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Foreword

-7:2021(E)

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

The International Organization for Standardization (ISO) and International Electrotechnical
Commission (IEC) draw attention to the fact that it is claimed that compliance with this document may
involve the use of patents.

ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licences
under reasonable and non-discriminatory terms and conditions with applicants throughout the world.
In this respect, the statements of the holders of these patent rights are registered with ISO and IEC.
Information{may be obtained from the patent database available at www.iso.org/patents.

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 gny or all such patent rights.
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Information technology — MPEG video technologies —

Part 7:
Versatile supplemental enhancement information
messages for coded video bitstreams

1

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

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

ina

systems that make use of such coded video bitstreams. This documengt-is particularly inte
with poded video bitstreams as specified by Rec. ITU-T H.266 | ISO/IEC23090-3, although
used with other types of coded video bitstreams.

VUI

Howgver, unless otherwise specified in a referencing specification, the interpretation ar

VUI

decodler or receiving video system. Although semantics/are specified for the VUI paramgd
messhges, decoders and receiving video systems can simply ignore the content of the VU

and

document.

2
The

constlitutes requirements of this;document. For dated references, only the edition cited
undated references, the latest-edition of the referenced document (including any amendme

Recommendation ITU-T ‘H.273 | ISO/IEC 23091-2,Coding-independent code points for
type Identification

ISO/(QIE 11664-1, Colorimetry — Part 1: CIE standard colorimetric observers

ISO/IEC 1157831996, Information technology — Open Systems Interconnection — Remo

Call

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

Ycope

ideo coding specification or to be conveyed by other means determined by the spec

parameters and SEI messages can assist in processes related-to decoding, display or oth

parameters and SEI messages specified in this docufient is not a required functionali

JEI messages or can use them in a mannerithat somewhat differs from what is spe

rIQormative references

llowing documents are referred to in the text in such a way that some or all of {

PC)
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ages defined
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nded for use
t can also be

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

heir content
applies. For
nts) applies.

video signal

te Procedure

non standard

facilities

IETF RFC 1321, The MD5 Message-Digest Algorithm

3

Terms and definitions

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

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

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

IEC Electropedia: available at http://www.electropedia.org/
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3.1
AU
access unit

002-7:2021(E)

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

3.2
APS

adaptation parameter set
syntax structure containing syntax elements that apply to zero or more slices as determined by zero or

more syntax

3.3

associated ]
previous IRA
particular p1

3.4
azimuth cir
circle on a s

Note 1 to entr

3.5
byte
sequence of

elements found in slice headers

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

cle

here connecting all points with the same azimuth value

y: An azimuth circle is always a great circle like a longitude line on theéearth.

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

right-most bjits represent the most and least significant bits, réspectively, and the bits are writt

read from le

3.6

chroma
sample arra
primary cold

Note 1 to enty
linear light tr

3.7

CLVS

coded layer Y
sequence of
more PUs thj
thatis a CLV]

3.8
CLVSS PU
PU in which

39
CLVSS

[t to right

[y or single sample representing one of\the two colour difference signals related ]
urs, represented by the symbols Cb and Cr

y: The term chroma is used rather than the term chrominance in order to avoid implying the
hnsfer characteristics that is often\associated with the term chrominance.

rideo sequence

PUs of the same dayer that consists, in decoding order, of a CLVSS PU, followed by zg
it are not CLVSS PUs, including all subsequent PUs up to but not including any subseque
bS PU

Lhe coded picture is a CLVSS picture

s the

t and
en or

o the

use of

ro or
nt PU

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 I[RAP 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.

3.10
coded picture
coded representation of a picture containing all CTUs of the picture

© ISO/IEC 2021 - All rights reserved
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3.11
coded slice NAL unit
NAL unit that contains a coded slice

3.12
coded video bitstream
sequence of bits that forms the representation of a sequence of AUs forming one or more CVSs

3.13

CVS

coded video sequence

sequence of AlUs that r‘nhcicfc, 1n Haﬁnr]ing nrr]ar" ofa CVUSS A”’ followed hy zero or more Alls that are not

CVSS)AUs, including all subsequent AUs up to but not including any subsequent AU that is/a.(VSS AU

3.14
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

3.15
component
array or single sample from one of the three arrays (luma and two<hroma) that compose¢ a picture in
4:2:0[4:2:2, or 4:4:4 colour format or the array or a single sample-ef.the array that composg a picture in
mondchrome format

3.16
constituent picture
part pf a spatially frame-packed stereoscopic picturethat corresponds to one view, or a picture itself
wher] frame packing is not in use or the temporal interleaving frame packing arrangement |s in use

3.17
cropped decoded picture
resulf of cropping a decoded picture based.on the conformance cropping window for the cgrresponding
coded picture

3.18
decofled picture
decoded picture is derived bydecoding a coded picture

3.19
decofler
embddiment of a dec¢oding process

3.20
decofling order
ordey in avhich syntax elements are conveyed in the coded video bitstream and are prdcessed by a
decodingprocess

3.21
decoding process
process that reads a coded video bitstream and derives decoded pictures from it

3.22
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.

3.23
encoder
embodiment of an encoding process

© ISO/IEC 2021 - All rights reserved 3
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3.24

002-7:2021(E)

encoding process

process that

produces a coded video bitstream

3.25

field

assembly of alternative rows of samples of a frame

3.26

flag

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

3.27

frame

composition|of a top field and a bottom field, where sample rows 0, 2, 4, ... originate from(the top field
and sample fows 1, 3, 5, ... originate from the bottom field

3.28

global coorglinate axes

coordinate pxes associated with omnidirectional video that are associated” with an extefnally
referenceablle position and orientation

Note 1 to entfy: The global coordinate axes could correspond to the position'‘and orientation of a device|or rig
used for omrjidirectional audio/video acquisition as well as the position“ef“an observer's head in the three-
dimensional dpace of the omnidirectional video rendering environment.

3.29

great circle

intersection|of a sphere and a plane that passes through,thecentre point of the sphere

Note 1 to entyly: A great circle is also known as an orthodyoete or Riemannian circle.

3.30

inter prediqtion

aspect of thg decoding process for a coded @icture that makes use of data derived from the decpding
process of onle or more previously decoded reference pictures

3.31

IRAP pictune

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

3.32

layer

set of VCL NAL units that all have a particular value of layer identifier and the associated nop-VCL
NAL units, wheréin the layer identifier is a variable for which the value is specified by a video cpding
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.

3.33

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

3.34

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

© ISO/IEC 2021 - All rights re
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3.35

luma

sample array or single sample representing the monochrome signal related to the primary colours,
represented by the symbol or subscript Y or L

Note 1 to entry: The term luma is used rather than the term luminance in order to avoid implying the use of
linear light transfer characteristics that is often associated with the term luminance. The symbol L is sometimes
used instead of the symbol Y to avoid confusion with the symbol y as used for vertical location.

3.36

NAL unit

syntax structure containing an indication of the type of data that follows and bytes containing that data
in a manner that enables the extraction of a string of data bits from the syntax structure

3.37

non-YCL NAL unit

NAL ynit that is not a VCL NAL unit

3.38
omnidirectional video
vided content in a format that enables rendering according to thecsuser's viewing orientfation, e.g., if
viewed using a head-mounted device, or according to a user's desiredviewport, reflecting p potentially
rotatpd viewing position

3.39
outppt order
orderf in which the decoded pictures are output from the decoder (for the decoded pictures that are to be
outpuit from the decoder)

3.40
outppt time
time when a decoded picture is to be output from the decoder (for the decoded pictures that are to be
outpuit from the decoder)

3.41
packed region
region in a region-wise packed picture that is mapped to a projected region according|to a region-
wise packing

3.42
picture
array| of luma samples in monochrome format or an array of luma samples and two cdrresponding
arrays of chroma-samples in 4:2:0, 4:2:2, and 4:4:4 colour format

Note ] 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.

3.43
PPS
picture parameter set

A syntax structure containing syntax elements that apply to zero or more entire coded pictures as
determined by a syntax element that is the same for all slices of a picture and found in the picture header
or slice headers of each picture

3.44

PU

picture unit

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

© ISO/IEC 2021 - All rights reserved 5
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3.45
projected picture
picture that uses a projection format for omnidirectional video

3.46
projected region
region in a projected picture that is mapped to a packed region according to a region-wise packing

3.47

projection
specified correspondence between the colour samples of a projected picture and azimuth and elevation
positions on@a-sphere

3.48
random access
act of startiIIg the decoding process for a coded video bitstream at a point other than the beginning of
the bitstrea

3.49
RASL picture
leading picture that cannot be correctly decoded when the decoding proces$starts from the asso¢iated
IRAP picture

3.50
reference pjcture
picture that| contains samples that could be used for inter-prediction in the decoding procdgss of
subsequent pictures in decoding order

3.51
reference pjcture list
list of reference pictures that is used for inter predictioun of a slice

3.52
region-wisg packed picture
decoded picfure that contains one or more‘packed regions

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

3.53
region-wisq packing
transformatjon, resizing, aiid,relocation of packed regions of a region-wise packed picture to remdp the
packed regiops to projected-.regions of a projected picture

3.54
sample aspect ratio
indicated wirith-to—height aspect ratio of the luma samples of the associated decoded pictures

3.55

slice

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

3.56
source
term used to describe the video material or some of its attributes before encoding

3.57
sphere coordinates
azimuth and elevation angles identifying a location of a point on a sphere

6 © ISO/IEC 2021 - All rights reserved
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3.58

sphere region

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

3.59

STSA picture

coded picture that enables up-switching, at the coded picture, to the temporal sublayer containing the
coded picture, from the immediately lower temporal sublayer of the same layer when the coded picture

does not belong to the lowest temporal sublayer

the S
pictul
other

3.60

ifier as the STSA picture for inter prediction reference. Pictures following an STSA picture ind

o-2n D e a ne me a¥a BV a pne m em

same layer and with the same temporal sublayer identifier as the STSA picture do not use|pig
SA picture in decoding order in the same layer and with the same temporal sublayer identifig

e for inter prediction reference. STSA pictures in an independent layer (i.e., a layerthat does
layers in its decoding) always have a temporal sublayer identifier greater than 0

syntax element

elemg

3.61

ent of data represented in a syntax structure

syntax structure

Zero
wher
consi

3.62

or more syntax elements that are present together in-a specified order in a string
e the left-most bit is considered to be the first and{most significant bit, and the rig}
dered to be the last and least significant bit

SEI

valué

3.63

temp
subseé
sublq

3.64

temp
numbk
codin
relati
refer

ssage
structure that provides a particular type of information that assists in processq

e
Synt%x
decodling, display or other purposes but is iot needed by the decoding process in order to d

s of the samples in decoded pictures

oral sublayer
t of a temporal scalable-bitstream, consisting of VCL NAL units with a particular valug
yer identifier and the associated non-VCL NAL units

oral sublayer identifier

er greater than or equal to 0 defined by a variable for which the value is specifie
g specification such that pictures of all temporal sublayers have a specified temporal

ve to edch other and pictures with a lower temporal sublayer identifier can be deca
bncetQ\pictures with a higher temporal sublayer identifier

oral sublayer
pcoding order
tures prior to
br as the STSA
ot depend on

of data bits,

t-most bit is

s related to
btermine the

e of temporal

d by a video
butput order
ded without

3.65

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, where the angle value increases clockwise when looking from the origin towards the positive
end of the axis

3.66

trailing picture

coded picture that is associated with an IRAP picture and follows the IRAP picture in both decoding
order and output order

© ISO/IEC 2021 - All rights reserved
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3.67

VCL NAL unit

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

3.68

VUI parameters

syntax structure that identifies properties of interpretation of decoded pictures for display purposes,
particularly including colour representation information

3.69
viewport
region of ompidirectional video content suitable for display and viewing by the user

4 Abbreviated terms

AU adcess unit

APS adaptation parameter set
CRC cyclic redundancy check
CLVS cqded layer video sequence

CLVSS cdded layer video sequence start
CVS cqded video sequence

DRAP d¢pendent random access point

FIR finite impulse response
IRAP intra random access point
NAL ngtwork abstraction layer
PPS picture parameter set

PU p]i[ture unit

RASL rgdndom accessskipped leading

RWP region-wise packing

SAR sgmple aspect ratio

SARI sarmple aspect Tatio Iformation

SEI supplemental enhancement information
STSA step-wise temporal sublayer access

VCL video coding layer

VUI video usability information

8 © ISO/IEC 2021 - All rights reserved
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5 Conventions

5.1

General

-7:2021(E)

The term "this document” is used to refer to this Recommendation | International Standard.

In thi

s document, the following verbal forms are used:

“shall” indicates arequirement. When used to express a mandatory constraint on the values of syntax
elements or the values of variables derived from these syntax elements, it is the responsibility of the

e

ncoder to ensure that the constraint is fulfilled.

