclusive.

When ccv_primaries_x[ ¢ ] and cév=primaries_y[ c ] are not present, they are inferred to be
normpalized x and y chromatigity:coordinates, respectively, specified by vui_colour_primar

ccv_thin_luminance_value specifies the normalized minimum luminance value, according
that is expected to be present in the content, where values are normalized to L, or L. as sp
VUI garameters accarding to the indicated transfer characteristics of the signal. The value
luminance_value.are-in normalized increments of 0.0000001.

ccv_thax_luminance_value specifies the maximum luminance value, according to CIE
expe¢ted tocbe present in the content, where values are normalized to L, or L. as specifie
paraineters according to the transfer characteristics of the signal. The values of ccv_max

coordinates,
brding to the
and CIE 15),
bn, and blue
PN primary, ¢
1e red colour

000 000 to

equal to the
es.

to CIE 1931,
bcified in the
5 of ccv_min_

1931, that is
d in the VUI
_luminance_

valud arein normalized increments of 0.0000001.

ccv_avg_luminance_value specifies the average luminance value, according to 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 Sa

Use of this p

To remap col
steps are ap]

1.

A chrom

l]dummandng process
neral

8.15.1.1 G

rocess requires the definition of the following variable:
a format indicator, denoted herein by ChromaFormatldc, as described injsubclause 7.

our sample locations of a region-wise packed picture to a unit sphere,'the following or
plied:

B.

Hered

A region-wise packed picture is obtained as the cropped decoded. picture by decoding a ¢oded

picture.
process
process

(4:2:0 chroma format) or 2 (4:2:2 chroma format). This{unspecified) upsampling process s

account
by vui_d
sample_

If RWP i
location
projecte

If framg
sample
subclaus

For purposes of interpretation of chroma samples, the tnput to the indicated rema
to the 4:4:4 colour sampling format as necessary‘when ChromaFormatldc is equa
for the relative positioning relationship between the luma and chroma samples as indi

oc_type_bottom_field syntax elements in@&he VUI parameters, when present.

5 indicated, the sample locations of theregion-wise packed picture are converted to sz
5 of the respective projected pictire as specified in subclause 8.15.1.4. Otherwis
d picture is identical to the region-wise packed picture.

packing is indicated, the-sample locations of the projected picture are convert
ocations of the respective constituent picture of the projected picture, as specifi
e 8.15.1.5. Otherwise; the constituent picture of the projected picture is identical t

projecte

d picture.

The sa

coordingites relativestorthe local coordinate axes, as specified in subclause 8.15.1.2.

If rotatipn is indicated, the sphere coordinates relative to the local coordinate axes are cony
to sphere coordinates relative to the global coordinate axes, as specified in subclause 8.1
Otherwisej the global coordinate axes are identical to the local coordinate axes.

ple locations @fja constituent picture of the projected picture are converted to s

bping

is the set of decoded sample values after applying an (unspecified) upsampling conversion

to1
hould
cated

hroma_sample_loc_type_frame, vui_chromassample_loc_type_top_field, and vui_chrjoma_

mple
b, the

ed to
ed in
o the

bhere

erted
5.1.3.

The overall process for mapping of luma sample locations within a region-wise packed picture to sphere
coordinates relative to the global coordinate axes is normatively specified in subclause 8.15.1.5.

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

58

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 sete

qual 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.

If the value of fp_arrangement_type of the frame packing arrangement SEI message is equal to

3, TopBottomFlag is set equal to 0, SideBySideFlag is set equal to 1, HorDiv1 is set equal to 2 and

I
K

q
B
C
(
h

8.15.

Input

hollse}

dre set to be equal to cropPicWidth / HorDivl and cropPicHeight / VerDiv1, respect

VerDivl 1s set equal to 1.

Otherwise, if the value of fp_arrangement_type of the frame packing arrangement
is equal to 4, TopBottomFlag is set equal to 1, SideBySideFlag is set equal te' 0, H
equal to 1, and VerDiv1 is set equal to 2.

Otherwise, TopBottomFlag is set equal to 0, SideBySideFlag is setiequal to 0, H
equal to 1, and VerDiv1 is set equal to 1.

F a RWP SEI message with rwp_cancel_flag equal to 0 that applies to the picture is
egionWisePackingFlag is set equal to 0, and ConstituentRicWidth and Constitu

ropPicWidth and cropPicHeight are the width and height, respectively, of the crop
icture.

therwise, RegionWisePackingFlag is set <qual to 1, and ConstituentPig

eight / VerDiv1, respectively.
1.2 Projection for one sample location

s to this process are:

ictureWidth and pictureHeight, which are the width and height, respectively, of a

SEI message
prDiv1 is set

brDiv1 is set

not present,
entPicHeight
ively, where
bed decoded

Width and

onstituentPicHeight are set equal to rwp_prej. picture_width / HorDivl and rwp_proj_picture_

monoscopic

rojected luma picture, in‘relative projected picture sample units (see subclause 8.15.

he centre point of a sample location (hPos, vPos) along the horizontal and vertical axes,
h relative projectedpicture sample units, where hPos and vPos could have non-intege

its of this pracess are:
phere coerdinates (¢, 0) for the sample location in degrees relative to the local coordi

rojection for a sample location is derived as follows:

b.2), and

respectively,
- real values.

nate axes.

Rl bkl : 1y 441 £.11 : 1
EIPridg IS €qudl tU 1, UIC T0IIOWIITYE dPPIITS.

— IfRegionWisePackingFlagis equal to 0 and erp_guard_band_flagis equal to 1, the following applies:

hPos’ = hPos - erp_left_guard_band_width
pictureWidth = pictureWidth - erp_left_guard_band_width

— Otherwise, the following applies:

hPos’ = hPos

— The following applies:

¢ =180 - hPos’ * (360 + pictureWidth )
0 =90 - vPos * ( 180 + pictureHeight )

© ISO/IEC 2022 - All rights reserved
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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
assigned to hPosRot and vPosRot.

4. If gcmp]packing_type is equal to 4 or 5, subclause 8.15.1.10 is invoked with hPosRot, vPqsRot,
faceWidfh, and faceHeight, and the output is assigned to hPosAdj and vPosAdj. Otherwise, hPpsAdj
and vPopAdj are identical to hPosRot and vPosRot, respectively.

5. The follgwing applies:

hPos’

+ (2 * hPosAdj + faceWidth ) + 1
vPos’ ( ] ) (36)

1 (2 *vPosAdj + faceHeight ) + 1

— If ggmp_mapping_function_type is equal to 0, the following applies:

hPos"’ =hPos’
= Pos’ (37)

— Otherwise, if gcmp_mapping_function_type is equal t0 1, the following applies:

hPos" =[Tan( hPos’ * T+ 4) (38)
=[lan( vPos' *m + 4)

— Otherwise (gcmp_mapping_function_typeiisvequal to 2), the following applies:

coeﬂfU[ n | = ( gcmp_function_coeff ufin]+ 1)+ 128
coeffV[ n] = ( gcmp_function_coeff(y[ n]+ 1) + 128
hPop" = hPos’ + (1 + coeffU[ n ]34 1 - gcmp_function_u_affected_by_v_flag[ n] * vPos2) f 39
(14hPos2)) (39)
vPo$" = vPos’ + (1 + coeff V[ ] * (1 - gcmp_function_v_affected_by_u_flag[ n ] * hPos'2)
(14vPos'2))

— Thelfollowing applies:
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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"
Yelse { /* (gcmp_face_index[ n] == 4), negative y rightTace */
x = hPos"
y=-10
z = vPos"

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

1.3 Conversion from the local coordiiiate axes to the global coordinate axes

s to this process are:

ptation_yaw (oy), rotation_piteh(f,), rotation_roll (y4), all in units of degrees, and
phere coordinates (¢4, Oghrélative to the local coordinate axes.

its of this process are:

phere coordinates (¢’, ') relative to the global coordinate axes.

utputs are.derived as follows:
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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(0)

Z1 = Sll’l(

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

y2 =(Co

0)

s(y)*Sin(a)+Sin(y)*Sin(B)*Cos(a) ) *xq +

(Cos(y)*Cos(a)~-Sin(y)*Sin(B)*Sin(a)) *y; -

(41)

Sin(Jy ) * Cos(p ) ™ z4

z,=(Si
( Siq
Cos
¢’ = Ata
0’ = Asil]

(y)*Sin(a)-Cos(y)*Sin(B)*Cos(a))*xq+
(v)*Cos(a)+Cos(y)*Sin(B)*Sin(a))*y, +
y)*Cos(B)* 2z

N2(y, x,)*180+m

(z,)*180+m

8.15.1.4 Conversion of sample locations for rectangular region-wise packing

Inputs to thi

— sample
picture
picture,

— thewidt
picture

— the wid
region-v

— transfor

— offset va
in horiz

NOTE off
sample in pac

S process are:

ocation (x, y) within the packed region, where x and y*are in relative region-wise p
sample units, while the sample location is at an integer‘sample location within the p

h and the height (projRegWidth, projRegHeight)of the projected region, in relative proj
sample units,

'h and the height (packedRegWidth, packedRegHeight) of the packed region, in re
Jise packed picture sample units,

m type (transformType), and

lues for the sampling position (offsetX, offsetY) in the range of 0, inclusive, to 1, excl
ntal and vertical relative region-wise packed picture sample units, respectively.

setX and offsetY both being equal to 0.5 indicates a sampling position that is at the centre poi
ked picture samplé units.