«

Infor

toen
canc

The v
use b
could
ITU-T

The
that {
mear

hould” indicates a recommendation. It is used to refer to behaviour of an implemeén
ncouraged to be followed under anticipated ordinary circumstances, but is not@réq
onformance to this document.

may” indicates a permission.
ran” indicates a possibility or a capability.

mation marked as “NOTE” is intended to assist the understanding-or use of the docu
ry” used in Clause 3 provide additional information that supplements the terminolog
bntain provisions relating to the use of a term.

vord "reserved" is used to specify that some values of-a‘particular syntax element a

y ITU-T | ISO/IEC and shall not be used in syntax<structures conforming to this dg
potentially be used in syntax structures conforming to future editions of this ¢
| ISO/IEC.

vord "unspecified" is used to describe seme values of a particular syntax elemen
he values have no specified meaning inthis document and are not expected to hav,
ing in future editions of this document by ITU-T | ISO/IEC.

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

langy
preci

Numl]
"the 5

5.2

age. However, the results of integer division and arithmetic shift operations are d
sely, and additional operations are defined, such as exponentiation and real-valued di

pering and counting conventions generally begin from 0, e.g., "the first" is equivalen
econd" is equivalentito'the 1-th, etc.

Arithmetic opérators

addition

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

ation that is
uirement for

ment. “Notes
ical data and

re for future
cument, but
ocument by

[ to indicate
e a specified

fogramming
efined more
vision.

[ to the 0-th,

Xy

mmuttiptcation, inctuding mmatrix muitiptication

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
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division in mathematical equations where no truncation or rounding is intended

mmation 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 withx>=0andy >0

5.3 Logical operators

x&&y  Booleanlogical "and" of x and y

x|y B¢olean logical "or" of x and y

! Boolean logical "not"

x?y:z if

x is TRUE or not equal to 0, evaluates to the value of y;

otherwise, evaluates to the value of z
5.4 Relatjonal operators
> gileater than
>= gileater than or equal to
< lefs than
<= leps than or equal to
== edual to
I= nqt equal to
When a relational operator 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-wjse operatois
& bit-wise "and”
Whien.opérating on integer arguments, operates on a two's complement representation of the
int¢gervalue. When operating on a binary argument that contains fewer bits than anothr ar-

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

bit-wise "or"

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

10
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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 t

o 0.

x>>y  arithmetic right shift of a two's complement integer representation of x by y binary digits
This function is defined only for non-negative integer values of y. Bits shifted into the 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 Ieft Shift of a two's complement Integer representation of x by y binary|digits
This function is defined only for non-negative integer values of'y. Bits shifted-into [the least sig-
nificant bits (LSBs) as a result of the left shift have a value equal to 0.
5.6 [Assignment operators
= assignment operator
++ increment, i.e., x++ is equivalent to x = x + 1; when used in an'drray index, evaluatef to the value
of the variable prior to the increment operation
-- decrement, i.e., x- — is equivalent to x = x - 1; when used in an array index, evalluates to the
value of the variable prior to the decrement operation
+= increment by amount specified, i.e., x += 3 islequivalent to x = x + 3, and x += (-3) |s equivalent
tox=x+ (-3)
-= decrement by amount specified, i.e¥X== 3 is equivalent to x =x - 3, and x -= (-3) |s equivalent
tox=x-(-3)
5.7 [Range notation
x=y|z  xtakesoninteger values starting from y to z, inclusive, with x, y, and z being integger numbers
and z being greatef than y
5.8 [Mathematicalfunctions
X2 x>=0
Aps(x) = (@8]
=X ; x<0
Akin('x) trigonometric inverse sine function, operating on an argument x that is in the fange of -1.0
te 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 2021 - All rights reserved
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Atan( y ) ; x>0
X
y
At = K
an( X j T Xx<0&&y>=0
Atan2(y,x) =
Atan(x)—n ; x<0&&y<0
X
T
2 ; x==0&&y>=0
T ; otherwise
2
Ceil( x ) gmallest 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
XYL Xy Xy =" " %y
y

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

i=x

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

X<yu ||X< yu ||X>yn || =yn

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

"X | y"

"X && yll

llX | | yll
"x?y:z
"X y"

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

5.10( Variables, syntax elements-and tables

Syntgx 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 decoding 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 Upper case letter and without any underscore characters. Variables starting with ap upper case
lette ate derlved for the decodmg of the current syntax structure and all dependlng syntag structures.

s b & process for
later syntax structures W1thout mentlomng the originating syntax structure of the variable. Variables
starting with a lower case letter are only used within the subclause in which they are derived.

In some cases, "mnemonic” names for syntax element values or variable values are used interchangeably
with their numerical values. Sometimes "mnemonic" names are used without any associated numerical
values. The association of values and names is specified in the text. The names are constructed from
one or 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 as.a 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.elemert of a
matrix s at Horizontal position x and vertical position y could be denoted either as s[ x ][y ] 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]is se

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 rlepresents 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, a[statementefiogical operations as would be described mathematically in the following form:

if( condition|0 )
statement 0

else if( cond]tionr1 )
statementT

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:

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

else if(_condition 1a || condition 1b)
stdtement 1

else
stdtement n

is typically described in the following manner:
... as follows / ... the following applies:
— Ifall of the following conditions are true, statement 0:

— condition Oa

— condition Ob

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

— condition 1a

—~ condition 1b

— (therwise, statement n
In the text, a statement of logical ©perations as would be described mathematically in the following form:
if( copdition 0 )
stdtement 0
if( copdition 1)
stgtement 1

is tygically desctibed in the following manner:

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

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

— Ifthevariables atthe invoking and the process specification do not have the same name, the variables
are explicitly assigned to lower case input or output variables of the process specification.
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Otherwise (the variables at the invoking and the process specification have the same name),
assignment is implied.

6 Syntax and semantics

6.1 General

It is intended that this document is referenced by other technical specifications, which should specify
certain necessary elements to enable the use of the specified VUI parameters and SEI messages.

Technical speetfieatic 3 erence-thisdoctmentfor—carryingV aramreters—syntax—s
shall specify] a container to carry the data of the VUI parameters syntax structure and to identif
length in bity of the VUI parameters syntax structure, e.g., the vui_payload( ) syntax strucure'spe
in Rec. ITU-TH.266 | ISO/IEC 23090-3. The design of the container needs to provide the ability to d
the number [of bits in the vui_parameters( ) syntax structure and to allow the number® of bits
increased in|future editions of this document, thus enabling this document to provide ‘extensibil
directly appgnding additional syntax elements to the end of the vui_parameters(-)-syntax structyire in
future editigns of this document. The syntax of the container of the vui_parameters( ) syntax strt:llcture
is outside thg scope of this document.

etect
to be

ty by

Technical spjecifications that reference this document for carrying SEI messages shall specify a w
carry the pajyload syntax of each specified SEI message, to identify which SEI message is conveyeq
to identify the length in bits of the SEI message syntax structure, the sei_payload( ) syntax strul
specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T #.265 | ISO/IEC 23008-2. The des
the containgr needs to provide the ability to detect the numbfer)of bits in an SEI message and to
the number pf bits to be increased in future editions of this document, thus enabling this docum
provide extgnsibility by directly appending additional syntax elements to the end of the SEI me
syntax strudture in future editions of this document. The'syntax of the container of the SEI messag
well as the npethod of identifying which SEI messageis outside the scope of this document.

ay to
1, and
cture
gn of
allow
bnt to
ssage
res as

The length

referred to h
this docume
payloadSize,

its is
ed in
riable

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|
ht. The number of bytes that centains the payload data is referred to herein by the va
where payloadSize is equal-to Ceil( PayloadBits + 8).

For the VUI
than the fill
values of Pa

other
), the
some

barameters and most of'the SEI messages specified in this edition of this document
b1 payload, user datarégistered, user data unregistered, and reserved SEI messages
floadBits and paylpadSize are not used for the parsing of the syntax. However, in

future editic
syntax spec
data is pres¢
earlier editiq

The syntax g
establishes,

n of this document, the value of PayloadBits or payloadSize could be used as part
fication forcthese syntax structures, for example to identify whether payload exte
nt in the VytFparameters or in an SEI message syntax structure that was not specified
n of this.document.

pecification in Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23

f the
nsion
inan

)08-2

inder some circumstances a certain pattern of bits that is used for dnfnrfing the va

ue 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.

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.
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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
emulation prevention bytes as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3. When such emulation
prevention bytes are present, the emulation prevention bytes are not counted when determining the
values of PayloadBits and payloadSize.

6.2 Method of specifying syntax in tabular form

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

This pubclause lists examples of the syntax specification format. When syntax_elemerJt appears, it
specifies that a syntax element is parsed from the VUI parameters syntax or an SEDmes$sage syntax
and the data pointer is advanced to the next position beyond the syntax element/in the syptax parsing
process.

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

conditioning statement

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

{

§tatement

§tatement

/* Alwhile" structure specifies a test of whether a condition is true, and if true, specifies
evalfiation of a statement(or compound statement) repeatedly until the condition is no
longgr true */

whilg( conditiony)

§tatement

/* Al'dor.while" structure specifies evaluation of a statement once, followed by a test

OfW athar A conditinnm ictriin Aandiftrin cnmneifinc rannatad ngaliiatinn Af+hn ctatnannt
retera-eonataoistHrue,anaHtrue; SpeceSrepeateaevardaton ortae-Statement

until the condition is no longer true */
do

statement

while( condition )

/* An"if ... else" structure specifies a test of whether a condition is true and, if the condition
is true, specifies evaluation of a primary statement, otherwise, specifies evaluation 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
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else

alternative statement

/* A "for" structure specifies evaluation of an initial statement, followed by a test of a
condition, and 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 statement

6.3 Speci

The functior
expressed if
that indicatd

read_bits( n
positions. W

fication of syntax functions and descriptors

s presented in this subclause are used in the syntactical description. These functior
terms of the value of the VUI parameters syntax or an SEI message syntak data pq
s the position of the next bit to be read by the decoding process from the syntax strug

) reads the next n bits from the syntax structure and advances thedata pointer by
hen n is equal to 0, read_bits( n ) is specified to return a value equal to0 and to not ad\

the data poi

The following descriptors specify the parsing process of each syntax eleiment:

— b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptoris spe
by the r¢turn value of the function read_bits( 8 ).

— f(n): fixeld-pattern bit string using n bits written (from lefttoright) with the left bit first. The p3
process [for this descriptor is specified by the return value of the function read_bits( n ).

— i(n): sig
manner
is specif
integer 1

— se(v): sig
process

— u(n): un
manner
specifie
an unsig

— ue(v):u
parsing

ter.

ed integer using n bits. When n is "v" in(the syntax table, the number of bits varie
dependent on the value of other synta%.elements. The parsing process for this desci
ied by the return value of the function read_bits( n ) interpreted as a two's complg
epresentation with most significantbit written first.

Ined integer 0-th order Exp-Golemb-coded syntax element with the left bit first. The pa
for this descriptor is specified in Clause 9 with the order k equal to 0.

n_n

signed integer using n-bits. When n is "v" in the syntax table, the number of bits varie
dependent on the valite of other syntax elements. The parsing process for this descrip
] by the return yalue of the function read_bits( n ) interpreted as a binary representat
ned integer with/most significant bit written first.

process.for this descriptor is specified in Clause 9 with the order k equal to 0.

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

s are
inter
ture.

n bit

yance

rified

rsing

5 in a
iptor
ment

rsing

sina
tor is
jon of

The

7 Video |

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_
parameters( ) syntax structure, or the vui_parameters( ) syntax structure is not present, there may be

some extern

18

al means that controls the interpretation.
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vui_parameters( payloadSize ) { Descriptor
vui_progressive_source_flag u(1)
vui_interlaced_source_flag u(1)
vui_non_packed_constraint_flag u(1)
vui_non_projected_constraint_flag u(1)
vui_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)
}
]
Yui_overscan_info_present_flag u(1)
if( vui_overscan_info_present_flag)
vui_overscan_appropriate_flag u(1)
Yui_colour_description_present_flag u(1)
if( vui_colour_description_present_flag ) {
vui_colour_primaries u(8)
vui_transfer_characteristics u(8)
vui_matrix_coeffs u(8)
vui_full_range_flag u(1)
]
Yui_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)
}
J
}

7.3 VUI parameters semantics

VUI parameters apply to one or more CLVSs.

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

— A chroma format indicator, denoted herein by ChromaFormatldc, such that the value 0 indicates
that the picture has only a luma component and other values indicate that the picture has three

colour components that consist of a luma component and two ass

ociated chroma components,

such that the width and height of each chroma component are are the width and height of the luma

© ISO/IEC 2021 - All rights reserved

19


https://iecnorm.com/api/?name=b1faef32154955554ec785c8521cffcd

ISO/IEC 23002-7:2021(E)

component divided by SubWidthC and SubHeightC, respectively, where SubWidthC and SubHeightC
are determined from ChromaFormatldc as specified by Table 2.

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,.

Table 2 — SubWidthC and SubHeightC values derived from ChromaFormatldc

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

vui_progressive_source_flag and vui_interlaced_source_flag are interpreted as follows:

If vui_p] burce

scan typ

ogressive_source_flag is equal to 1 and vui_interlaced_source_flag iS equal to 0, the s
e of the pictures should be interpreted as progressive only.

Otherwi
the sour

se, if vui_progressive_source_flag is equal to 0 and vui_interlaced_source_flagis equal to 1,
ce scan type of the pictures should be interpreted as interlaced only.

Otherwi
the sour
by exter]

se, if vui_progressive_source_flag is equal to 0 and vuidinterlaced_source_flag is equal to 0,
ce scan type of the pictures should be interpreted-as unknown or unspecified or spefified
nal means not specified in this document.

Otherwi
1), the s
ffi_sour

se (vui_progressive_source_flag is equal tol'and vui_interlaced_source_flag is equal to
purce scan type of each picture is indicated at the picture level using the syntax elgment
fe_scan_type in a frame-field informatien SEI message.

vui_non_pa
arrangemen
flag equal to

vui_non_pr
projection S
apply to the

vui_aspect_

aspect_ratio|

vui_aspect_
and SarHeig
vui_aspect_J

0 does not impose such a constraint.

il messages or generalized cubemap projection SEI messages present in the bitstrean

ratio_info_present_flag equal to 1 specifies that vui_aspect_ratio_idc is present
info_presentiflag equal to 0 specifies that vui_aspect_ratio_idc is not present.

ratio_constant_flag equal to 1 specifies that the values of vui_aspect_ratio_idc, SarV)
ht apply*to all pictures in the CLVS and there is no SARI SEI message present in the
atio~eonstant_flag equal to 0 specifies that the values of vui_aspect_ratio_idc, SarV]

CLVS. vui_non_projected_constraint_flag equal to 0 does not impose such a constraing.

rked_constraint_flag equal to 1.@pecifies that there shall not be any frame pagcking
[ SEI messages present in the bitstream that apply to the CLVS. vui_non_packed_constr

aint_

pjected_constraint_flag equal to 1 specifies that there shall not be any equirectangular

h that

vui_

Vidth,
CLVS.
Vidth,

1d be

and SarHeight'wmiight or might not apply to all pictures in the CLVS and that SARI SEI messages co
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 SampleAspectRatio parameter
in Rec. ITU-T H.273 | ISO/IEC 23091-2. When the vui_aspect_ratio_idc syntax element is not present,
the value of vui_aspect_ratio_idc is inferred to be equal to 0. Values of vui_aspect_ratio_idc that are
specified 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 values of vui_aspect_

ratio_idc that are reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 as equivalent to the
value 0.
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vui_sar_width, when present, indicates the horizontal size of the SAR (in arbitrary units) 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.

vui_sar_height, when present, indicates the vertical size of the SAR (in the same arbitrary units as
vui_sar_width) 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.

When present, vui_sar_width and vui_sar_height shall be relatively prime or equal to 0. When vui_
aspect_ratio_idc is equal to 0 or vui_sar_width is equal to 0 or vui_sar_height is equal to 0, the SAR is
unknown or unspecified in this document or may be determined by other means, such as the SARI SEI

mess

vui_g
presd
meth|

vui_d
suita

gﬂ
verscan_info_present_flag equal to 1 specifies that the vui_overscan_approp

pd for the video signal is unknown or unspecified or specified by external means.

verscan_appropriate_flag equal to 1 indicates that the cropped decoded picture

deco

the conformance cropping window of the picture, such that the cropped-decoded pictures o

not be displayed using overscan. Instead, they should be displayed-using either an exact mg
the djsplay area and the conformance cropping window, or using uhderscan. As used in thi

the t¢rm "overscan" refers to display processes in which some parts near the borders of

deco
in wh
entir
exact

NOTE

progr
could

vui_g
chard
0 sp

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

e display area. For display processes that neither*ise overscan nor underscan, the
ly matches the area of the cropped decoded pictures.

1  For example, vui_overscan_appropriate(flag equal to 1 could be used for entertainm
hmming or for a live view of people in a ¥ideoconference, and vui_overscan_appropriate_f
be used for computer screen capture or.$ecurity camera content.

cteristics, and vui_matrix_coeffs are present. vui_colour_description_present_fl
ecifies that vui_colour_primiaries, vui_transfer_characteristics, and vui_matrix_co

nt. When vui_overscan_info_present_flag is equal to O or is not present, the)prefe

ble for display using overscan. vui_overscan_appropriate_flag equal £0°0 indicates that
ed pictures output contain visually important information in the-entire region out to

olour_description_present_flag-equal to 1 specifies that vui_colour_primaries, Y

riate_flag is
rred display

5 output are
the cropped
the edges of
utput should
tch between
s paragraph,
the cropped
Hy processes

ich the entire cropped decoded pictures are visible‘n the display area, but they do ot cover the

display area

ent television
ag equal to 0

rui_transfer_
hg equal to
pffs are not

presgnt.

Ffimaries. Its
EC 23091-2.
primaries is
other means
ed for future
this edition
valent to the

vui_dolour_primaries indicates the chromaticity coordinates of the source colour p
semapntics are as specified for the ColourPrimaries parameter in Rec. ITU-T H.273 | ISO/
When the vui_colour_primaries syntax element is not present, the value of vui_colour|
inferred to be equal to 2 (the chromaticity is unknown or unspecified or determined by
not specified jn'this document). Values of vui_colour_primaries that are identified as reserv
use i Rec. JTYU<T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams conforming tc
of this document. Decoders shall interpret reserved values of vui_colour_primaries as equi
valug 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.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_transfer_characteristics as equivalent to the
value 2.

vui_matrix_coeffs describes the equations used in deriving luma and chroma signals from the
green, blue, and red, or Y, Z, and X primaries. Its semantics are as specified for MatrixCoefficients in
Rec. ITU-T H.273 | ISO/IEC 23091-2.
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vui_matrix_coeffs 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 specification 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_coeffs shall not be equal to 8 unless one of the following conditions is true:

— BitDepth. is equal to BitDepthy,

— BitDepti1C is equal to BitDepthy + 1 and ChromaFormatldc is equal to 3 (the 4:4:4 chroma foru

The specific
future use b

When the vy
be equal to 2

vui_full_ran

htion of the use of vui_matrix_coeffs equal to 8 under all other conditions is Teserve
y ITU-T | ISO/IEC.

i_matrix_coeffs syntax element is not present, the value of vui_matrixccoeffs is infert
(unknown or unspecified or determined by other means not specifiedin this docum

ge_flag indicates the scaling and offset values applieds/in” association with

matrix coefficients. Its semantics are as specified for the VideoFullRangeFlag paramet

Rec. ITU-TH
equal to 0.

vui_chroma
frame or bo
are present.
frame, vui_c
present.

273 | ISO/IEC 23091-2. When not present, the value of vuj-full_range_flag is inferred

_loc_info_present_flag equal to 1 specifies thateither vui_chroma_sample_loc_|
th vui_chroma_sample_loc_type_top_field and yai_chroma_sample_loc_type_bottom
vui_chroma_loc_info_present_flag equal to 0.specifies that vui_chroma_sample_loc_
hroma_sample_loc_type_top_field, and vui_chroma_sample_loc_type_bottom_field ar

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

vui_chroma
sample_loc]

If Gener
Chroma
the loca

Otherwi
top_field
each top

Otherwi
loc_typd

_sample_loc_type_frame, vui_echroma_sample_loc_type_top_field, and vui_chr
type_bottom_field, when present, specify the location of chroma samples as follows

alProgressiveSourceFlaguis’equal to 1, GenerallnterlacedSourceFlag is equal to 0
Formatldcis equal to 1 (4:2:0 chroma format), vui_chroma_sample_loc_type_frame spe
ion of chroma samples for both fields of each frame of the CLVS as shown in Figure 1.

se, if ChromaFermatldc is equal to 1 (4:2:0 chroma format), vui_chroma_sample_loc_|

field and bottom field of the CLVS, respectively, as shown in Figure 1.

se (ChromaFormatldc is not equal to 1), the values of the syntax elements chroma_sal
, vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom|

hat).

ed for

ed to
bnt).

the
br in
to be

type_
| field

Lype._
e not

oma_

, and
cifies

Lype_

and vui_chrema_sample_loc_type_bottom_field specify the location of chroma samples for

nple_
| field

shall be

ignered.
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ha samples, where filled symbols indicate a bottom field sample type and empty symbols indig
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Figure 1 — Location of chroma samples for top and bottom fields for ChromaFormatldc equal
to 1 (4:2:0 chroma format) as a function of vui_chroma_sample_loc_type_top_field and vui_

chroma_sample_loc_type_bottom_field in the range of 0 to 5, inclusive

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

show

nin Figure 2.
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X X X |[X X
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X X X X X X
B RO R OB ®
X “X X X X X

key
location of luma sample

O location of chroma sample

Figure 2 — Nominal vertical and horizontal locations of 4:2:2 luma and
chroma samples in a picture

When ChrothaFormatfdc:is equal to 3 (4:4:4 chroma format), the nominal positions of the chfroma
samples arelsuch that all array samples are co-sited for all cases of pictures and the nominal locqdtions
in a picture qre asshown in Figure 3.
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Figure 3 —Nominal vertical 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 vuii_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.

NOTE2 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.

]

R

o

Figure 4 —
chrom

The relative
defining two
variable Chr
of the centre
luma sample
relative to th

In a typical

chroma format), HorizontalOffsetC and VerticalOffsetC would serve as the phase offsets

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 ChremaFormatldc ary
pma420LocType as given by Table 3, where HorizontalOffsetC is the Horizontal (x) po
of the top-left chroma sample relative to the centre of the top<eftluma sample in ur
s and VerticalOffsetC is the vertical (y) position of the centre-of'the top-left chroma s
e centre of the top-left luma sample in units of luma samples:

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

e chroma format indicated by ChromaFormatldc.

Horizontal OffsetC
X

and!

VertticalOffsetC

f
hd vertical filter operations, respectively, for separable downsampling from 4:4:4 cﬁlf‘oma

:2:0

ed by
d the
sition
its of
mple

[4:2:2
the

:2:0

latldc

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 |Chroma420LocType| HorizontalOffsetC VerticalOffsetC
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
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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_
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 SIEI messages for which the specified syntax structure is empty, such as the dependlent random

access point SEI message, the mere indication that the SEI message is present (e.g.(asindicated by a
payldad type indicator) is sufficient to convey the associated information (e.g., by indicating that a set
of sp¢cified constraints are fulfilled).
The gemantics and persistence scope for each SEI message are specified ip,the semantics gpecification
for edch particular SEI message.
NOTE Persistence information for SEI messages is summarized in Table'4.
Table 4 — Persistence scope of SEDmessages
SEl message Persistence scope
Filler payload The PU containing the SEI message
Usqr data registered by Rec. ITU-T T.35 Unspecified
User data unregistered Unspecified
Film grain characteristics Specified by the syntax of the SEI messagg
Frame packing arrangement Specified by the syntax of the SEI messagg
Referenced parameter sets The CLVS containing the SEI message
Decoded picture hash The PU containing the SEI message
Mastering display colour volume The CLVS containing the SEI message
Content light level inforniation The CLVS containing the SEI message
DRAP indicatien The PU containing 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 messagsg
Equiréctangular projection Specified by the syntax of the SEI messagg
Generalized cubemap projection Specified by the syntax of the SEI messagg
Sphere rotation Specified by the syntax of the SEI messagsg
Region-wise packing Specified by the syntax of the SEI message
Omnidirectional viewport Specified by the syntax of the SEI message
Frame-field information The PU containing the SEI message
Sample aspect ratio information Specified by the syntax of 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 messages are used.
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The values of some SEI message syntax elements, including fp_arrangement_id and omni_viewport_id,
are split into 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 ITU-T | ISO/IEC".
Applications should be cautious of potential “collisions” of the interpretation for values of these syntax
elements belonging to the first set of value ranges. Since different applications might use these IDs
having values in the first set of value ranges for different purposes, particular care should be exercised
in the design of encoders that generate SEI messages with these IDs having values in the first set of
value ranges, and in the design of decoders that interpret SEI messages with these IDs. This document
does not define any management for these values. These IDs having values in the first set of value
ranges might only be suitable for use in contexts in which "collisions" of usage (i.e., different definitions
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 environmentn “Wwhich

bitstreams 4re distributed.
8.2 Filler(payload SEI message

8.2.1 Fillgr payload SEI message syntax

filler_paylogd( payloadSize ) { Descriptor
for( k =[0; k < payloadSize; k++ )
ff Byte /* equal to OxFF */ f(8)
}

8.2.2 Filldr payload SEI message semantics

This SEI megsage contains a series of payloadSize bytes of value OxFF, which can be discarded.

ff_byte shall be a byte having the value OxFF.

8.3 User ¢lata registered by Recommendation ITU-T T.35 SEI message

8.3.1 User data registered by Recomimendation ITU-T T.35 SEI message syntax

user_data_rpgistered_itu_t_t35{payloadSize ) { Descriptor
itu_t_t35_country_code b(8)
if(itu_t|t35_country code != 0xFF)
i=1
els¢ {
itlr_t’t35_country_code_extension_byte b(8)
=2
}
do {
itu_t_t35_payload_byte b(8)
i++
} while( i < payloadSize )
}

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

This SEI message contains user data registered as specified in Rec. ITU-T T.35, the contents of which

are not specified in this document.
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itu_t_t35_country_code shall be a byte having a value specified as a country code by
Rec. ITU-T T.35:2000, Annex A.

itu_t_t35_country_code_extension_byte shall be a byte having a value specified as a country code by
Recommendation ITU-T T.35:2000, Annex B.

itu_t_t35_payload_byte shall be a byte containing data registered as specified in Rec. ITU-T T.35.