Outputs of this process are;

— thecent
picture

e point ©fithe sample location (hPos, vPos) within the projected region in relative proj
sample-units, where hPos and vPos could have non-integer real values.

The outputs

aré.derived as follows:

hcked
hcked

ected

ative

1sive,

nt ofa

ected
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if(transformType == 0 || transformType == 1 || transformType == 2 || transfor
Type == 3){
horRatio = projRegWidth + packedRegWidth
verRatio = projRegHeight + packedRegHeight
} else if (transformType == 4 || transformType == 5 || transformType == 6 ||
transformType == 7)) {
horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth

}
if(transformType == 0) {
hPos = horRatio * ( x + offsetX)

m_

VPos = verRatio ™ ( y + offsetY )

} e]se if (transformType == 1) {

hPos = horRatio * ( packedRegWidth - x - offsetX)
vPos = verRatio * (y + offsetY )

} e]se if ( transformType == 2) {

hPos = horRatio * ( packedRegWidth - x - offsetX )
vPos = verRatio * ( packedRegHeight - y - offsetY )
} e|se if ( transformType == 3){

hPos = horRatio * ( x + offsetX)

vPos = verRatio * ( packedRegHeight - y - offsetY )
} e]se if ( transformType == 4) {

hPos = horRatio * (y + offsetY )

vPos = verRatio * ( x + offsetX)

} e]se if ( transformType == 5) {

hPos = horRatio * (y + offsetY )

vPos = verRatio * ( packedRegWidth - x - offsetX)
} e]se if (transformType ==6){

hPos = horRatio * ( packedRegHeight - y ~®ffsetY )
vPos = verRatio * ( packedRegWidth - x~ offsetX )
} e|se if ( transformType == 7) {

hPos = horRatio * ( packedRegHeight - y - offsetY )
vPos = verRatio * ( x + offsetXy)

8.15.1.5 Mapping of luma sample locations within a cropped decoded picture to sphe
coordlinates relative toe.the global coordinate axes

This pubclause specifies the semantics of luma sample locations within a cropped decod¢
sphere coordinates relative to the global coordinate axes.

offsetX is set:eéqual 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 t}

(42)

re

ed picture to

he range of 0

to NumPackedRegionms—1; inclusive:

— For each sample location (xPackedPicture, yPackedPicture) 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 ], PackedRegio

nHeight[ n ],

ProjRegionWidth[ n ], ProjRegionHeight[ n ], TransformType[ n ], offsetX and offsetY as

inputs, and the output is assigned to sample location (hPos, vPos).
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xProjPicture is set equal to ProjRegionLeft[ n ] + hPos.

When StereoFlagisequalto0or TopBottomFlagisequalto1,and whenxProjPictureisgreater

than or equal to rwp_proj_picture_width, xProjPicture is set equal to xProjPicture -
proj_picture_width.

When SideBySideFlag is equal to 1, the following applies:

— When ProjRegionLeft[ n ] is less than rwp_proj_picture_width / 2 and xProjPi

rwp_

cture

is greater than or equal to rwp_proj_picture_width / 2, xProjPicture is set equal to

xProjPicture - rwp_proj_picture_width / 2.

— Sub

— When ProjRegionLeft| n | 1s greater than or equal to rwp_proj_picture_width/
xProjPicture is greater than or equal to rwp_proj_picture_width, xProjPicttire
equal to xProjPicture — rwp_proj_picture_width / 2.

yProjPicture is set equal to ProjRegionTop[ n ] + vPos.

[lause 8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPicWidth

Con
con
(xPs

Otherwise if]

D and
is set

and

stituentPicHeight as inputs, and the outputs indicating the sphere coordinates and the

tituent picture index (for frame-packed stereoscopic video) for ‘the luma sample log

ckedPicture, yPackedPicture) belonging to the n-th packed region in the decoded pict

RegionWisePackingFlag is equal 0 and CmpFlag is equal to-1, the following applies for

sample locaffion (X, y) that is not a cubemap projection guard band samiple within the cropped deg

picture:
— xProjPig
— yProjPid

— Subclau

ture is set equal to x + offsetX.
ture is set equal to y + offsetY.

e 8.15.1.6 is invoked with xProjRicture, yProjPicture, ConstituentPicWidth,

Constity
constituyl

entPicHeight as inputs, and the outputs indicating the sphere coordinates an
ent picture index (for frame-packedstereoscopic video) for the sample location (%, y) w

the cropped decoded picture.

Otherwise (
each samplg
cropped dec

RegionWisePackingFlag is equal to 0, and CmpFlag is equal to 0), the following appli

ation
ure.

each
oded

and
] the
rithin

bs for

location (x, y) that is not'an equirectangular projection guard band sample within the

pded picture, where a sample location (X, y) is an equirectangular projection guard

sample when and only when ErpElagis equal to 1, x is in the range of 0 to erp_left_guard_band_wid{

inclusive, or
andy isin th

— xProjPig

— yProjPid

ConstituentPicWidth - erp_right_guard_band_width to ConstituentPicWidth - 1, incl
e range of 0 to GenstituentPicHeight - 1, inclusive:

ture is sef€qual to x + offsetX.

tureisset equal to y + offsetY.

— If ErpFl

band
h-1,
1sive,

g\S equal to 0, projPicWidth is set equal to ConstituentPicWidth. Otherwise (ErpH

ag is

equal to 1), projPicWidth is set equal to ConstituentPicWidth - ( erp_left_guard_band_width + erp_
right_guard_band_width ).

— 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.

Outpfits of this process are:

— sphere coordinates (azimuthGlobal, elevationGlobal), in units of degrees relativé tp the global
coordinate axes, and

— When StereoFlag is equal to 1, the index of the constituent picture (constitueritPicture)lequal to 0 or

The qutputs are derived with the following ordered steps:
1. donstituentPicture, xProjPicture, and yProjPicture are conditienally 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‘or equal to pictureWidth, xProjPicture is set to
xProjPicture - pictureWidth.

— When yProjPicture is greater than or equal to pictureHeight, yProjPictyre is set to
yProjPicture - pictureHeight.

-+ Otherwise, constituentPicture is set equal to 0.

2. Subclause 8.15.1.2 is invoked'with pictureWidth, pictureHeight, xProjPicture, and yProjPicture as
ihputs, and the output islassigned to azimuthLocal, elevationLocal.

3. azimuthGlobal and.eglevationGlobal are set as follows:

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

—+ Qtherwise, azimuthGlobal is set equal to azimuthLocal and elevationGlobal is |set equal to
¢levationLocal.

8.15.1.7 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){
if( gcmp_guard_band_flag)
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth
faceHejght = gcmpPicHeight / 6
} else if( gcmp_packing_type == 1){
if( gcmp_guard_band_flag)
gcmpPicWidth -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth / 2
faceHejght = gcmpPicHeight / 3
} else if( gcmp_packing_type == 2){
if( gcmp_guard_band_flag) (4B)
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth / 3
faceHejght = gcmpPicHeight / 2
} else if( gcmp_packing_type == 3){
if( gcmp_guard_band_flag)
gcmpPicWidth -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth / 6
faceHejght = gcmpPicHeight
} else if( gcmp_packing_type == 4){
if( gcmp_guard_band_flag)
gcmpPicWidth -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth / 3
faceHejght = gcmpPicHeight
} else if( gcmp_packing_type == 5)§
if( gcmp_guard_band_flag)
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth
faceHejght = gcmpPicHeight / 3

}

The values of faceWidth and faceHeight are constrained as follows:

— If gcmp_fpacking_type is equal to 4, the following constraints apply:

eén~ChromaFg atldc is equal to :2:0_chroma fo
faceWidth shall be a multiple of 4 in units of luma samples.

amat),

— 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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in units of luma samples.

Otherwise, the following constraints apply:

faceWidth shall be a multiple of 2 in units of luma samples.

in units of luma samples.

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

8.15.

Inputs to this process are:

Outppts of this process are:

The qutputs are derived as follows:

5 =

F gcmp_packing_type is equal to 0, gcmpPicHeight shall be a multiple of 6, and gcmpPi
e equal to gcmpPicHeight / 6.

therwise, if gcmp_packing_type is equal to 1, gcmpPicWidth shall be ,a multip
cmpPicHeight shall be a multiple of 3, and gcmpPicWidth / 2 shall be equal‘to gcmpPi

therwise, if gcmp_packing_type is equal to 2, gcmpPicWidth shall be a multip
cmpPicHeight shall be a multiple of 2, and gcmpPicWidth / 3 shall be equal to gcmpPi

therwise, if gecmp_packing_type is equal to 3, gcmpPicWidth shall be a multip
cmpPicWidth / 6 shall be equal to gcmpPicHeight.

therwise, if gcmp_packing_type is equal to 4, gcmpPicWidth shall be a multip
cmpPicWidth / 3 shall be equal to gcmpPicHeight,

therwise, if gcmp_packing_type is equal to.5; gcmpPicHeight shall be a multip
cmpPicWidth shall be equal to gcmpPicHeight)/ 3.