The Rec ITU-T T.35 terminal provider code and terminal provider oriented code shall be contained in
the first one or more bytes of the itu_t_t35_payload_byte, in the format specified by the Administration
thatissued the terminal provider code. Any remaining itu_t_t35_payload_byte data shall be data having
syntax 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
tuid_iso_iec_11578 u(128)
for(i=16;1i < payloadSize; i++)
user_data_payload_byte b(8)
}

8.4.2] User data unregistered SEI message semantics

This SEI message contains unregistered user data identified by a universal unique identfifier (UUID),
the cpntents of which are not specified in thisddocument.

uuid]iso_iec_11578 shall have a value® specified as a UUID according to the prjpcedures 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 |Film grain characteristics SEI message

8.5.1] Film grain characteristics SEI message syntax

film grain_characteristics( payloadSize ) { Descriptor
fg_characteristics_cancel_flag u(l1)
if(Mg_characteristics_cancel_flag) {
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 u(8)
}
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fg_blending_mode_id u(2)
fg_log2_scale_factor u(4)
for(c=0;c<3;c++)
fg_comp_model_present_flag| c] u(1)
for(c=0;c<3;c++)
if( fg_comp_model_present_flag[ c]) {
fg_num_intensity_intervals_minus1| c] u(8)
fg_num_model_values_minus1] c ] u(3)
forti="0;r<=fgmum—intensity-intervatscmimuste 3
fg_intensity_interval_lower_bound[ c][i] u(8)
fg_intensity_interval_upper_bound[c][i] u(8)
for(j = 0; j <= fg_num_model_values_minusl|[ c |; j++)
fg_comp_model_value[ c][i][j] se(v)
}
}
fg_¢characteristics_persistence_flag u(1)
}
}
8.5.2 Film grain characteristics SEI message semantics
This SEI megsage provides the decoder with a parameterized model for film grain synthesis.
NOTE1  Fof example, an encoder could use the film graifi*characteristics SEl 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 decoded images for the display process is optional and does not rlllEed to
exactly follow the specified semantics of the film grain characteristics SEI message. When synthesis of simyilated
film grain on [the decoded images for the displayprocess is performed, there is no requirement that the method

by which the
film grain chg

NOTE2 Th

NOTE3 SM
characteristig

Use of this S

— Apicturg
and PicH

racteristics SEI message.

e display process is nat $pecified in this document.

s SEI message,

]l messagetequires the definition of the following variables:

[eightInLumaSamples, respectively.

ynthesis is performed be the same as the parameterized model for the film grain as provided

PTE RDD 5 specifie$ a film grain simulator based on the information provided in the film

in the

grain

pwidthand pictureheightinunitsoflumasamples,denotedhereinbyPicWidthInLumaSamples

— 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
representation domain as the identified film grain model. When the colour format of the decoded video
is not 4:4:4 or the decoded video uses a different luma or chroma bit depth from that of the film grain
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model or uses a different colour representation domain from that of the identified film grain model, an
unspecified conversion process is expected to be applied to convert the decoded pictures to the form
that is expressed for application of the film grain model.

NOTE4  Because the use of a specific method is not required for performing the film grain generation function
used by the display process, a decoder could, if desired, down-convert the model information for chroma in order
to simulate film grain for other chroma formats (4:2:0 or 4:2:2) rather than up-converting the decoded video
(using a method not specified in this document) before performing film grain generation.

fg_characteristics_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of
any previous film grain characteristics SEI message in output order that applies to the current layer.
fg_characteristics_cancel flag equal to 0 indicates that film grain modelling information follows.

fg_model_id
br future use
s document.
r 3.

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 of 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
ers shall ignore film grain characteristic SEI messages with fg_model_id €qual to 2 o

fg_m
shall
by IT]
Deco

Table 5 — fg_model_id values

Value
0
1

Description

Frequency filtering

Auto-regression

hition of luma
, and matrix
e film grain

0 indicates
r primaries,
bd in the SEI

parate_colour_description_present_flag equal toA indicates that a distinct combin
pth, chroma bit depth, video full range flag, colouf primaries, transfer characteristics
cients for the film grain characteristics specified in the SEI message is present in t
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.

fg_se
bit dd
coeff
chara
that
trans
mess

NOTE
depth
film g

th, chroma bit
bcified for the
CLVS.

5 When fg_separate_colour_description_present_flag is equal to 1, any of the luma bit dep
video full range flag, colour primaries, transfer characteristics, and matrix coefficients sp
rain characteristics specified in.the SEI message could differ from that for the pictures in the

Whe

ise

equa

The d

qi
is eq

VUI parameters are nét present for the CLVS or the value of vui_colour_description
al to 0, and equivalent information to that conveyed when vui_colour_description |
al to 1 is not conveyed by external means, fg_separate_colour_description_present |
to 1.

ecoded image I..,qeq Used in the equations in this subclause is in the same colour re

present_flag
present_flag
flag shall be

presentation

5 differ from
rlause would

domdin as the-simulated film grain signal. Therefore, when any of these parameters doe
that for thejpictures in CLVS, the decoded image I, ,40.q Used in the equations in this sub
be in|a different colour reporesentation domain than that for the pictures in the CLVS. For example,
wher] tlie’value of fg_bit_depth_luma_minus8 + 8 is greater than BitDepthy (i.e., the bit |[depth of the
luma component of the pictures in the CLVS), the bit depth of I, ,qeq Used in the equations in this
subclause is also greater than BitDepthy. In such a case, the decoded image 1;..,4.4 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 pictures 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.
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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 components of
the film grain characteristics specified in the SEI message. When fg_bit_depth_chroma_minus8 is not

present in the film grain characteristics SEI message, the value of fg_bit_depth_chroma_minus8 is
inferred to be equal to BitDepth. - 8.

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

fgBitDepthici=fg-bit—depthchromma_mimus8+8;witht=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_nange_flag specifies the video full range flag of the film grain characteristies specified |n the
SEI mess$age, 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 value of
fg_full_nange_flag is inferred to be equal to vui_full_range_flag.

fg_colour_primaries has the same semantics as specified in subclaus€-Z3 for the vui_colour_primjaries
syntax element, except as follows:

— fg_coloulr_primaries specifies the colour primaries of the filim grain characteristics specified in the
SEI mes$age, rather than the colour primaries used for. the CLVS.

— When fg colour_primaries is not present in the film'grain characteristics SEI message, the vajue of
fg_colour_primaries is inferred to be equal to vui~€olour_primaries.

fg_transfer|characteristics has the same semantics as specified in subclause 7.3 for the vui_transfer_
characteristjcs syntax element, except as follows:

— fg_transffer_characteristics specifies the transfer characteristics of the film grain characterjistics
specifiedl in the SEI message, ratherthan the transfer characteristics used for the CLVS.

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

fg_matrix_doeffs has the sanie semantics as specified in subclause 7.3 for the vui_matrix_coeffs syntax
element, excppt as follows:

— fg_matr|x_coeffs.specifies the matrix coefficients of the film grain characteristics specified In the
SEI mesgage;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.

— 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
decoded 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.
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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:

— Iffg_blending_mode_id is equal to 0, the blending mode is additive as specified by:

Igrain[ € 1[x1[y 1= Clip3(0, (1 <<fgBitDepth[ ¢ ]) = 1, Ijecogqeal c Il x1[y 1+ Gl c][x][¥ ]) (18)

— (therwise (fg_blending_mode_id is equal to 1), the blending mode is multiplicatiy€ as $pecified by:

rainl € 11X ][y 1=Clip3(0, (1 << fgBitDepth[ c]) -1, Ijecogeal cI[X1[¥ ] + (19)
Round( (Igecodeal € 1[x 1y 1* Gl c][x][y]) + ((1 << fgBitDepth{c]}71)))

]
agQ

wherp I ..odeql € 1l x ][ ¥ ] represents the sample value at coordinates x, §)of the colour component c of
the decoded image I j..ogeq GL ][ X ][ ¥ ] is the simulated film grain value at the same positign and colour
component, and fgBitDepth[ c¢ ] is the number of bits used for each sample in a fixed-length unsigned
binary representation of the arrays lgrain[ cl[xI[Y ] ljecodeal CILXNY ],and G[ c ][ x ][ y ], where c=0..2,
x = 0{PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples - 1.

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

fg_camp_model_present_flag| c | equal to 0 indicateSthat film grain is not modelled on the c-th colour
component, where c equal to 0 refers to the luma component, c equal to 1 refers to the CH component,
and ¢ equal to 2 refers to the Cr component. fg:comp_model_present_flag[ ¢ ] equal td 1 indicates
that gyntax elements specifying modelling of film grain on colour component c are present in the SEI
messpge.

When fg_separate_colour_description_ptesent_flag is equal to 0 and ChromaFormatldc is equal to 0,
the value of fg_comp_model_presentflag[1 ] and fg_comp_model_present_flag[2 ] shall be pqual to 0.

fg_num_intensity_intervals_minus1][ c ]| plus 1 specifies the number of intensity intervalg for which a
specific set of model values hasbeen estimated.

NOTH6  The intensity intervals could overlap in order to simulate multi-generational film grain.

fg_nuym_model_valies_minus1| c | plus 1 specifies the number of model values present for each
intenpity interval i which the film grain has been modelled. The value of fg_num_model_values_
minufk1[ c ] shall’be in the range of 0 to 5, inclusive.

which the'set of model values applies.

fg_infensity_interval_lower_bound[ c ][ i ] specifies the lower bound of the i-th intensity interval for

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 intensityIntervalldx[ c ][ x ][ ¥ ][ j ] represents the j-th index to the list of intensity intervals
selected for the sample value Iy qeql €[ X ][ ¥ ] for ¢ = 0..2, x = 0..PicWidthInLumaSamples - 1,y = 0..
PicHeightInLumaSamples - 1, and j = 0.numApplicablelntensitylntervals[ ¢ ][ x ][ y ] = 1, where
numApplicablelntensitylntervals[ ¢ ][ 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 Iy.oqeql €1l X ][ ¥ ] is specified as follows:

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

del_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
lgecodedl € 1[x ][y ] is derived as (xB,yB) =(x /8,y /8).

— The

— The

for(i=0
if(b
b]

avy

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

sum8x8 =0
for(i=0;i<8;i++)
for(j=0;)j<8;j++)
sum8x8 += ly.coqeal C1[XB*8 +i][yB*8 +j]
b,yg = Clip3( 0, 255, (sum8x8 + (1 << (fgBitDepth[c]-3))) >> (fgBitDepth[c]-2))

(20)

value of intensityIntervalldx[ c ][ x ][y ][j ] is derived as follows:

j=0;1 <= fg_num_intensity_intervals_minus1[c]; i++)
>= fg_intensity_interval_lower_bound[c][i] &&
<= fg_intensity_interval_upper_bound[ c][i]) {

RV,

intepsitylntervalldx[ c ][ x ][y ][j] =1

j++
}
numApp

icableIntensitylntervals[ c][x ][y ] =]

(21)

— Otherwise (fg_model_id is equal to 1), the value of intensityIntervalddx[ c ][ x ][ y ][ j ] is derived as

follows:
sl c1[x [y ] = (fgBitDepth[c] == 8)? (Igecoueal IIX1[¥1:
ClipB( 0, 255, (Igecoqeal ¢ J[x1[¥ ]+ (1 << (fgBitDepth[€]=9))) >> ( fgBitDepth[c]-8))
for(i=0Jj=0;i <= fg_num_intensity_intervals_minus1[ c{ni++)
if(Ig[¢1[x][y] >= fg_intensity_interval_lower_bound{c][i] && (22)
[ c][x][y] <= fg_intensity_interval_upperdotnd[c][i]) {
intensitylntervalldx[ c][x][v][j] =1
j++
}
numApplicablelntensityIntervals[ c ][ x [[.ych=]
Samples thaf do not fall into any of the’ defined intervals (i.e., those samples for which the value of

numApplica
function. Sa
numApplica
Multi-gener4
intensity int

In the equat
model_value)

Idecoded[ ¢ ][

bleIntensitylnteryals| ¢ ][ x ][ y | is greater than 1) will originate multi-generation
tion grain results from adding the grain computed independently for each of the appl
brvals.

[ c ]IS ] is the value of intensityIntervalldx[ c ][ x ][] y ][ j ] derived for the sample

AL

bleIntensityIntervals[ c\JJ x ][ y | is equal to 0) are not modified by the grain generation
mples that fall intotmore than one interval (i.e., those samples for which the value of

prain.
cable

ons in the remainder of this subclause, the variable s in each instance of the list fg_domp_

value

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.