Qo Qo R o a o Qo

ample location (hPos, vPos)within the projected picture in relative projected picture s
where hPos and vPos could*have non-integer real values, and

wn

-

hceWidth and faceHeight, which are the width and height, respectively, of the proje
relative projected(picture sample units.

—

he sample) location (hPosFace, vPosFace) within the projected face in relative proje
amplétnits, where hPosFace and vPosFace could have non-integer real values.

(%)

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

When ChromaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma format),

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

cWidth shall

le of 2 and
cHeight / 3.

le of 3 and
cHeight / 2.
e of 6, and

e of 6, and

le of 6, and

1.8 Conversion from a sample location in a projected picture to a sample location in a
projgcted cubemap face

ample units,

cted face, in

cted 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)
tmpVerPos = tmpVerPos < 3 * faceHeight ? tmpVerPos : tmpVerPos - 2 * ghSize
else if( gcmp_packing_type == 1)
tmpHorPos = tmpHorPos < faceWidth ? tmpHorPos : tmpHorPos — 2 * gbSize
else if[ gcmp_packing_type == 2)
tmpperPos = tmpVerPos < faceHeight ? tmpVerPos : tmpVerPos - 2 * gbSize
else if[ gcmp_packing_type == 3) (44)
tmpHorPos = tmpHorPos < 3 * faceWidth ? tmpHorPos : tmpHorPos - 2 * gbSize
else if[ gcmp_packing_type == 4)
tmpHorPos = tmpHorPos < faceWidth / 2 ? tmpHorPos : tmpHorPos < 2.5,*faceWidth +
gbSize ?
tinpHorPos - gbSize : tmpHorPos - 2 * gbSize
else if[ gcmp_packing_type == 5)
tmpperPos = tmpVerPos < faceHeight / 2 ? tmpVerPos : tmpVerPos'< 2.5 * faceHeight +
gbSize ?
tnppVerPos - gbSize : tmpVerPos - 2 * gbSize
}

w = Flogr( tmpHorPos + faceWidth )
h = Floor( tmpVerPos + faceHeight )
hPosFack = tmpHorPos - w * faceWidth
vPosFacg = tmpVerPos - h * faceHeight

8.15.1.9 Rgtation of sample locations for a projected cubemap face
Inputs to thik process are:

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

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

Outputs of this processare:

— the rotgted sample location (hPosRot, vPosRot) within the projected face in relative projected
picture $amplé units, where hPosRot and vPosRot could have non-integer real values.

The outputs are 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) { (45)
hPosRot = faceWidth - hPosFace
vPosRot = faceHeight - vPosFace

} else if( gcmp_face_rotation[n] == 3){

hPosRot = faceHeight - vPosFace

vPosRot = hPosFace

8.15./1.10 Adjustment of a sample location for hemisphere cubemap projection

Inputs to this process are:

|
(%]

ample location (hPosRot, vPosRot) within the n-th projected fdce in relative projected picture
ample units, where hPosRot and vPosRot could have non-integéx real values, and

w

— faceWidth and faceHeight, which are the width and heightf,-réspectively, of the projdcted face, in
relative projected picture sample units.

Outplits of this process are:

— the adjusted sample location (hPosAdj, vPosAdj) within the n-th projected face in relative projected
dicture sample units, where hPosAdj and vPesAdj could have non-integer real values.

The qutputs are derived as follows:

eftFaceldx={5,3,1,0,0, 1}

ightFaceldx = {4,2,0,1, 1, 0}

bpFaceldx ={2, 4, 4, 4, 2, 2}

ottomFaceldx = {3, 5,5, 5, 3,3}

PosAdj = hPosRot

PosAdj = vPosRot

f(n !=2)

if( face_index[2(] ='= leftFaceldx[ face_index[ n]] && hPosAdj >= faceWidth / 2) (46)
hPosAdj —=_faceWidth / 2

else if( facesindex[2 | = = rightFaceldx| face_index| n]] && hPosAdj < faceWidth /|2 )
hPosAdj += faceWidth / 2

elseif(face_index[2 | = = topFaceldx[ face_index[ n]] && vPosAdj >= faceHeight [ 2)
vBosAdj -= faceHeight / 2

else if( face_index[2 | = = bottomFaceldx][ face_index|[ n]] && vPosAdj < faceHeighF /2)
VPOSAdj = faceHeignt/ 2

< ety

8.15.2 Equirectangular projection SEI message

8.15.2.1 Equirectangular projection SEI message syntax

equirectangular_projection( payloadSize ) { Descriptor
erp_cancel_flag u(1)
if(lerp_cancel_flag) {
erp_persistence_flag u(1)
erp_guard_band_flag u(1)
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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 E(Juirectangular projection SEI message semantics
The equirectangular projection SEI message provides information to enable remapping. (through an
equirectangplar projection) of the colour samples of the projected pictures onto a sphere coordinate
space in sphere coordinates (¢, 8) for use in omnidirectional video applications for which the vigwing

perspective
are defined
increasing n

Use of this S

When an eqy

projection S

different typ

When the SA
there should

A frame pacl
as an effectiy

The valu
The val

A chrom

The valy
The valu
The valy
The valy
The valy

s from the origin looking outward toward the inside of the sphere. The:sphere coordi
50 that ¢ is the azimuth (longitude, increasing eastward) and 0 is thée elevation (lat
prthward).

] message requires the definition of the following variable:

a format indicator, denoted herein by ChromaFormatldg, as described in subclause 7.

] message shall be present for the first picture efithe CLVS and no SEI message indica
e of projection shall be present for any picture\of'the CLVS.

be no equirectangular projection SEI messages applicable for the picture.

xing arrangement SEI message for:which all the following conditions are true is refert
Fely applicable frame packing arrangement SEI message:

e of fp_arrangement_cancelyflag is equal to 0.
e of fp_arrangement_typé is equal to 3, 4, or 5.
e of fp_quincunx_sampling_flag is equal to 0.
e of fp_spatial_flipping_flag is equal to 0.

e of fp_field_views_flag is equal to 0.

e of fprframe0_grid_position_x is equal to 0.

nates

tude,

B.

irectangular projection SEl message is present for ahy picture ofa CLVS, an equirectanigular

ting a

R for a picture is indicated by vui_aspect gratio_idc or sari_aspect_ratio_idc greater than 1,

ed to

eof 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_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 shall not be present. Decoders shall ignore equirectangular projection SEI messages when a
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.

70

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 23002-7:2022(E)

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_flag equal to 1 specifies that the equirectangular projection SEI message applies to the
current decoded picture and persists for all subsequent pictures of the current layer in output order
until jone or more of the following conditions are true:

new CLVS of the current layer begins.
he bitstream ends.

picture in the current layer in an AU associated with an equirectangular projection|SEI message

uard_band_flag equal to 1 indicates that the constituent picture contains guard bgnd areas for
the sizes are specified by the syntax elements erp_left_guard _band_width and erp_tight_guard_
width. erp_guard_band_flag equal to 0 indicates that the“constituent picture does jnot contains
band areas for which the sizes are specified by the syntax elements erp_left_guard|band_width
p_right_guard_band_width.

eserved_zero_2bits shall be equal to 0 in bitstfeams conforming to this edition of thjs document.
values for erp_reserved_zero_2bits are reserved for future use by ITU-T | ISO/IEC. De¢coders shall
the value of erp_reserved_zero_2bits.

uard_band_type indicates the type of‘the guard bands as follows:

p_guard_band_type equal to 0 indicates that the content of the guard band in re|ation to the
ntent of the constituent picture is unknown or unspecified or specified by other means not
specified in this document.

p_guard_band_type equalto 1indicatesthatthe contentofthe guard band suffices forinterpolation
f sample values at sub-pel sample fractional locations within the constituent picture.

erp_guard_band’ type equal to 1 could be used when the source boundary samples of|a constituent
pictufe have been copied horizontally to the guard band.

p_guard<pband_type equal to 2 indicates that the content of the guard band reprgsents actual
icture .content at a quality that gradually changes from the picture quality of thg constituent
ictureto that of the spherically adjacent region.

p.guard band_type equal to 3 indicates that the content of the guard bands reprdsents 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_cancel_flag u(1)
if( !gcmp_cancel flag) {
gcmp_persistence_flag u(1)
gcmp_packing_type u(3)
gcmp_mapping_function_type u(2)
for(i=[0;i< (gcmp_packing_type ==4 | | gcmp_packing_type==5)?5:6;
i+ ) {
gcnqp_face_index[ i] u(3)
gcn‘p_face_rotation[ i] u(2)
if( ggemp_mapping_function_type==2){
gemp_function_coeff_u[i| u(7)
gemp_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_puard_band_flag u(1)
if( gemp_guard_band _flag ) {
gcn{p_guard_band_type u(3)
gcnip_guard_band_boundary_exterior_flag u(1)
gcn‘p_guard_band_samples_minusl u(4)
}

}

8.15.3.2 Generalized cubemap projection SEI message semantics

The generaljzed cubemap prOJectlon SEI message prov1des 1nformat10n to enable remapplng (thtough
a generalize h e
coordinate space in sphere coordmates (b, 6) for use in omnidirectional VldeO appllcatlons for which
the viewing perspective is from the origin looking outward toward the inside of the sphere. The 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 value of fp_quincunx_sampling_flag is equal to 0.

— Trevatueof fp—spatiatftppmg_ftag sequattoo-

— 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_arrangement_cancel_flag eqyal to 0 that
appligs to the picture is present that is not an effectively applicable frame packing arrapgement SEI
messpge, a generalized cubemap projection SEI message/with gcmp_cancel_flag equal to ( that applies
to the picture shall not be present. Decoders shall ignofe'generalized cubemap projection §EI messages
when a frame packing arrangement SEI message with fp_arrangement_cancel_flag eqyal to 0 that
applies to the picture is present that is not an effectively applicable frame packing arrapgement SEI
messpge.

When all of the following conditions are” true, the functionality of the generaliz¢d cubemap
projection SEI message is exactly the.same as the cubemap projection SEI message splecified in in
Rec. ITU-T H.265 | ISO/IEC 23008-2 and\Rec. ITU-T H.264 | ISO/IEC 14496-10:

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

— The values of gcmpsface_index[ i ] for i from 0 to 5, inclusive, are equal to 5, 0, 4} 3, 1 and 2,
respectively;

— The value of gemp_face_rotation[ i ] is equal to 0 for each value of i in the range of 0 to p, inclusive;
— The value.of gcmp_guard_band_flag is equal to 0.

Iny previous
) 0 indicates

that cubemap prOJectlon information follows

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—Specificationof packing typeandpositiomrindexbasedongemp-packing-type
gcmp_packing_type | Packing type and position index
0
1
2
0
3
4
5
0| 1
1 20 3
4 |5
0] 1]2
2
31415
3 0|1]2|3]|4]|5
4 0|1] 2 (3|4
0
1
5 2
3
4
gcmp_mapping_function_type specifies the mapping function used to adjust the sample locdtions
of the cuberkap-prejection—semp—mapping—tunection—typeequalto-0-specifiesthatthe samemapping

function as specified for the cubemap projection SEI message in Rec. ITU-T H.265 | ISO/IEC 23008-2 and
Rec. ITU-T H.264 | ISO/IEC 14496-10 is used. gcmp_mapping_function_type equal to 1 specifies 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 | foriequal to 0, 1, 3 or 4
shall be in the range of 2 to 5, inclusive.

— Otherwise, if gcmp_face_index[2 ] is equal to 2 or 3, the value of gcmp_face_index[ i ]| foriequal to O,
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,
inclusive.

gcemp)_face_rotation[ i | specifies the rotation to be applied to the face on position index 1 as specified
in Table 11.

Table 11 — Specification of counterclockwise rotation angle based on gcmp_face_rptation[i |

gemp_face_rotation[i] Rotation angle ‘i/tllitsig)gree (anticlgek-
0 0
1 90
2 180
3 270

When gcmp_packing_type is equal to 4, it is a requiremefit of bitstream conformance that the following
consfraints apply:

— Ifgcmp_face_index[2 ] is equal to 0 or 1, the value of gcmp_face_rotation[i] foriequal o 0, 1, 3 or 4
shall be 0 or 2.

— (Qtherwise, if gcmp_face_index[2 | is equal to 2 or 3, when gcmp_face_index][ i ] is edual to 1, the
alue of gcmp_face_rotation][ i | shallbe 0 or 2, and when gcmp_face_index[ i ] is equal to 0, 4 or 5,
he value of gcmp_face_rotation[ i }shall be 1 or 3.

o <

— Qtherwise, when gcmp_face_Gihdex[ i | is equal to 0, the value of gcmp_face_rotation| i ]|shall be 0 or
, and when gcmp_face_index[ i ] is equal to 1, 2 or 3, the value of gcmp_face_rotation][|i | shall be 1
gr 3.

DD

When gcmp_packing_type'is equal to 5, it is a requirement of bitstream conformance that fhe following
consfraints apply:

— Ifgemp_face index[2 ] is equal to 0 or 1, the value of gcmp_face_rotation[i] foriequalto 0,1, 3 or 4
shall be 1 or3.

— Qthekwise, if gcmp_face_index[2 ] is equal to 2 or 3, when gcmp_face_index[ i ] is equal to 1, the
alite’of gemp_face_rotation[ i | shall be 1 or 3, and when gemp_face_index[ i | is equal to 0, 4 or 5,
the value of gcmp_face_rotation] 1 | shall be 0 or 2.

— Otherwise, when gcmp_face_index[ i | is equal to 0, the value of gcmp_face_rotation|[ i ] shall be 1 or
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 are

specified by the syntax element gcmp_guard_band_samples_minusl1.

gcmp_guarI_band_type indicates the type of the guard bands as follows:

— gcmp_g
content
this doc

— gcmp_gliard_band_type equal to 1 indicates that the content of the guardybands sufficq

interpol

NOTE
face have

— gcmp_gliard_band_type equal to 2 indicates that the content ofthe guard bands represents g

picture
changes

— gcmp_gliard_band_type equal to 3 indicates that the gontent of the guard bands represents 4

picture
quality

— gcmp_gliard_band_type values greater thant3 are reserved for future use by ITU-T | ISQ

Decoder
equivald

gcmp_guard_band_boundary_exteriar,flag indicates which face boundaries contain guard ban

specified in

ard_band_type equal to 0 indicates that the content of the guard bands in relation {
of the coded face is unknown or unspecified or specified by other means not specif
iment.

htion of sample values at sub-pel sample fractional locations within the coded face.

gcmp_guard_band_type equal to 1 could be used when the source.béundary samples of a
been copied horizontally or vertically to the guard band.

content that is spherically adjacent to the content in the-¢coded face at quality that grac
from the picture quality of the coded face to thatofithe spherically adjacent region.

content that is spherically adjacent to the ‘content in the coded face at a similar pi
is within the coded face.

s shall treat the value of gcmp_guard_band_type when the value is greater than|
nt to the value 0.

[able 12.

Table 12 -

— Specification pf guard band boundary location based on gcmp_packing_type ¢
gemp_guard_band_boundary_exterior_flag

o the
ed in

s for

coded

ctual
ually

ctual
cture

/1EC.
3 as

ds, as

ind

gcmp_packing_type |gemip_guard_band_boundary_exterior_flag Location of guard band

0

1

2

76

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 23002-7:2022(E)

Table 12 (continued)

gcmp_packing_type |gcmp_guard_band_boundary_exterior_flag Location of guard band
T
0
1
2
0 1
3
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 3] 4||5
22
3 1 01| 2 31 4||5
T A P AT T T T
4 1 o0f1| 2 (374
R R T T TR
0 |
5 0 2
3
4
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Table 12 (continued)

gcmp_packing_type |gcmp_guard_band_boundary_exterior_flag Location of guard band
0
1
5 1 2
3
o

gcmp_guard_band_samples_minusl plus 1 specifies the number of guard band samples, n [units
of luma samples, used in the cubemap projected picture. When ChromaFormatldc is equal t0) 1{4:2:0
chroma fornjat) or 2 (4:2:2 chroma format), gcmp_guard_band_samples_minus1 plus 1 shallcerredpond
to an even nfimber of luma samples within the cropped decoded picture.

8.15.4 Sphere rotation SEI message

8.15.4.1 Sphere rotation SEI message syntax

sphere_rotation( payloadSize ) { Descriptor

sphere_rjotation_cancel_flag u(1)

if( !spherg_rotation_cancel_flag ) {
sphere¢_rotation_persistence_flag u(1)
spher¢_rotation_reserved_zero_6bits u(6)
yaw_r¢tation i(32)
pitch_rotation i(32)
roll_rgtation i(32)

}

8.15.4.2 Sphere rotation SEI message semantics

The sphere rjotation SEI messageprovides information on rotation angles yaw (a), pitch (), and r¢ll (y)
that are usettfor conversionbetween the global coordinate axes and the local coordinate axes.

Relative to ajn (%, y, z) Cartesian coordinate system, yaw expresses a rotation around the z (verticdl, up)
axis, pitch rgtates agound the y (lateral, side-to-side) axis, and roll rotates around the x (back-to-front)
axis. Rotations are-éxtrinsic, i.e., around x, y, and z fixed reference axes. The angles increase clockwise
when looking from the origin towards the positive end of an axis.

sphere_rotatiomn_ - T i f any
previous 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 to this edition of
this document. Other values for sphere_rotation_reserved_zero_6bits are reserved for fiiture use by
ITU-T | ISO/IEC. Decoders shall ignore the value of sphere_rotation_reserved_zero_6bits.

yaw_frotation specifies the value of the yaw rotation angle, in units of 216 degrées. The yalue of yaw_
rotatjon shall be in the range of -180 * 216 (i.e., -11 796 480) to 180 * 216 - 1(fize., 11 796 479), inclusive.
When not present, the value of yaw_rotation is inferred to be equal to 0.

pitch_rotation specifies the value of the pitch rotation angle, in units of 2716 degrees. [[he value of
pitch| rotation shall be in the range of -90 * 216 (i.e., -5 898 240) t6°90 * 216 (i.e., 5 898 24{0), inclusive.
When not present, the value of pitch_rotation is inferred to be equal to 0.

roll_rotation specifies the value of the roll rotation angle,An units of 2716 degrees. The yalue of roll_
rotatjon shall be in the range of -180 * 216 (i.e., -11 796 480) to 180 * 216 - 1 (i.e., 11 796 479), inclusive.
When not present, the value of roll_rotation is inferred'to be equal to 0.