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_idisequalto 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) tg 2(fgBitDepth[c]-1) — 1, inclusive.
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Depending on the value of f{g_model_id, the synthesis of the film grain is modelled as follows:

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

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

where Q[ c ] is a two-dimensional random process generated by filtering 16x16 blocks gaussRv with
random-value elements gaussRv;; generated with a normalized Gaussian distribution (independent
and identically distributed Gaussian random variable samples with zero mean and unity variance) and

wherﬁmmmwmmms 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 uRv;, 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 hand-pass filtering of blocks gaussRv can be performed.ithe discrete cosine trangform (DCT)
domdin as follows:

for(y=0;y < 16; y++)
for(x=0;x < 16; x++)
if( (x < fg_comp_model_value[ c][ sj][3 ] && < fg_comp_model_value[c][sj][4]) ||
x > fg_comp_model value[ c][sj][1] || y¥>'fg_comp_model _value[ c][sj][2]) (25)
gaussRv[x][y]=0
fllteredRv = IDCT16x16( gaussRv )

wherp IDCT16x16( z ) refers to a unitaryyrinverse discrete cosine transformation (IDCT) operating on a
16x1¢ matrix argument z as specifiedby:

1

DCT16x16(z) =r*z*rT (26)

wherg the superscript Eindicates a matrix transposition and r is the 16x16 matrix with elements r;;
specified by:

=((i:=0)?1:Sqrt(2)*COS[i*(2*j+1)*Aj

r]. 27
1 4 32 (27)

wherg 1 is Archimedes' constant 3.141 592 653 589 793....

1o ¥, dlbtla £ £il4 Jd 11 £il4e AR
C IS5 1TUIIIICU Uy CIICT 1T Cqucuu_y ITTILCT CTU UIUCTRKS TIILCT TUINV.

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[ c ][ s; ][ i] for i equal 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:
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[v]=(fg_comp_model_value[c][sj][0]*n[c][x][y]+

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_log2_scale_factor ) ) + fg_comp_model_value[ c][sj][3 ] *
(((fg_comp_model_value[c][sj][4]*G[c][x-1][y-1]) >>

fg_log2_scale_factor )+ G[ c][x+1][y-1])

+

fg_comp_model_value[ c][sj][5]1*(G[c][x-2][y]+

((fg_

comp_model_value[ c ][ sj ][4 ] * fg_comp_model_value[ c][sj][4]*G[c][x][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[ ¢

identically dj

value of ¢, X,
is inferred t

cisless

x isless

— yisless

fg_comp_mo
id. fg_comp_
the generati

fg_comp_mo
model_id. W]
equal to 0 ay

When not p
inferred as f

If fg_mo

Otherwi

fg_comp_mo

If fg_md
frequen

Otherwi
spatial d

fg_comp_mo|
id. When fg |

stributed Gaussian random variable samples with zero mean and unity variance for
and y) and the value of an element G[ ¢ ][ x ][ y ] used in the right-hand side of the equ
be equal to 0 when any of the following conditions are true:

fhan 0,
than 0,
than 0.

del_value[ c][i][ 0 ] provides the first model value for the mogdel as specified by fg_m
model_value[ c][i][ 0] corresponds to the standard deviation of the Gaussian noise te
bn functions specified in Formulae 23 through 28.

del_value[ c ][ i ][1 ] provides the second modekvalue for the model as specified
hen fg_model_id is equal to 0, fg_comp_model&value[ c ][ i ][1 ] shall be greater th
d less than 16.

resent in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i ]]
bllows:

del_id is equal to 0, fg_comp_modelkvalue[ c][i][1 ] is inferred to be equal to 8.
se (fg_model_id is equal to 1), fg_comp_model_value[ c][i][1 ] is inferred to be equal
del_value[ c][i][1]is interpreted as follows:

del_id is equal to Onfg_comp_model_value[ c ][ i ][1 ] indicates the horizontal hig
Ly to be used to filter the DCT of a block of 16x16 random values.

se (fg_modeltid is equal to 1), fg_comp_model_value[ c ][ i ][1 ] indicates the first
orrelationfor neighbouring samples (x-1,y)and (x,y-1).

del_value] c ][1][2 ] provides the third model value for the model as specified by fg_m
model id is equal to 0, fg_comp_model_value[ ¢ ][ i ][2 ] shall be greater than or equa

and less thanp 16/

(28)

t and
each
ation

odel_
rm in

y fg_
an or

1] is

to 0.

h cut

prder

odel_
lto 0

When not present in the film grain characteristics SEI message, fg_comp_model_value[ ¢ [[ i ][2 ] is
inferred as follows:

model_v

fg_comp_mo

alue[ c][i][1]

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

to be used to filter the DCT of a block of 16x16 random values.
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— Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ ¢ ][ i ][2 ] indicates the colour
correlation between consecutive colour components.

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

When not present in the film grain characteristics SEI message, fg_comp_model_value[ ¢ [ i ][3 ] is
inferred to be equal to 0.

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

— I fg_model_id is equal to 0, fg_comp_model_value[ c ][ 1 [[3 | indicates the horizopntal low cut
frequency to be used to filter the DCT of a block of 16x16 random values.

— Qtherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][3 ] indicates thie first order
sjpatial correlation for neighbouring samples (x-1,y-1)and (x+ 1,y - 1):

fg_comp_model_value[ c ][ i ][4 ] provides the fifth model value for the model-as specified by fg_model_
id. When fg_model_id is equal to 0, f{g_comp_model_value[ c ][ i ][4 ] shall be greater than pr equal to 0
and less than or equal to fg_comp_model_value[ c][i][2].

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

fg_comp_model_value[ c][i][4 ] is interpreted as follows;

]

Ffg_model_id is equal to 0, fg_comp_model_valuef)c\|| i ][4 ] indicates the vertical low cut frequency
tp be used to filter the DCT of a block of 16x16 fandom values.

— Qtherwise (fg_model_id is equal to 1), fg_cemp_model_value[ c ][ i ][4 ] indicates the agpect ratio of
the modelled grain.

fg_comp_model_value[ c][i][5 ] provideshe sixth model value for the model as specified by|fg_model_id.

When not present in the film grain‘c¢haracteristics SEI message, fg_comp_model_value[ ¢ ][ i ][5 ] is
inferted to be equal to 0.

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

— Iffg_model_id is equal'to 0, fg_comp_model_value[ c][i][5 ] indicates the colour correlation between
donsecutive colour-€components.

|
[an)

therwise (fg-model_id is equal to 1), fg_comp_model_value[ c ][ i ][5 ] indicates the §econd order
sjpatial correlation for neighbouring samples (x,y-2)and (x-2,y ).

fg_characteristics_persistence_flag specifies the persistence of the film grain charadteristics SEI
messpge for the current layer.

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.
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8.6 Frame packing arrangement SEI message

8.6.1 Frame packing arrangement SEI message syntax

frame_packing_arrangement( payloadSize ) { Descriptor
fp_arrangement_id ue(v)
fp_arrangement_cancel_flag u(1)
if( !fp_arrangement_cancel_flag ) {
fp_arrangement_type u(7)
fp_Qluincunx_sampling_flag u(d)
fp_tontent_interpretation_type u(6)
fp_spatial_flipping_flag u(1)
fp_frameO_flipped_flag u(1)
fp_field_views_flag u(1)
fp_current_frame_is_frame0_flag u(1)
fp_frameO_self_contained_flag u(1)
fp_framel_self contained_flag u(1)
if( fp_quincunx_sampling_flag && fp_arrangement_type != 5J{
fp_frame0O_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_prrangement_reserved_byte u(8)
fp_larrangement_persistence_ﬂag u(1)
}
fp_upsgmpled_aspect_ratio_flag u(1)

}

8.6.2 Frarpe packing arrangement SEI message semantics

This SEI message informsithe decoder that the cropped decoded picture contains samples of multiple
distinct spafially packed constituent frames that are packed into one frame, or that the output
cropped decpded pictures in output order form a temporal interleaving of alternating first and s¢cond
constituent frames, using an indicated frame packing arrangement scheme. This information can be

used by the ¢lecoder to appropriately rearrange the samples and process the samples of the constituent
frames apprﬁpriately for display or other purposes (which are outside the scope of this dchlmenfl.

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.

fp_arrangement_id contains an identifying number that may be used to identify the usage of the frame
packing arrangement SEI message. The value of fp_arrangement_id shall be in the range of 0 to 232 - 2,
inclusive.

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

fp_arrangement_cancel_flag equal to 1 indicates that the frame packing arrangement SEI message
cancels the persistence of any previous frame packing arrangement SEI message in output order
that applies to the current layer. fp_arrangement_cancel_flag equal to 0 indicates that frame packing
arrangement information follows.

fp_arrangement_type identifies the indicated interpretation of the sample arrays of the output

cropped decoded picture as specified in Table 7.

When fp_arrangement _type is equal to 3 or 4, each component plane of the output crop

pictu
topo
struc

ped decoded

re contains all samples (when ffi_field_pic_flag is equal to 0) or the samples correspa
" bottom field (when ffi_field_pic_flag is equal to 1) of the samples of a frame packing
ture.

Table 7 — Definition of fp_arrangement_type

nding to the
irrangement

Valyie

Interpretation

The frame packing arrangement structure contains a side-by-side packing arrangement of c
planes of two constituent frames as illustrated in Figure 6, Figure{Zand Figure 10.

brresponding

4 The frame packing arrangement structure contains a top-bottom/packing arrangement of cprresponding
planes of two constituent frames as illustrated in Figure 8and Figure 9.
5 The component planes of the output cropped decoded pictures in output order form a temporal inter-
leaving of alternating first and second constituent ffaimes as illustrated in Figure 11.
NOTH1 Figure 6 to Figure 10 provide typical examples of rearrangement and upconversion grocessing for

variofis packing arrangement schemes. Actual characteristics of the constituent frames are sign

by th¢
upcor]
asth
sho

gener

NOTE
samp

and the display system in use presents two views simultaneously, the display time for constituent

gl
(the

subsequent syntax elements of the frame packing arrangement SEI message. In Figure 6 to

hlled in detail
Figure 10, an

version processing is performed on each cofistituent frame to produce frames having the sa
of the decoded frame. An example of the upsampling method to be applied to a quincunx sam
in Figure 10 is to fill in missing positions with an average of the available spatially neighbo
erage of the values of the available-samples above, below, to the left and to the right of each
bted). The actual upconversion proess to be performed, if any, is outside the scope of this do

2 When the output time f the samples of constituent frame 0 differs from the outpd
es of constituent frame 1((i.e:, when fp_field_views_flag is equal to 1 or fp_arrangement_type

me resolution
pled frame as
hring samples
sample to be
fument.

t time of the
is equal to 5)
frame 0 could

be delayed to coincide with-the display time for constituent frame 1. (The display process is not specified in this
docurpent.)

NOTH3  When fp.fiéld_views_flagis equal to 1 or fp_arrangement_type is equal to 5, the value O|for fixed_pic_
rate_within_cvs{flag is not expected to be prevalent in industry use of this SEI message.

NOTH4 p_arrangement_type equal to 5 describes a temporal interleaving process of different yiews.

All other”values of fp_arrangement_type are reserved for future use by ITU-T | ISOYIEC. 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 that the colour component planes of each constituent frame are not quincunx sampled.

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

NOTES5  For any chroma format (monochrome, 4:2:0, 4:2:2 or 4:4:4), the luma plane and each chroma plane (as
applicable) is quincunx sampled as illustrated in Figure 10 when fp_quincunx_sampling_flag is equal to 1.
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fp_content_interpretation_type indicates the intended interpretation of the constituent frames as
specified in Table 8. Values of fp_content_interpretation_type that do not appear in Table 8 are reserved
for future specification by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this
edition of this document. Decoders shall ignore frame packing arrangement SEI messages that contain
reserved values of fp_content_interpretation_type.

For each specified frame packing arrangement scheme, there are two constituent frames that are

referred to as frame 0 and frame 1.

Table 8 — Definition of fp_content_interpretation_type

Value

Tde A
I pPi TTatIonr

Uthknown or unspecified relationship between the frame packed constituent frames

In
fr

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

with

In
fr

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

with

NOTE6 Th
SEI message.

fp_spatial _f]
the two con
such purpos

When fp_art
spatial flippi

If fp_arm]

Otherwi

When fp_art
fp_spatial_fl

1 for fp_spatjial_flipping_flag is reserved. for future use by ITU-T | ISO/IEC. When fp_arrangement

is not equal {

fp_frame0_{
constituent {

When fp_spsq
not spatially
that frame 0

When fp_sp
frameO_flipy

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
S,

angement_type is equal to 3 or 4 and fp_spatidl_flipping_flag is equal to 1, the ty
ng that is indicated is as follows:

angement_type is equal to 3, the indicated.spatial flipping is horizontal flipping.
se (fp_arrangement_type is equal to 4), the indicated spatial flipping is vertical flippi

angement_type is not equal to 30174, it is a requirement of bitstream conformancg
pping_flag shall be equal to 0, When fp_arrangement_type is not equal to 3 or 4, the

o 3 or 4, decoders shall ignere the value 1 for fp_spatial_flipping_flag.

lipped_flag, when fp_spatial_flipping_flag is equal to 1, indicates which one of th
rames is flipped.

flipped and:frame 1 is spatially flipped and fp_frame0_flipped_flag equal to 1 ind
is spatially-flipped and frame 1 is not spatially flipped.

htial flipping_flag is equal to 0, it is a requirement of bitstream conformance th

bf this

ne of
other

pe of

ng.

b that
value

| type

e two

itial_flipping.flag is equal to 1, fp_frame0_flipped_flag equal to 0 indicates that framle 0 is

cates

it fp_

ed flag shall be equal to 0. When fp spatlal fllppmg flag is equal to 0, the value

1 for

fp_spatial_fl

pping_flag s Teserved for future use by 1TO-T 1SOAEC - When fp_spatial_ftippingt

equal to 0, decoders shall ignore the value of fp_frame0_flipped_flag.

lag is

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 considered a second constituent frame. It is a requirement of bitstream conformance that the fp_
field_views_flag shall be equal to 0, the value 1 for fp_field_views_flag is reserved for future use by
ITU-T | ISO/IEC and decoders shall ignore the value of fp_field_views_flag.

fp_current_frame_is_frame0_flag equal to 1, when fp_arrangement is equal to 5, indicates that the
current decoded frame is constituent frame 0 and the next decoded frame in output order is constituent
frame 1 and the display time of the constituent frame 0 should be delayed to coincide with the display
time of constituent frame 1. fp_current_frame_is_frame0_flag equal to 0, when fp_arrangement is equal
to 5, indicates that the current decoded frame is constituent frame 1 and the previous decoded frame
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in output order is constituent frame 0 and the display time of the constituent frame 1 should not be
delayed for purposes of stereo-view pairing.