8.15.5 Region-wise packing SEI message

8.15.5.1 Region-wise packing SEI message'syntax

regignwise_packing( payloadSize ) { Descriptor
rwp_cancel_flag u(1)
if (| 'rwp_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(32)
rwp-proj_picture_height u(32)
rwp_packed_picture_width u(16)
rwp_packed_picture_height u(16)
for(i=0;i<rwp_num_packed_regions; i++ ) {
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)
ryp_guard-band-not-tused—for-pred—flagtii uth
fqr(j=0;j <4;j++)
rwp_guard_band_type[i][j] u(3)
rywp_guard_band_reserved_zero_3bits| i | u(3)
}
}
}
}
8.15.5.2 Region-wise packing SEI message semantics
The RWP SE[l message provides information to enable remapping of the colour samples of the crqpped

decoded pic
bands, if any

Use of this S

A chrom

rwp_cancel
SEI message

rwp_persisf

rwp_persist
picture only.

rwp_persist
picture and
the followin

Anew C

ures onto projected pictures as well as information on the location and size of the §

] message requires the definition of the following variable:
a format indicator, denoted herein byx€hromaFormatldc, as described in subclause 7.

| flag equal to 1 indicates that the"SEI message cancels the persistence of any previous
in output order. rwp_cancel_flag equal to 0 indicates that RWP information follows.

fence_flag specifies the pérsistence of the RWP SEI message for the current layer.

ence_flag equal to Owspecifies that the RWP SEI message applies to the current dec

ence_flag equalito 1 specifies that the RWP SEI message applies to the current dec
persists farall subsequent pictures of the current layer in output order until one or m
b conditions are true:

VS ofthe current layer begins.

ruard

[\~

RWP

oded

oded
bre of

The bits

TEdIT ends:

— Apicture in the current layer in an AU associated with a RWP 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 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;

respectively;

The value of gcmp_face rotation[i]is equal to O for each value of i in the range of 0 to

The values of gcmp_face_index[ i | for i from 0 to 5, inclusive, are equal to 5, 0, 4,

3,1and 2,

5, inclusive;

T

he value of gcmp_guard_band_flag is equal to 0.

For t
that 4

appli
other

ne frame packing arrangement scheme indicated by a frame packing arrangement
pplies to the current picture, if a RWP SEI message with rwp_cancel_flag equal to 0 is
s to the current picture, the frame packing arrangement scheme applies_t0 the proje

If a
arrar
that
Temp
Othel

frame packing arrangement SEI message with fp_arrangement_cancel_flag equ
gement_type equal to 3, 4, or 5, and fp_quincunx_sampling/flag equal to O is
hpplies to the current picture, the variables StereoFlag, (TopBottomFlag, SideByS
InterleavingFlag are all set equal to 0, the variables HorBi1 and VerDiv1 are both s¢
wise the following applies:

tereoFlag is set equal to 1.

hen the fp_arrangement_type is equal to 3, SideBySideFlag is set equal to 1, TopBot|
emplnterleavingFlag are both set equal to 0;\H{orDiv1 is set equal to 2 and VerDiv1 is s

hen the fp_arrangement_type is equal‘to 4, TopBottomFlag is set equal to 1, SideBy
emplnterleavingFlag are both set equal to 0, HorDiv1 is set equal to 1 and VerDiv1 is s

hen the fp_arrangement_type is equal to 5, TemplnterleavingFlag is set equal to 1, Toj
nd SideBySideFlag are both.set'equal to 0, HorDiv1 and VerDiv1 are both set equal to

rwp_constituent_picture_matching_flag equal to 1 specifies that the projected region
packed region information, and guard band region information in this SEI message apply|
to each constituent picture and that the packed picture and the projected picture ha
sterepscopic frame packing format indicated by the frame packing arrangement SEI m¢
constituent_picture_ matching_flag equal to 0 specifies that the projected region informg
region information, and guard band region information in this SEI message apply to t
pictufe.

When either of the following conditions is true, the value of rwp_constituent_picture_m

wise, the frame packing arrangement scheme applies to the cropped decoded picture]

SEI message
present that
cted picture,

al to 0, fp_
not present
ideFlag, and
et equal to 1.

tomFlag and
et equal to 1.

SideFlag and
et equal to 2.

bBottomFlag
1.

information,
individually
ve the same
PSsage. Twp_
tion, packed
he projected

atching_flag

shall pbé€qual to 0:

— StereoFlagis equal to 0.

StereoFlag is 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 values of rwp_proj_picture_width and rwp_proj_picture_height shall both be greater than 0.

rwp_packe(i_picture_width and rwp_packed_picture_height specify the width andy hgight,
respectively] of the packed picture, in relative region-wise packed picture sample units.

The values of rwp_packed_picture_width and rwp_packed_picture_height shall both be greater than 0.

Itis arequir¢ment of bitstream conformance that rwp_packed_picture_width and rwp-packed_pidture_
height shall have such values that rwp_packed_picture_width is an integer multiple of cropPic\Vidth
and rwp_packed_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.

rwp_reserved_zero_4bits[ i | shall be equal to 0 in bitstreams conforming to this edition of this
document. Other values for rwp_reserved_zero_4bits[ i ] are reserved for future use by ITU-T | ISQ/IEC.
Decoders shall ignore the value of rwp_reserved_zero_4bits[ i }:

remap to thei-th projected region. When rwp_transformictype[ i ] specifies both rotation and mirr¢ring,

rwp_transf{rm_type[ i] specifies the rotation and mirroring to be applied to the i-th packed reglon to
ies before mirroring. The values of rwp_tfansform_type][ i | are specified in Table 13

rotation app,

Table 13 — rwp_transform_type[i] values

Value Description

0 no transform

1 mirroringherizontally

2 rotation 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).

rwp_packed_region_width[ i ], rwp_packed_region_height[ i ], rwp_packed_region_top[ i ], and rwp_
packed_region_left[ i ] are indicated in relative region-wise packed picture sample unitsy fwp_packed_
region_width[ i ], rwp_packed_region_height[ i ], rwp_packed_region_top[ i ], and rwp_pag¢ked_region_
left[ | ] shall represent integer horizontal and vertical coordinates of luma sample units within the
cropped decoded pictures.

NOTH3  Two packed regions could partially or entirely overlap with each other.

rwp_[left_guard_band_width[i] specifies the width of the guard band on the left side of the i-th packed
in relative region-wise packed picture sample units. When ChromaFormatldc is equal to 1 (4:2:0

ight_guard_band_width[ i ] specifies the width of the guard band on the right sidle of the i-th
packed region in relative region-wise packed picture saniple units. When ChromaFormatldc is equal to
1 (4:3:0 chroma format) or 2 (4:2:2 chroma format), rwp)right_guard_band_width][ i | shal| correspond
to an|even number of luma samples within the cropped decoded picture.

rwp_top_guard_band_height[ i ] specifies the height of the guard band above the i-th packed region in
relative region-wise packed picture sample units. When ChromaFormatldc is equal to 1 (4:2:0 chroma
format), rwp_top_guard_band_height[ i ] shall correspond to an even number of luma samples within
the cropped decoded picture.

rwp_bottom_guard_band_height| @] specifies the height of the guard band below thg i-th packed
regiop in relative region-wise packed picture sample units. When ChromaFormatldc is equlal to 1 (4:2:0
chroma format), rwp_bottom>guard_band_height[ i ] shall correspond to an even nuniber of luma
samplles within the cropped decoded picture.

When rwp_guard_bandxflag[ i ] is equal to 1, rwp_left_guard_band_width[ i |, rwp_right_guard_band_
[i], rwp_top_guard_band_height[i], or rwp_bottom_guard_band_height[ i ] shall belgreater than

The ifth packéd region as specified by this SEI message shall not overlap with any other packed region
specified by-the same SEI message or any guard band specified by the same SEI message.

The guakd bands associated with the i-th packed region, if any, as specified by this SEI mesdage shall not
overlap with any packed region specified by the same SEI message or any other guard bands specified
by the same SEI message.

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
1nterpolat10n of sample Values at sub -pel sample fractlonal locatlons within the packed region and
less than-one-sa | : ack

NOTES5 rwp_guard_band_type[i][j]equal to 1 could be used when the boundary samples of a packed fegion

have been copied horizontally or vertically to the guard band.

rwp_guard_band_type[i][j] equal to 2 indicates that the content of the guard bands represents
actual pjcture content that is spherically adjacent to the content in the packed region and is dn the
surface pf the packed region at quality that gradually changes from the picturé quality of the packed
region tp that of the spherically adjacent packed region.

rwp_guard_band_type[i][j] equal to 3 indicates that the content of thé guard bands represents
actual pjcture content that is spherically adjacent to the content in.the packed region and is dn the
surface pf the packed region at a similar picture quality as withinthe packed region.

rwp_guard_band_type[i][j ] values greater than 3 are resetved for future use by ITU-T | ISQ/IEC.
Decoderifs shall treat the value of rwp_guard_band_type[i]]j ] when the value is greater thanp 3 as
equivalgnt to the value 0.

rwp_guard |band_reserved_zero_3bits[ i | shall be equal'to 0 in bitstreams conforming to this edlition
of this document. Other values for rwp_guard_band~reserved_zero_3bits[ i | are reserved for fliture

use by ITU-

| ISO/IEC. Decoders shall ignore the valtie of rwp_guard_band_reserved_zero_3bits[ | ].

Thevariables NumPackedRegions, PackedRegiaonLeft[ n], PackedRegionTop[ n], PackedRegionWidth[n],
PackedRegiqnHeight[ n ], ProjRegionLeft] n ], ProjRegionTop[ n ], ProjRegionWidth[ [n ],

ProjRegionHeight[ n |, and TransformType[ n | are derived as follows:

84

For n in the range of 0 to rwp_num_packed_regions - 1, inclusive, the following applies:

— PackedRegionLeft[ n ] isset equal to rwp_packed_region_left[ n ].
— PackedRegionTop[ n{ is set equal to rwp_packed_region_top[ n ].
— PackedRegiodWidth[ 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].

— ProjRegionTop[ n ] is set equal to rwp_proj_region_top[ n ].
— ProjRegionWidth[ n ] is set equal to rwp_proj_region_width[ n ].

— ProjRegionHeight[ n ] is set equal to rwp_proj_region_height[ n ].
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— 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 TopBottomFlag is equal to 1, the following applies:

projbe0fsel and packedlelOsctare bothselequal o0

— projTopOffset is set equal to rwp_proj_picture_height / 2 and packedTopQffselt is set equal
to rwp_packed_picture_height / 2.

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

— projLeftOffset is set equal to rwp_proj_picture_width / 2 and packedLeftOffsqt is set equal
to rwp_packed_picture_width / 2.

— projTopOffset and packedTopOffset are both set equal\to-0.

—+ Fornin the range of NumPackedRegions / 2 to NumPaekedRegions - 1, inclusive, the following
applies:

— nldxis set equal to n - NumPackedRegions 2.
— PackedRegionLeft[ n ] is set equal to rwp_packed_region_left[ nldx | + packed|LeftOffset.
— PackedRegionTop[ n ] is set equal to,rwp_packed_region_top[ nldx | + packedTopOffset.
— PackedRegionWidth[ n ] is setiequal to rwp_packed_region_width[ nldx ].
— PackedRegionHeight[ n ] is\set equal to rwp_packed_region_height[ nldx ].

[

— ProjRegionLeft[ n ] islset equal to rwp_proj_region_left[ nldx | + projLeftOffs¢
— ProjRegionTop[ 1 } 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 ].

bach~value of n in the range of 0 to NumPackedRegions - 1, inclusive, the values of

ProjRegionWidth[ n ], ProjRegionHeight[ n ], ProjRegionTop| n ], and ProjRegionLeft[ n ] areg constrained

as follows:

ProjRegionWidth[ n ] shall be in the range of 1 to rwp_proj_picture_width, inclusive.

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 Omnidirectional 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.

PackedRegionTop|[ n ] shall be in the range of 0 to rwp_packed_picture_height — 1, inclusive.

PackedHegionLeft[ n ] and PackedRegionWidth[ n ] shall be less than or equal to rwpapa
picture_width / HorDiv1. Otherwise, the sum of PackedRegionLeft[ n | and PackedRegionWidt
shall be [ess than or equal to rwp_packed_picture_width / HorDiv1 * 2.

If Packe¢dRegionTop[ n ] is less than rwp_packed_picture_height / VerDiv®, the su
PackedRegionTop[ n ] and PackedRegionHeight[ n ] shall be less than or equal to rwp_pa

of
rked_
h[n]

m of
rked_

picture_height / VerDiv1. Otherwise, the sum of PackedRegionTop[ n | and PackedRegionHeight[ n ]

shall be |less than or equal to rwp_packed_picture_height / VerDiv1 * 2.

When (hromaFormatldc is equal to 1 (4:2:0 chroma format) (or\ 2 (4:2:2 chroma for
PackedRegionLeft[ n | shall correspond to an even horizontal coordinate value of luma sample
and PackedRegionWidth[ n ] shall correspond to an even number of luma samples, both with
decoded picture.

When ClhromaFormatldc is equal to 1 (4:2:0 chroma formiat); PackedRegionTop|[ n ] shall corres
toan evgn vertical coordinate value of luma sample units;and ProjRegionHeight[ n ] shall corres
to an even number of luma samples, both within the‘decoded picture.

mat),
nits,
n the

pond
pond

omni_viewpgort( payloadSize ) { Descriptor
omni_vigwport_id u(10)
omni_vigwport_cancel_flag u(1)
if( lomni_viewport_cancel.flag ) {
omni_yiewport_persistence_flag u(1)
omni_yiewport.icnt_minus1 u(4)
for(i=[0; i <=omni_viewport_cnt_minusl; i++) {
omii viewport_azimuth_centre[ i ] i(32)
omni_viewport_elevation_centre| 1 | 1(32]
omni_viewport_tilt_centre]i | i(32)
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

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 23002-7:2022(E)

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.

omni_viewport_id equal to 0 indicates that the recommended viewports are per "director’s cut", i.e., a
viewport suggested according to the creative intent of the content author or content provider. omni_

view
of vie

Valug
Valug

bort_id equal to 1 indicates that the recommended viewports are selected based onm
(wing statistics.

s of omni_viewport_id from 2 to 511, inclusive, may be used as determinéd by the
s of omni_viewport_id from 512 to 1023 are reserved for future use by ITUT | ISO/II

encoyntering a value of omni_viewport_id in the range of 512 to 1023, inclusive, shall ignot

omnj
previ
indic

omnj

_viewport_cancel_flag equal to 1 indicates that the SEI message cancels the persig
ous omnidirectional viewport SEI message in output order. omnixviewport_cancel_fl
htes that omnidirectional viewport information follows.

_viewport_persistence_flag specifies the persistence.of the omnidirectional V|

pasurements

application.
EC. Decoders
e it.

tence of any
hg equal to 0

iewport SEI

messpge for the current layer.

omni
appli

| viewport_persistence_flag equal to 0 specifies that the omnidirectional viewport
s to the current decoded picture only.

SEI message

omni| viewport_persistence_flag equal to 1 specifies that the omnidirectional viewport
appligs to the current decoded picture and persists for all subsequent pictures of the cur
outpuit order until one or more of the following conditions are true:

SEI message
rent layer in

A

new CLVS of the current layer begiis.

The bitstream ends.

A
a

picture in the current layer in an AU associated with an omnidirectional viewport SEI message is
utput that follows thecurrent picture in output order.

irectangular
ojection SEI
rent picture,
shall not be
riewport SEI
tional video

When no omnidirectidnal video projection is indicated to apply to a picture, e.g., by an equ|
projection SEI message with erp_cancel_flag equal to 0 or a generalized cubemap pi
messhge with gcmp:cancel_flag equal to 0 being present in the CLVS that applies to the cur
an omnidirectignal viewport SEI message with omni_viewport_cancel_flag equal to 0
presgnt in the-CLVS that applies to the picture. Decoders shall ignore omnidirectional v
messhges with omni_viewport_cancel_flag equal to 0 for pictures to which no omnidireq
projection is indicated to apply.

omni_viewport_cnt_minus1 plus 1 specifies the number of recommended viewport regions that are
indicated 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 recommended viewport region, in units of 2716 degrees relative to the global coordinate axes.
The value of r\m'ni_vinulpnrf_n'ﬂ'mnt‘h_ronfr‘n[ 1 ] shallhein the range of =180 * 216 (i e, =11 7964 A.RO) to
180 * 216 - 1](i.e., 11 796 479), inclusive. The value of omni_viewport_elevation_centre[ i ] shallbe |n the
range of —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 regipn, in
units of 2714 degrees. The value of omni_viewport_tilt_centre[ i ] shall be in the range of -180(* 216
(ie., -11 796 480) to 180 * 216 - 1 (i.e., 11 796 479), inclusive.

omni_viewport_hor_range[ i ] indicates the azimuth range of the i-th recommernded viewport r¢gion,
in units of 216 degrees. The value of omni_viewport_hor_range[ i ] shall be ifrthe range of 1 to 36 * 216
(i.e., 23 592 960), inclusive.

omni_viewport_ver_range| i ] indicates the elevation range of the i-th-*fecommended viewport r¢gion,
in units of 2116 degrees. The value of omni_viewport_ver_range[ i ] shall be in the range of 1 to 18¢ * 216
(i.e., 11 796 480), inclusive.