When fp_arrangement_type is not equal to 5, the constituent frame associated with the upper-
left sample of the decoded frame is considered to be constituent frame 0 and the other constituent
frame is considered to be constituent frame 1. When fp_arrangement_type is not equal to 5, it is a
requirement of bitstream conformance that fp_current_frame_is_frame0_flag shall be equal to 0. When
fp_arrangement_type is not equal to 5, the value 1 for fp_current_frame_is_frame0_flag is reserved for
future use by ITU-T | ISO/IEC. When fp_arrangement_type is not equal to 5, decoders shall ignore the
value of fp_current_frame_is_frame0_flag.

fp_fra _self contained_flag equal to 1 indicates that no-inter prediction gperations within the
decodling process for the samples of constituent frame 0 of the CLVS refer to samples of dny constituent
fram¢ 1. fp_frameO_self _contained_flag equal to 0 indicates that some inter prediction operations
with'I: the decoding process for the samples of constituent frame 0 of the CLVS might.or might not refer
to sanples of some constituent frame 1. Within a CLVS, the value of fp_frame0_self\containged_flag in all

frame packing arrangement SEI messages shall be the same.

fp_framel_self_contained_flag equal to 1 indicates that no inter prediction operations within the
decodling process for the samples of constituent frame 1 of the CLVS refer to samples of any constituent
fram¢ 0. fp_framel_self_contained_flag equal to 0 indicates that‘some inter predictioT operations
withinE the decoding process for the samples of constituent frameTyof the CLVS might or might not refer
to sanples of some constituent frame 0. Within a CLVS, the valueof fp_framel_self _containgd_flag in all

frame packing arrangement SEI messages shall be the same,

When fp_quincunx_sampling_flag is equal to 0 and fp_atrangement_type is not equal to §, two ( x,y )
coordinate pairs are specified to determine the indicated luma sampling grid alignment fof constituent
fram¢ 0 and constituent frame 1, relative to the upper left corner of the rectangular area|represented
by the samples of the corresponding constituent frame.

NOTH7  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 §yntax elements in the VUI parameters,«when present.

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

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

fp_framel_grid_poSition_x (when present) specifies the x component of the ( x, y ) coordinate pair for
consfituent frame_

fp_framel_grid_position_y (when present) specifies the y component of the ( X, y ) coordinate pair for
constituentframe 1.

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

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

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

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

— Otherwise, ifthe ( %,y ) coordinate pair for a constituent frameis equal to ( 15, 15), thisindicates that
the sampling grid alignment is unknown or unspecified or specified by other means not specified in
this document.
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Otherwise, the x and y elements of the ( x, y ) coordinate pair specify the indicated horizontal and
vertical sampling grid alignment positioning to the right of and below the upper left corner of the
rectangular area represented by the corresponding constituent frame, respectively, in units of one
sixteenth of the luma sample grid spacing between the samples of the columns and rows of the
constituent frame that are present in the decoded frame (prior to any upsampling for display or

other purposes).

NOTE8 The spatial location reference information fp_frame0_grid_position_x, fp_frame0_grid_position_y,
fp_framel_grid_position_x, and fp_framel_grid_position_y is not provided when fp_quincunx_sampling_flag

is equal to 1 because the spatial alignment in this case is assumed to be such that constituent frame

0 and

constituent frame 1 cover corresponding spatial areas with interleaved quincunx sampling patterns as illustrated

in Figure 10.

fp_arrangellnent_reserved_byte is reserved for future use by ITU-T | ISO/IEC. It is a requifém
bitstream cqnformance that the value of fp_arrangement_reserved_byte shall be equal to 0:"All
values of fp_prrangement_reserved_byte are reserved for future use by ITU-T | ISO/IEC./Decoders
ignore the value of fp_arrangement_reserved_byte.

fp_arrangement_persistence_flag specifies the persistence of the frame pacKing arrangemer
message for the current layer.

fp_arrangement_persistence_flag equal to 0 specifies that the frame packing-arrangement SEI me
applies to the current decoded frame only.

fp_arrangemlent_persistence_flag equal to 1 specifies that the frame‘packing arrangement SEI me
applies to the current decoded picture and persists all subsequent pictures of the current lay
output orderf until one or more of the following conditions aredrue:

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

— A picturg in the current layer in an AU associated with a frame packing arrangement SEI mess
output that follows the current picture in eutput order.

fp_upsampled_aspect_ratio_flag equal to\l'indicates that the SAR indicated by the VUI paramet
the SARI SE]lmessage identifies the SARof the samples after the application of an upconversion prj
to produce alhigher resolution framefrom each constituent frame as illustrated in Figure 6 to Figu

process.

bnt of
other
shall

t SEI

ssage

ssage
rer in

hge is

PI'S Or
pcess
re 10.
bI'S Or
rsion

NOTE9 THe SARindicated'in the VUI parameters or the SARI SEI message could indicate the preferred diisplay

gcking

h up-
RI SEI
0, the

VUI parameters or the SARI SEI message in the examples shown in Flgure 6 to Flgure 10
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Figure 6 — Flowchart for rearrangement and upconversion of side-by-side pa¢king
arrangement with fp_arrangement_type equalto 3, fp_quincunx_sampling_flag equal to 0 and
(x,y) equalto (0,0)or (4,8) for both constituent frames
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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
constituent frame 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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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)

Samples of colour
component plane of
constituent frame 1

Upconverted colo
component plane p
constituent frame

= = =

46

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=b1faef32154955554ec785c8521cffcd

ISO/IEC 23002-7:2021(E)

2N+1
[¢] o o‘o o
2N ‘
o) O 0 [0}
Sequentially decoded frames with blo
a temporal interleaving frame ojlo|o|o|o|lo|O]|O ;70
arrangement olololololololo T Samples otf clolourf
P | component plane o
2N+3 o|ojojojojojo]o0 blo constituent frames 0
olo|o|lo|o|lo|o]|oO )*70
—> o|o|lo|o|o|o|O|O T
anez XX D D[ x e x b 1o
| IV VIV v X ololo|lo|o|lo|o|o —
X ojlo|o|jo|o|o|o]|O
‘0‘0|0‘0|0‘0‘00 ]
2N+1 | 0. 0l0/l0o 0l0ol0loO
1 1 | 1 | 1 \) 0
T -1 X
Lx e [ x e x| -
2N X|X|X|X|X|X]|X|X o ]x
IO IRV VR B VN B X l " 2N+3
H— blo Temporal ~—V
X il il . . B
olollolololololo [ LT o ]X ;) mterleav.m.g — /\
X ] decomposition X | X | X[ X|X[X]X]|X
o|lojflo|o|o|ojofOo| H— blo 2N+1
X r- X1 X | X | XAX X | X | X amples of colour
ojojjojojojojojo - p|o n‘\) /;x cpmponent plane of
oloJjojojo|lo|o]|O H—] XxIxIxIx|xIRI=<]|x 77X cqnstituent frames 1
X
o|ojjojo|jo|ojO]|O 1 X|X|X|X[{X})X]|X]|X L]
X 4 K| x
o|ojjojojo|o|O|O H— X | X | XWX | X | x| X ; X
o|offolo|o|o|o|o —> X [ XAXY X [ x| x| Xx|x L | x
ojojJjojo|jo|lo|0O]|O XXX | X[ X]|X|X]|X [ X
XNX | X | X|X]|X]|X]|X
X | X | X|X|X]|X]X]|Xx
X|X|X|X|X|X]|X]|X

=

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
psii_self_contained’ clvs_flag u(1)

8.7.2] Paraineter 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 that is associated with the SEI message and whether temporal sublayer @ip-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 tldA 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_sej_hash_type u(8)
dph_sej_single_component_flag u(1)
dph_sej_reserved_zero_7bits u(7)

for( cldk = 0; cldx < ( dph_sei_single_component_flag ? 1 : 3 ); cldxX++)
if( dph_sei_hash_type == 0)
for(i=0;1i< 16; i++)

dph_sei_picture_md5[ cldx ][ i] b(8)

els¢ if(dph_sei_hash_type == 1)
dph_sei_picture_crc[ cldx ] u(16)

els¢ 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 7.3.

—_ A blt d pf]f\ for tho camnloc aof tho luma caomnanont donatod horoin ]‘“7 pﬂ'nonfh and Arhen

T Ot OO P O Ot U e T O P O e G S e ot e e e et TPty orrrer

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 ][ v ].

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
pDepth[ cldx ] pthe (29)
iLen=0
for(y = 0; y < compHeight[ cldx |; y++ ) /* raster scan order */
Tor( X = U; X < compwidth] Cldx [; X+ +J 3
pictureData[ cldx ][ iLen++ ] = ComponentSample[ cldx ][ x ][ ¥ ] & OxFF
if( compDepth[ cldx]>8)
pictureData[ cldx ][ iLen++ ] = ComponentSample[ cldx |[[x][y] >> 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_gei_hash_type indicates the method used to calculate the ‘ehecksum as specified in Table 9 . Values
of dph_sei_hash_type that are not listed in in Table 9 are reséxved for future use by ITU-T ||ISO/IEC and
shall not be present in payload data conforming to this edition of this document. Decoderd 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_hash_type Method
0 MD5 (IETF RFC 1321)
1 CRC
2 Checksum

dph_pei_single_component_flag equal to 1 specifies that the picture associated with fthe decoded
picture hash SEI message contains a single colour component. dph_sei_single_component_[flag equal to
0 sperifies that the picture associated with the decoded picture hash SEI message contains|three colour
components. The valugof 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_[/bits aredeserved for future use by ITU-T | ISO/IEC and shall not be present in payload data
confdrming t6 this edition of this document. Decoders conforming to this edition of this dopument shall
ignorfe the-¥alue of dph_sei_reserved_zero_7bits.

dph_peivpicture_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] (31)
crcMsb=(crc >> 15) &1
bitVal = (dataByte >> (7 - (bitldx& 7)) ) &1
crc=(((crc << 1) +bitVal) & 0xFFFF ) * (crcMsb * 0x1021 )

crcVal[ cldx | = crc

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 = 0f y < compHeight[ cldx |; y++)
for( x ¥ 0; x < compWidth[ cldx ]; x++) {
xorMask = (x & OxFF) " (y & 0xFF) " (x >> 8) " (y >> 8)
sun] = ( sum + ( ( ComponentSample| cldx ][ y * compWidth[ cldx | + x | &OxXFF ) *
brMask ) ) & OxFFFFFFFF
if( gjompDepth[ cldx ] > 8)

>

spm = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ cldx] +x] >> 8) " (32)
xorMask ) ) & OxFFFFFFFF
checksumVal[ cldx ] = sum
8.9 Mastering display colour volume SEI message
8.9.1 Mastering display colour volume SEI message syntax
mastering_dlisplay_colour_volume( payloadSize ) { Descripftor
for(c=P;c<3;c++){
mdv_display_primaries_xJ'c | u(16)
mdkv_display_primaries_y[ c] u(16)
}
mdcv_white_point_x u(16)
mdcv_white_point-y u(16)
mdcv_rmhax_display_mastering_luminance u(32)
mdcv_mhin,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
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.
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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
The mastering display colour volume SEI message persists for the current layer in decodin

of the CLVS.
g 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.

mdcv_display_primaries_x[ c |, when in the range of 5 to 37 000, inclusive, specifies the normalized
X chromat1c1ty coordlnate of the colour prlmary component c of the masterlng dlsplay,

mdcy_display_primaries_y[ c ], when in the range of 5 to 42 000, inclusivespecifies the
omaticity coordinate of the colour primary component c of the mastering display,

increments of 0.00002. When mdcv_display_primaries_y[ c ] is not in the,range of 5 to 42 0
the nprmalized y chromaticity coordinate of the colour primary cotiponent c of the mastg
is unknown or unspecified or specified by other means not specified in this document.

For describing mastering displays that use red, green, and blu€ colour primaries, it is sul
indey value c equal to 0 should correspond to the green primary, c equal to 1 should c(
the blue primary, and c equal to 2 should correspond/t¢ithe red colour primary specifie
paraineters.

mdcy_white_point_x, when in the range of 5:to 37 000, inclusive, specifies the n
chrompaticity coordinate of the white point of theimastering display, according to the CIE 19
of x gs specified in ISO/CIE 11664-1 (see alsa:ISO/CIE 11664-3 and CIE 15), in normalizeq
of 0.J0002. When mdcv_white_point_x is;fiot in the range of 5 to 37 000, inclusive, the 1
chromaticity coordinate of the white_point of the mastering display is indicated to be

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

mdcy_white_point_y, when in(Cthe range of 5 to 42 000, inclusive, specifies the n
chromaticity coordinate of the white point of the mastering display, according to the CIE 19
of y gs specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalizeq
of 0.00002. When mdcviwhite_point_y is not in the range of 5 to 42 000, inclusive, the 1
chromaticity coordinate of the white point of the mastering display is indicated to be

unspecified or spegified by other means not specified in this document.

NOTE
displd
with

white

1  SMPTEEST 2086 specifies that the normalized x and y chromaticity coordinate values for
y coloursprimaries and white point are to be represented with four decimal places. This wou
1sing vialues of the syntax elements mdcv_display_primaries_x[ c ], mdcv_display_primaries
| peint_x, and mdcv_white_point_y, as defined in this document, that are multiples of 5.

according to

and CIE 15), in

DO, inclusive,
ering display

normalized
according to

E 1931 definition of y as specified in ISO/CIE 11664-1 (see also ISO/EIE 11664-3 and CIE 15), in

DO, inclusive,
ering display

gested that
rrespond to
d in the VUI

ormalized x
B1 definition
| increments
jormalized x
unknown or

prmalized y
B1 definition
| increments
ormalized y
unknown or

the mastering
d correspond
| y[ ¢ ], mdev_

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,
nominal maximum display luminance of the mastering display in units of 0.0001 candela

specifies the
S per square

metre. When mdcv_max_display_mastering_luminance is not in the range of 50 000 to 100 000 000,

the nominal maximum display luminance of the mastering display is indicated to be
unspecified or specified by other means not specified in this document.

NOTE3  SMPTE ST 2086 specifies that the nominal maximum display luminance of the masterin

be specified as a multiple of 1 candela per square metre. This would correspond with using values
element mdcv_max_display_mastering_luminance, as defined in this document, that are a multiple
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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_display_mastering_luminance, when in the range of 1 to 50 000, specifies the nominal
minimum display luminance of the mastering display in units of 0.0001 candelas per square metre.
When mdcv_min_display_mastering_luminance is not in the range of 1 to 50 000, the nominal maximum
display luminance 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 to 50 000, mdcv_
min_display_mastering_luminance shall not be equal to 50 000.

NOTE 5 SMPTE ST 2086 specifies that the nominal minimum display luminance of the mastering display 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  Ar] example of the use of values outside the range for which semantics are specified in this dociiment
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 been adjusted usiug picture line-up genefation
equipment (PLUGE).

At the minimpum luminance, the mastering display is considered to havethe same nominal chromaticity
as the white|point.

8.10 Content light level information SEI message

8.10.1 Content light level information SEI message syntax

content_light_level_info( payloadSize ) { Descriptor
cllif max_content_light_level u(16)
cllif max_pic_average_light_level u(16)

}

8.10.2 Content light level information SEI message semantics

This SEI megsage identifiesapper bounds for the nominal target brightness light level of the pictufes of
the CLVS.

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

The semantifs'df'the content hght level mformat10n SEI message are defmed in relatlon to the Values of
samples in a 444 TepT ' rear light
domain for the pictures of the CLVS, in umts 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.

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( E;, 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
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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).

NOTE 2  Since the maximum value E,;,, is used in this definition at each sample location, rather than a direct
conversion from Ey, Eg, 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 very small and Ej is large, in which case the indicated light level would be much larger than the true CIE 1931
luminance associated with the ( Eg, E, Eg ) triplet.

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

clli_max_content_light_level, when not equal to 0, indicates an upper bound on the maximum light
pur primary

clli_

b per square

e maximum
our primary
randelas per

_light_level.

When the visually relevant region does not correspond to the engire cropped decoded picture, such
as for "letterbox" encoding of video content with a wide picturé aspect ratio within a taller cropped
decodled picture, the indicated average should be performed onlywithin the visually relevint region.
8.11| Dependent random access point indication SEI message

8.11./1 Dependent random access point indication SEI message syntax

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
referted to as a DRAP picturé.

The
and

props
ordet
pictu

The

]

picture referencing)specified in this subclause apply. These constraints can enable

brly decode the\DRAP picture and the pictures that follow it in both decoding orde
without néeding to decode any other pictures except the associated IRAP picture
Fe.

gonstraints indicated by the presence of the DRAP indication SEI message, which shall

presence of the DRAP indication SEI message indicates that the constraints on pjicture order

h decoder to
- and output
of the DRAP

all apply, are

as folllows:

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

The DRAP picture does not include any pictures in the active entries of its reference
except the associated IRAP picture of the DRAP picture.

picture lists

Any picture that 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 that precedes the DRAP picture in
decoding order or output order, with the exception of the associated IRAP picture of the DRAP

picture.
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8.12 Alternative transfer characteristics information SEI message

8.12.1 Alternative transfer characteristics information SEI message syntax

alternative_

transfer_characteristics ( payloadSize ) { Descrip

tor

preferr

ed_transfer_characteristics u(8)

8.12.2 Alternative transfer characteristics SEI message semantics

The alternative transfer characteristics SEI message provides a preferred alternative valuejfd

transfer_ch

VUI parame
characterist
vui_transfer]
that other v
by decoders
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8.13 Ambi

8.13.1 Ambient viewing environment SEI message syntax

acteristics syntax element that is indicated by the colour description syntax d
fers. This SEI message is intended to be used in cases when some value of vuj-trai
cs is preferred for interpretation of the pictures of the CLVS although some other va
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ransfer_characteristics specifies a preferred alternative value for the vui_traj
cs syntax element of the colour description syntax of the VUI parameters. The sem4
1_transfer_characteristics are otherwise -the same as for the vui_transfer_character
ent 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_characteristics.
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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 those assumed or intended when mastering the video content.

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.
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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
units of 0.0001 lux. ambient_illuminance shall not be equal to 0.

ambient_light_x and ambient_light_y specify the normalized x and y chromaticity coordinates,
respectlvely, of the environmental amblent light in the nominal V1eW1ng environment, according to the

C 3 d CIE 15), in
nor allzed 1ncrements of 0 00002 The Values of amblent llght X and amblent llght y sk all be 1n)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 D5 (ambiertllight_x equal to 15 635,
ambignt_light_y equal to 16 450), or optionally in some regions, background(ehromaticity ipdicating Dg;
(ambient_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
¢cv_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_primaries_present_flag)
for(c=0;¢<3; c++) {
ccv primaries_x| c | i(32)
ccv_primaries_y| c ] i(32)
5
if(;ecv_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)
}
}

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.
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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),
transferCharacteristics is set equal to vui_transfer_characteristics.

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

— Any of the values of transferCharacteristics, vui_colour_primaries, and vui_matrix_coeffs has a
value ddfined 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 followinlg applies when converting the signal from a non-linear to a linear représentation:

— Ifthe vallue of transferCharacteristics is equal to 1, 6, 7, 14, or 15, the Rec/1TU-R BT.1886 refefence
electro-pptical transfer function should be used to convert the signal to its linear representation,
where the value of screen luminance for white is set equal to 100 candelas per square metrg, the
value of|screen luminance for black is set equal to 0 candelas per squatre 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-t@ 18, the hybrid log-gamma refefence
electro-pptical transfer function specified in Rec. ITU-R"BT.2100 should be used to convert the
signal tq its linear representation, where the value ofshominal peak luminance of the display/|is set
equal to[1000 candelas per square metre, the value 6fthe display luminance for black is set eqpal to
0 candelas per square metre, and the value of systéin gamma is set equal to 1.2.

— Otherwise (the value of transferCharacteristi¢cs is not equal to 1, 6, 7, 14, 15, or 18) when the cgntent
colour vplume SEl message is present, the exact inverse of the transfer function specified in sperified
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 content colour volume SEI message cancels the persisftence
of any previpus content colour volume'SEI message in output order that applies to the current [layer.
ccv_cancel_flag equal to 0 indicates that content colour volume information follows.

ccv_persistence_flag specifies ‘the persistence of the content colour volume SEI message for the
current layer.

ccv_persistehce_flag equal to 0 specifies that the content colour volume applies to the current de¢oded
picture only.

ccv_persistehcé, flag equal to 1 specifies that the content colour volume SEI message applies tjo the
current decaded picture and persists for all subsequent pictures of the current layer in output prder
until one or more of the following conditions are true:

— Anew 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.

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|[ ¢ ] are not present.
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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_avg_luminance_value_present_flag equal to 1 specifies that the syntax element ccv_avg_
luminance_value is present. ccv_avg_luminance_value_present_flag equal to 0 specifies that the syntax

element ccv_avg_luminance_value is not present.

It is &

luminance_value_present_flag, ccv_max_luminance_value_present_flag, and ccv_avg dumi

prese

cev_1
docu
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to 1 should correspond to the blue primary, and c.equal to 2 should correspond to t}
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paramnetérs according to the transfer characteristics of the signal. The values of ccv avg
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NOTE

The resulting domain from this conversion process might or might not represent light

luminance_

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

8.15 Omnidirectional video specific SEIl messages

8.15.1 Sample location remapping process

8.15.1.1 General

Use of this process requires the definition of the following variable:

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

To remap colour sample locations of a region-wise packed picture to a unit sphere, thefollowing or¢lered

steps are applied:

1.

A region-wise packed picture is obtained as the cropped decoded picture'by decoding a ¢oded
picture.|For purposes of interpretation of chroma samples, the input o the indicated remapping
processl|is the set of decoded sample values after applying an (unspeeified) upsampling conversion
process|to the 4:4:4 colour sampling format as necessary whencChromaFormatldc is equa) to 1
(4:2:0 chhroma format) or 2 (4:2:2 chroma format). This (unspecified) upsampling process should
accountffor the relative positioning relationship between the luma and chroma samples as indicated
by vui_dhroma_sample_loc_type_frame, vui_chroma_samplé _loc_type_top_field, and vui_chrjoma_
sample_Joc_type_bottom_field syntax elements in the VUI parameters, when present.

If RWP ip indicated, the sample locations of the region-wise packed picture are converted to sgmple
locationf of the respective projected picture as@pecified in subclause 8.15.1.4. Otherwisg, the
projected picture is identical to the region-wisepacked picture.

If framq packing is indicated, the sample<locations of the projected picture are convertpd to
sample Jocations of the respective constituent picture of the projected picture, as specified in
subclauge 8.15.1.5. Otherwise, the constituent picture of the projected picture is identical o the
projected picture.

The sanpple locations of a constituent picture of the projected picture are converted to sphere
coordingites relative to thedacal coordinate axes, as specified in subclause 8.15.1.2.

If rotatipn is indicated,\the sphere coordinates relative to the local coordinate axes are converted
to sphere coordinates-relative to the global coordinate axes, as specified in subclause 8.1/5.1.3.
Otherwise, the global coordinate axes are identical to the local coordinate axes.

The overall grocess.for mapping of luma sample locations within a region-wise packed picture to sphere

coordinates felative 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 set equal to yaw_rotation + 216, pitch_rotation + 216, and roll_rotation + 216, respectively.

Otherwise, RotationFlag is set equal to 0.

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=b1faef32154955554ec785c8521cffcd

8.15./1.2 Projection for one sample location

Inputs to this process are:

Outp

The grojection-for a sample location is derived as follows:
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Ifaframe 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

VerDiv1 is set equal to 1.

Otherwise, 1f 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 to 0, H
equal to 1, and VerDiv1 is set equal to 2.

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

If a RWP SEI message with rwp_cancel_flag equal to 0 that applies to the picture is
HRegionWisePackingFlag is set equal to 0, and ConstituentPicWidth and Constitu
dre set to be equal to cropPicWidth / HorDiv1 and cropPicHeight / VerDiv1, respect
ropPicWidth and cropPicHeight are the width and height,(respectively, of the crop
icture.

C
B
(Qtherwise, RegionWisePackingFlag is set equal “to 1, and ConstituentPic
d

h

eight / VerDiv1, respectively.

ictureWidth and pictureHeight, which are the width and height, respectively, of a
rojected luma picture, in relative projected picture sample units (see subclause 8.15.

hollse}

—

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

—n

1ts of this process-are:

sphere coordinates (¢, 0) for the sample location in degrees relative to the local coordi

et

F ErpFlag is equal to 1, the following applies:

SEI message
prDiv1 is set

brDiv1 is set

not present,
entPicHeight
ively, where
bed decoded

Width and

onstituentPicHeight are set equal to rwp_proj_picture_width / HorDivl and rwp_proj_picture_

monoscopic
b.2), and

respectively,
r real values.

nate axes.