8.16 Frame-field information SEI message

8.16.1 Frarmpe-field information SEI message syntax

frame_field |info( payloadSize ) { Descriptor
ffi_field_pic_flag u(1)
if( ffi_field_pic_flag) {
ffi_boqtom_field_flag u(1)
ffi_paik‘ing_indicated_flag u(1)
if( ffi_gairing_indicated(flag)
ffi_paired_with_next_field_flag u(1)
}else{
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 indic
constraint.

ates no such

— 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

ffi_fi
ffi_fi

model.

eld_pic_flag equal to 1 indicates that the display model considers the current picture a

s afield, and

1d_pic_flag equal to 0 indicates that the display model considers the current pictune,3

ffi_bottom_field_flag equal to 1, when present, indicates that the current picture\is a
(i-e., ghat the parity of the current picture is bottom). ffi_bottom_field_flag equalto 0'indig
currgnt picture is a top field (i.e., that the parity of the current picture is top). Thé two par
and tpp, are considered as opposite parities.

ffi_p
pair

iring_indicated_flag equal to 1, when present, indicates that the current picture i
with the next picture in output order or with the previous picture in output orde

fieldd of a frame. ffi_pairing_indicated_flag equal to 0, when present, indicates that a p
currgnt picture with another picture to form a frame is not expressed.

ffi_p

ired_with_next_field_flag equal to 1, when present, indicates that the curren

considered paired with the next picture as the two fields of a frame. ffi_paired_with_nd

equa

to 0, when present, indicates that the current-pi¢ture is considered paired with

pictufe as the two fields of a frame.

When ffi_paired_with_next_field_flag is present, the following constraints shall apply

ffi_display_fieldsifrom_frame_flag equal to 1, when present, indicates that the display mq
by seguentially/displaying the individual fields of the frame with alternating parity. ffi_di
from
currgnt picture as a complete frame.

ffi_tgp.field_first_flag equal to 1, when present, indicates that the first field of the fi

If ffi_paired_with_next_field_flag is equalto O, there shall be at least one picture in t
drecedes the current picture in outpit order and the picture that precedes the curre
dutput order shall have the opposite parity and ffi_pairing_indicated_flag equal to 1 4
0

(Qtherwise, there shall be atléast one picture in the CLVS that follows the current pict
drder and the picture thatfollows the current picture in output order shall have the op
and ffi_pairing_indicated_flag equal to 1 and the value of ffi_paired_with_next_field |
fpllowing picture imputput order shall be equal to 0.

| frame_flag equal to 0, when present, indicates that the display model operates by d

s a frame.

bottom field
ates that the
ities, bottom

5 considered
r as the two
hiring of the

t picture is
xt_field_flag
the previous

he CLVS that
nt picture in
nd the value

f ffi_paired_with_next_field_fldgfor that preceding picture in output order shall be eIual to 1.

re in output
posite parity
flag for that

del operates
splay_fields_
splaying the

rame that is

displayed by the display model is the top field. ffi_top_field_first_flag equal to 0, when present, indicates
that the first field of the frame that is displayed by the display model is the bottom field.

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
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reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this
edition of this document.

NOTE1 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  Frame doubling can be used to facilitate the display, for example, of 25 Hz progressive-scan video on

a 50 Hz progfessive-scan dispiay or 30 HZ progressive-scan video on a 60 HZ progressive-scan aispiay-|Using
frame doublifg and frame tripling in alternating combination on every other frame could be used to facilitqte the
display of 24 Hz progressive-scan video on a 60 Hz progressive-scan display.
Table 14 — Interpretation of frame-field information syntax elements
o0
=
S
Q.)I
1) £
= £ v
% < °
> = oo | 2
EREEEEERR: . . : .
= é u‘:l | A Indicated display of the picture by the display
s g | 2w model
= [ =
23 3 |5
SIE & | < E
S | 2
£ E (B |2 |2
Q| — = =
=15 3|2z
~ =] -2 =) —
[TRE=] = - =%
T S P N
== & A
- 10 -11 (progressive) Frame
- 1 0 2 Bottom field, top field, in that order
- 1 2 Top field, bottom field, in that order
0 Bottom field, top field, bottom field repeated,
-11]01|3 .
in that order
Top field, bottom field, top field repeated,
-1 ] 3 X
in that order
kol - I n (progressive) Frame
displayed for n elemental periods of time
- 1 0 2 Bottom field, top field, in that order,
each displayed for 1 elemental period of time
_ 1 1 9 Top field, bottom field, in that order,
1 each aispiayed for L elementat pertod of time
Bottom field, top field, bottom field repeated,
- 1 0 3 in that order,
each displayed for 1 elemental period of time
Top field, bottom field, top field repeated,
- 1 1 3 in that order,
each displayed for 1 elemental period of time
0 o|-1]-11 Top field
1| -1 -1 Bottom field
1 ol - |- |1 Top field
1 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 be a duplicate of a
previous picture in output order. ffi_duplicate_flag equal to 0 indicates that the current picture is not

: d' PRS- N 1 21 h b= £ - L. - i = -l
INdIiCateu o DT a auplItate Of a4 previous pIcture nr output oract.

NOTH3  The ffi_duplicate_flag could be used to mark coded pictures known to have(erigihated from a
repetjtion process such as "3:2 pull-down" or other such duplication and picture rate interpolation methods. This
flag would commonly be used when a video feed is encoded as a field sequence in a "transport pass-through"
fashidn, with known duplicate pictures tagged by setting ffi_duplicate_flag equal to L

NOTH4  When ffi_field_pic_flagis equal to 1 and ffi_duplicate_flag is equal to A, this could be intgrpreted as an
indicdtion that the AU contains a field that duplicates the content of the preyious field in output drder with the
same jparity as the current field.

8.17|Sample aspect ratio information SEI message

8.17.1 Sample aspect ratio information SEI message syntax

sample_aspect_ratio_info( payloadSize ) { De¢scriptor
sdri_cancel_ﬂag u(1)
if(|!sari_cancel_flag ) {
sari_persistence_flag u(1)
sari_aspect_ratio_idc u(8)
if( sari_aspect_ratio_idc = = 255)) {
sari_sar_width u(16)
sari_sar_height u(16)
}

8.17.2 Sample aspect ratio information SEI message semantics

The $ARI-SEI message provides information about the sample aspect ratio of the samples of the
assocmmm@mmmw;mﬁammugﬂagmm@ be no SARI

SEI 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 following 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_aspect_ratio_idc, when not equal to 255, indicates the sample aspect ratio of the luma samples of

the decodedfoutput picture, with the same semantics as specified for the SampleAspectRatio paraineter
in Rec. ITU-T H.273 | ISO/IEC 23091-2. When the sari_aspect_ratio_idc syntax element is nof)pr¢sent,
the value off sari_aspect_ratio_idc is inferred to be equal to 0. Values of sari_aspect_ratio_id¢ that

are specified as reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not\b€ pres

ent in

bitstreams donforming to this edition of this document. Decoders shall interpret valués of sari_aspect_
ratio_idc thgt are reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 asrequivalent to the

value 0.

sari_sar_widlth, when present, indicates the horizontal size of the sample aspect ratio (in an arbitrary

unit).

sari_sar_hejght, when present, indicates the vertical size of the sample aspect ratio (in the

arbitrary unjit as sari_sar_width).

When preseft, sari_sar_width and sari_sar_height shall be relatively prime or equal to 0. When

same

sari_

aspect_ratio| idc is equal to 0 or sari_sar_width is equal to O%er sari_sar_height is equal to 0, the sgmple

aspect ratio s unknown or unspecified or specified by other means not specified in this documen

8.18 Annotated regions SEI message

8.18.1 Annptated regions SEI message syntax

annotated_tegions( payloadSize ) { Descriptor
ar_cance]_flag u(1)
if( lar_cancel_flag) {
ar_not| optimized_for viewing_flag u(1)
ar_trug_motion_flag u(1)
ar_occjuded_object_flag u(1)
ar_partial_object_flag_present_flag u(1)
ar_object_label_present_flag u(1)
ar_objectconfidence_info_present_flag u(1)
if(ar_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)
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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] ] st(v)
¥ =
} Hald
} s
ar_num_object_updates a AN ue(v)
for(i=0;i<ar_num_object_updates; i++ ) { R QY
ar_object_idx[i] q‘,bv ue(v)
ar_object_cancel_flag //C) i u(l1)
ObjectTracked[ ar_object_idx[i] ] = !ar_object_cancel_flag\\\v
if( lar_object_cancel_flag) { \%\J
if(ar_object_label_present_flag ) { (-s\\ N
ar_object_label_update_flag /\Q - u(1)
if( ar_object_label_update_flag ) QY
ar_object_label_idx[ ar_object_iq@\l‘] ] ue(v)
} <2
ar_bounding_box_update_flagk\Q‘ u(1)
if(ar_bounding_box_update 1(@33 {
ar_bounding_box can@gﬁA flag u(1)

Ob]ectBoundlngBo@vall ar_object_idx[i] ] =
lar_bounding:box_cancel_flag

if(lar, boundmg\f)ox cancel_flag) {

ar_bowiiding_box_top][ ar_object_idx[ i] ] u(16)
ar_bounding_box_left[ ar_object_idx[i] ] u(16)
A@oundmg_box_wndth[ ar_object_idx[i]] u(16)
\O\S;_bounding_box_height[ ar_object_idx[i]] u(16)
(-? if( ar_partial_object_flag_present_flag)

R ar_partial_object_flag[ ar_object_idx[i] ] u(l)

if( ar_object_confidence_info_present_flag)
ar_object_confidence[ ar_object_idx[i] ] u(v)

}
}
}
}
}
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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:

and CroppedHeight, respectively

A conformance cropping window left offset, ConfWinLeftOffset

Acropped picturewidthand picture heightin units ofluma samples, denoted herein by CroppedWidth

A confo

A chrom

The variable

ar_cancel_f]
annotated r
regions SEI
follows.

When ar_car
ObjectTrack

ar_not_optil
regions SEI

other purpo
flag equal tq
may or may

ar_true_mo
annotated r
motion for o
information
selected wit

ar_occluded
bounding_b
box_height[
of an object {
ar_occluded |

TITance Cropping window top offset, Conf WinTopOffset
a format indicator, denoted herein by ChromaFormatldc, as described in subclaase’7.
s SubWidthC and SubHeightC are derived from ChromaFormatldc as specified by Tabl

ag equal to 1 indicates that the SEI message cancels the persistence-of any pre

message applies. ar_cancel_flag equal to 0 indicates that annotated regions inform

cel_flagequal to 1 or anew CVS of the current layer begins;the variables Label Assigng
pd[ i ], and ObjectBoundingBoxAvail are set equal to 0 for i the range of 0 to 255, incl

nessage applies to are not optimized for user viewing, but rather are optimized for
se such as algorithmic object classification performance. ar_not_optimized_for_viey

0 indicates that the decoded pictures that.the annotated regions SEI message appl
hot be optimized for user viewing.

fion_flag equal to 1 indicates that thé motion information in the coded pictures th:
poions SEI message applies to was Selected with a goal of accurately representing ¢
bjects in the annotated regions. ar_true_motion_flag equal to 0 indicates that the m
in the coded pictures that the ‘annotated regions SEI message applies to may or may 1
h a goal of accurately representing object motion for objects in the annotated regions

_object_flag equal to I-indicates that the ar_bounding_box_top[ ar_object_idx[ i ]

hr_object_idx[ 1] { syntax elements represent the size and location of an object or a pd
hat may not be\isible or may be only partially visible within the cropped decoded pi
object_flagsequal to O indicates that the ar_bounding_box_top[ ar_object_idx][ i ]

bounding_b
box_height[
entirely visil
the value of

ar_object’idx[ i ] ] syntax elements represent the size and location of an object t
ble within the cropped decoded picture. It is a requirement of bitstream conformanc

3.
e 2.

vious

bgions SEI message that is associated with one or more layers teywhich the annagtated

ation

pd[1],

1sive.

mized_for_viewing_flag equal to 1 indicates that the decoded pictures that the anndtated

some
ving_
les to

it the
bject
otion
ot be

], ar_

px_left[ ar_object_idx}i | ], ar_bounding_box_width[ ar_object_idx[ i ] ], and ar_bounding_

rtion
rture.
], ar_

px_left[ arcobject_idx[ i ] ], ar_bounding_box_width[ ar_object_idx[ i ] ], and ar_bounding_

hat is
b that
tures

ardoccluded_object_flag shall be the same for all annotated_regions( ) syntax struc

within a CVS:

ar_partial_object_flag_present_flag equal to 1 indicates that ar_partial_object_flag[ 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.

ar_bik_equal_to_zero shall be equal to zero.

ar_ol
term
than
the I

ject_label_language contains a language tag as specified by IETF RFC 5646 fellow
nation byte equal to 0x00. The length of the ar_object_label_language syntax elément
pbr equal to 255 bytes, not including the null termination byte. When not present, the
bel is unspecified.

red by a null
shall be less
language of

ar_num_label_updates indicates the total number of labels associated-with the annotated|regions that
are signalled. The value of ar_num_label_updates shall be in the range, of'0 to 255, inclusivg.

ar_lapel_idx][ i | indicates the index of the signalled label. The valile of ar_label_idx[ i ] shall be in the

rangg of 0 to 255, inclusive.

ar_lapel_cancel_flag equal to 1 cancels the persistence scope of the ar_label_idx[ i ]-th la

cancgl_flag equal to 0 indicates that the ar_label_idx[ i {-tlrlabel is assigned a signalled valye.

LabelAssigned[ ar_label_idx[ i ] ] equal to 1 indicates that the ar_label_idx[ i ]-th label
LabelAssigned[ ar_label_idx[ i ] ] equal to 0 indicates that the ar_label_idx[ i ]-th label is no

ar_lapel| ar_label_idx[ i ] ] specifies the cohtents of the ar_label_idx[ i | -th label. The
ar_label[ ar_label_idx[i] ] syntax element;shall be less than or equal to 255 bytes, not incl
termjnation byte.

ar_num_object_updates indicates“the number of object updates to be signalled. ar |

bel. ar_label _

is assigned.
F assigned.

lEngth of the

ing the null

num_object_

updates shall be in the range of @ fo 255, inclusive.

ar_object_idx][ i ] is the index of the object parameters to be signalled. ar_object_idx[ i | shall be in the
rangg of 0 to 255, inclusive:

ar_object_cancel_flag equal to 1 cancels the persistence scope of the ar_object_idx][ i |-th object. ar_

objedt_cancel_flagequal to 0 indicates that parameters associated with the ar_object_idx
are signalled,

i ]-th object

t is tracked.
t tracked.

Objed

tTracked[ ar_object_idx[ i ] ] equal to 1 indicates that the object_idx[ i ]-th objec
Objed i

tTracked[ ar_object_idx[ i ] ] equal to 0 indicates that the object_idx][ i ]-th object is ng

ar_object_label_update_flag equal to 1 indicates that an object label is signalled. ar_object_label_
update_flag equal to 0 indicates that an object label is not signalled.

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_bounding_

box_width[ :\r_nh}'nrf_idv[ i ] ]’ and nr_hnllnding_hnv_hnighf[ ar_nhjnrf_idv[ i ] ] cpnrif_r the
coordinates pf the top-left corner and the width and height, respectively, of the bounding box ofthe ar_
object_idx[ i|]-th object in the cropped decoded picture, relative to the conformance cropping window
specified by|the active SPS.

The value |of ar_bounding box_left[ ar_object_idx[ i ] ] shall be in the~range of [0 to
CroppedWidth / SubWidthC - 1, inclusive.

The value |of ar_bounding box_top[ ar_object_idx[ i ] ] shall be in_ the range of [0 to
CroppedHeight / SubHeightC - 1, inclusive.

The value |of ar_bounding_box_width[ ar_object_idx[ i ] ] shal\be in the range of |0 to
CroppedWidth / SubWidthC - ar_bounding_box_left[ ar_object_idx[i Nyinclusive.

The wvalue |of ar_bounding_box_height][ ar_object_idx[ i ] <} shall be in the range of |0 to
CroppedHeight / SubHeightC - ar_bounding_box_top[ ar_obje¢t_idx[i] ], inclusive.

The identified object rectangle contains the luma samples with horizontal picture coordinates
from SubWigthC * ( ConfWinLeftOffset + ar_bounding_box_left[ ar_object_idx[ i ] | ) to SubWidthC *
( ConfWinLgftOffset + ar_bounding_box_left[ ar_objéct_idx[ i ] ] + ar_bounding_box_width[ ar_object_
idx[1]]) - [L, inclusive, and vertical picture coordinates from SubHeightC * ( ConfWinTopOffset|+ ar_
bounding_b¢x_top[ ar_object_idx[i]]) to SubHeightC * ( ConfWinTopOffset + ar_bounding_box_top[ ar_
object_idx[ i[] ] + ar_bounding_box_height[ ar-ebject_idx[i] ] ) - 1, inclusive.

When ChrormpaArrayType is not equal te-0, the corresponding specified samples of the two chroma
arrays are the samples having picturécoordinates ( x / SubWidthC, y / SubHeightC ), where ( x, y|) are
the picture doordinates of the specified luma samples.

The values of ar_bounding_bex‘top[ ar_object_idx[ i | ], ar_bounding_box_left[ ar_object_idx][ i ]
bounding_b¢x_width[ ar_object_idx[ i | ] and ar_bounding_box_height[ ar_object_idx[ i ] ] pers
output ordef within the €VS for each value of ar_object_idx[ i ]. When not present, the values

bounding_b¢x_top[ arlebject_idx[ i ] ], ar_bounding_box_left[ ar_object_idx[ i ] ], ar_bounding
width[ ar_ohject_idx[ ) | ] or ar_bounding_box_height[ ar_object_idx[ i ] | are inferred from a pre|
annotated rg¢gions SEI message in output order in the CVS, if any.

], ar_
ist in
Of ar_
| box_
vious

ar_partial_qgbject flag[ ar object idx[ i | ] equal to 1 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 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 confidence. The length of the
ar_object_confidence[ ar_object_idx[ i ] ] syntax element is ar_object_confidence_length_minus1 + 1
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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_layers_minus1 u(6)
sdi_multiview_info_flag u(1)
sdi_auxiliary_info_flag u(1)

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)

}

8.19.2 Scalability dimension information SEI message semantics

The gcalability dimension information (SDI) SEI message provides the SDI for each layer in the current
CVS, 1.e., the GVS.containing the SDI SEI message, such as 1) when there may be multiple vidws, the view
ID of pach layer; and 2) when there may be auxiliary information (such as depth or alpha) c3grried by one
or mgre/layers, the auxiliary ID of each layer.

CRI-CET

Wherrarr SD SEfmessage is presentimany AU of a €VS, am SBSETmessage shattbepresernt for the first
AU of the CVS. All SDI SEI messages in a CVS shall have the same content.

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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