—+ If RegionWisePackingFlag is equal to 0 and erp _guard band_flag is equal to 1, t

he following

applies:

hPos’ = hPos - erp_left_guard_band_width
pictureWidth = pictureWidth - erp_left_guard_band_width - erp_right_guard_band_width

— Otherwise, the following applies:

hPos’ = hPos

— The following applies:

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

4 (2 *hPosAdj + faceWidth ) + 1 (36)
-4 (2 * vPosAdj + faceHeight ) + 1

hPos’
vPos’

— If gdmp_mapping_function_type is equal to 0, the following applies:
hPos" = hPos’ (37)
vPos" = yPos’

— Otherwise, if gcmp_mapping_function_type is equalto 1, the following applies:

hPos"
vPos"’

[an( hPos' *m+ 4) (38)
Tan(vPos' *m+4)

— Otherwise (gcmp_mapping_function_type is equal to 2), the following applies:

roeffU[ n] = (gcmp_function_coeffu[n]+1) + 128

coeffV[ n] = ( gcmp_functioncoeff v[n]+ 1)+ 128

hPos”’ = hPos’ + (1 + coeffd[\n] * (1 - gcmp_function_u_affected_by_v_flag[ n] * vPos'2 ) *
(1-hPos'2)) (39)

VPos" = vPos' + (1 +.c0effV[n]* (1-gemp_function_v_affected_by_u_flag[ n] * hPos2) *
(1-vPos'?))

— The|following 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 T gcmp_tace_index| n] == 3 J{ /' 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”

Helse { /* (gcmp_face_index[ n] == 4 ), negative y right face */
x = hPos”

y=-1.0

z =vPos”

—

=Atan2(y,x)*180 +m
= Asin(z + Sqrt(x2+y2z2))*180 +

Do

8.15.1.3 Conversion from the local coordinate axes to the global coordinate axes

Inputs to this process are:

— rptation_yaw (o), rotation_pitch (Bg;rotation_roll (y4), all in units of degrees, and

— sphere coordinates (¢4, 8,) relative to the local coordinate axes.
Outplits of this process are:

— sphere coordinates (¢',.6“Yrelative to the global coordinate axes.
The dutputs are derivedas follows:

=gy * =+ 180
=0y *m+ 180
=ay* 180
= By =180
= yq =+ 180
L =Cos(¢d ) *Cos(0)

=T Do

<

[=Sm( P Tos(0)

z, =Sin(6)

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

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

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

¢’ =Atan2(y,, x,)*180+m

0’ =Asin(z,)*180 +m
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8.15.1.4 Conversion of sample locations for rectangular region-wise packing

Inputs to this process are:

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

the width and the height (projRegWidth, projRegHeight) of the projected region, in relative projected
picture sample units,

the width and the height (packedRegWidth, packedRegHeight) of the packed region, in relative
region-wise packed picture sample units,

transforym type (transformType), and

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

NOTE offsetX and offsetY both being equal to 0.5 indicates a sampling position that’isat the centre poipt of a

sample in packed picture sample units.

Outputs of t

The outputsjare derived as follows:

62

is process are:

the centfe point of the sample location (hPos, vPos) within the projected region in relative projected
picture $ample units, where hPos and vPos could have non-integer real values.

if( transformType == 0 || transformType == 1 || transformType == 2 || transformType == 3){
= projRegWidth + packedRegWidth
verRatip = projRegHeight + packedRegHeight
}else if ( tfansformType == 4 || transformType =="5"| | transformType == 6 ||
transfofmType == 7){
o = projRegWidth + packedRegHeight

if( transformType == 0){

hPos = horRatjo * ( x + offsetX) (42)
vPos = yerRatio * ( packedRegHeight - y - offsetY )
} else if ( tramsformType===473<%

hPos = horRatio * (y + offsetY )

vPos = verRatio * ( x + offsetX )
} else if ( transformType == 5) {

hPos = horRatio * (y + offsetY )

vPos = verRatio * ( packedRegWidth - x - offsetX)
} else if ( transformType ==6) {

hPos = horRatio * ( packedRegHeight - y - offsetY )

vPos = verRatio * ( packedRegWidth - x - offsetX)
} else if ( transformType == 7)) {

hPos = horRatio * ( packedRegHeight - y - offsetY )

vPos = verRatio * ( x + offsetX )

}
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8.15.1.5 Mapping of luma sample locations within a cropped decoded picture to sphere
coordinates relative to the global coordinate axes

This subclause specifies the semantics of luma sample locations within a cropped decoded picture to
sphere coordinates relative to the global coordinate axes.

offsetX is set equal to 0.5 and offsetY is set equal to 0.5.

If RegionWisePackingFlag is equal to 1, the following applies for each packed region n in the range of 0
to NumPackedRegions - 1, inclusive:

— For each sample location (xPackedPicture, yPackedPicture) belonging to the n-th packed region, the
fpllowing applies:

—+ The corresponding sample location (xProjPicture, yProjPicture) of the prejectdd picture is
derived as follows:

— xis setequal to xPackedPicture — PackedRegionLeft[ n |.

— yissetequal to yPackedPicture - PackedRegionTop[ n |.

— Subclause 8.15.1.4 is invoked with x, y, PackedRegionWidth[ n ], PackedRegionHeight[ n |,
ProjRegionWidth[ n ], ProjRegionHeight[ n ], TransformType[ n ], offsetX and offsetY as
inputs, and the output is assigned to sample location,(hPos, vPos).

— xProjPicture is set equal to ProjRegionLeft[ n |@®hPos.

— WhenStereoFlagisequalto0orTopBottomElagisequalto1,and whenxProjPictlireisgreater
than or equal to rwp_proj_picture_width)xProjPicture is set equal to xProjPi¢ture — rwp_
proj_picture_width.

— When SideBySideFlag is equal tol; the following applies:

— When ProjRegionLeft[ w,] is less than rwp_proj_picture_width / 2 and kProjPicture
is greater than or equal to rwp_proj_picture_width / 2, xProjPicture is|set equal to
xProjPicture - rwpiproj_picture_width / 2.

— When ProjRegionLeft[ n ] is greater than or equal to rwp_proj_picture_width / 2 and
xProjPicture-is greater than or equal to rwp_proj_picture_width, xProjHicture is set
equal to%ProjPicture — rwp_proj_picture_width / 2.

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

—+ Subclause*8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPifWidth, and
ConstituentPicHeight as inputs, and the outputs indicating the sphere coordinates and the
constituent picture index (for frame-packed stereoscopic video) for the luma sample location
(xPackedPicture, yPackedPicture) belonging to the n-th packed region in the decofled picture.

Otherwise 1 RegionWisePackingFlag is equal U and CmpFlag 1s equal to L, the rollowing applies for each
sample location (x, y) that is not a cubemap projection guard band sample within the cropped decoded
picture:

— xProjPicture is set equal to x + offsetX.
— yProjPicture is set equal to y + offsetY.

— Subclause 8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPicWidth, 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 cropped decoded picture.

Otherwise (RegionWisePackingFlag is equal to 0, and CmpFlag is equal to 0), the following applies for
each sample location (x, y) that is not an equirectangular projection guard band sample within the
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cropped decoded picture, where a sample location (x, y) is an equirectangular projection guard band
sample when and only when ErpFlagis equal to 1, xis in the range of 0 to erp_left_guard_band_width - 1,
inclusive, or ConstituentPicWidth - erp_right_guard_band_width to ConstituentPicWidth - 1, inclusive,
and y is in the range of 0 to ConstituentPicHeight - 1, inclusive:

xProjPicture is set equal to x + offsetX.
yProjPicture is set equal to y + offsetY.

If ErpFlag is equal to O, projPicWidth is set equal to ConstituentPicWidth. Otherwise (ErpFlag is
equal to 1), projPicWidth is set equal to ConstituentPicWidth - ( erp_left_guard_band_width + erp_
right_guard band width ).

Subclau$e8.15.1.6isinvokedwithxProjPicture,yProjPicture, projPicWidth,and ConstituentPicHeight
as inputp, and the outputs indicating the sphere coordinates and the constituent picture-index (for
frame-ppcked stereoscopic video) for the sample location (x, y) within the regiofi-wise packed
picture.

8.15.1.6 Conversion from a sample location in a projected picture to sphereceordinates relative

to the global coordinate axes

Inputs to thik process are:

Outputs of this process are:

The outputsjare derived with the following ordered steps:

1.

64

the centfe point of a sample location (xProjPicture, yProjPicture) within a projected picture, where
xProjPidture and yProjPicture are in relative projected pictur€sample units and could have non-
integer teal values, and

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

sphere ¢oordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the global
coordinate axes, and

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

constituentPicture, xProjPictlire, and yProjPicture are conditionally set as follows:

— IfxBrojPicture is greater than or equal to pictureWidth or yProjPicture is greater than or pqual
to pjctureHeight;the following applies:

— |constituentPicture is set equal to 1.

— |When' xProjPicture is greater than or equal to pictureWidth, xProjPicture is det to
xProjPicture — pictureWidth

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

— Otherwise, constituentPicture is set equal to 0.

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

azimuthGlobal and elevationGlobal are set as follows:

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

8.15.

elevationLocal.

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:

— f
r

The g
gc
gc

gc
ify(

if(

}

(o)

} €

}

Q@

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

utputs are derived as follows:

mpPicWidth = pictureWidth

mpPicHeight = pictureHeight

mpGuardBandSamples = gcmp_guard_band_flag ? gcmp_guard_band_samples_minusl +1:0
gcmp_guard_band_flag && gcmp_guard_band_boundary_exterior_flag )/{

gcmpPicWidth = pictureWidth - 2 * gcmpGuardBandSamples

scmpPicHeight = pictureHeight — 2 * gcmpGuardBandSamples

gcmp_packing_type == 0){
if( gcmp_guard_band_flag)
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth
faceHeight = gcmpPicHeight / 6
se if( gcmp_packing_type == 1){
if( gcmp_guard_band_flag)
gcmpPicWidth -= 2 * gcmpGuardBandSaniples
faceWidth = gcmpPicWidth / 2
faceHeight = gcmpPicHeight / 3
se if( gcmp_packing_type == 2){
if( gcmp_guard_band_flag)
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth"/.3
faceHeight = gcmpPicHeight / 2
lse if( gcmp_packing_type == 3){
if( gcmp_guard_bandxflag )
gecmpPicWidth™ = 2 * gcmpGuardBandSamples
faceWidth = gempPicWidth / 6
faceHeight= gcmpPicHeight
[se if( gcmiprpacking_type == 4){
if( gcmpsguard_band_flag)
gémpPicWidth -= 2 * gcmpGuardBandSamples
facéWidth = gcmpPicWidth / 3

cted face, in

(43)

c. X - 1 PR S SR |
1dCETICIZIU = gCIHIPT ICTICIZIIU

} else if( gcmp_packing_type == 5){

}

if( gcmp_guard_band_flag)

gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth
faceHeight = gcmpPicHeight / 3

The values of faceWidth and faceHeight are constrained as follows:

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

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

faceWidth shall be a multiple of 4 in units of luma samples.
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— 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.

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

— Otherwise, the following constraints apply:

— Whé¢n ChromaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma~format),
faceWwidth shall be a multiple of 2 in units of luma samples.

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

[t is a requirpment of bitstream conformance that the following constraints apply;:

— If gemp_fpacking_type is equal to 0, gcmpPicHeight shall be a multiple of,6,and gcmpPicWidth| shall
be equal to gcmpPicHeight / 6.

— Otherwise, if gcmp_packing_type is equal to 1, gcmpPicWidth-shall be a multiple of 7 and
gcmpPidHeight shall be a multiple of 3, and gcmpPicWidth / 2 shall be equal to gcmpPicHeight / 3.

— Otherwise, if gcmp_packing_type is equal to 2, gcmpRi¢gWidth shall be a multiple of 3 and
gcmpPidHeight shall be a multiple of 2, and gcmpPicWidth / 3 shall be equal to gcmpPicHeight / 2.

— Otherwise, if gcmp_packing_type is equal to 3, gempPicWidth shall be a multiple of 6] and
gcmpPidWidth / 6 shall be equal to gcmpPicHeight:

— Otherwise, if gcmp_packing_type is equabto 4, gcmpPicWidth shall be a multiple of 6] and
gcmpPidWidth / 3 shall be equal to gcmpPicHeight.

— Otherwise, if gcmp_packing_type is_equal to 5, gcmpPicHeight shall be a multiple of 6] and
gcmpPidWidth shall be equal to gempPicHeight / 3.

8.15.1.8 Copnversion from a sample location in a projected picture to a sample location in a
projected cibemap face

Inputs to thik process are:

— sample Ipcation (hPos, vPos) within the projected picture in relative projected picture sample finits,
where hPos aiid vPos could have non-integer real values, and

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

Outputs of this process are:

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

The outputs are derived as follows:
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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 * ghSize
€lSe I gcmp_packing _type == 2
tmpVerPos = tmpVerPos < faceHeight ? tmpVerPos : tmpVerPos - 2 * gbSize
else if( gcmp_packing_type == 3)
tmpHorPos = tmpHorPos < 3 * faceWidth ? tmpHorPos : tmpHorPos - 2 * gbSize
else if( gcmp_packing_type == 4)
tmpHorPos = tmpHorPos < faceWidth / 2 ? tmpHorPos : tmpHorPos < 2.5 * faceWidth + gb{ize ?
tmpHorPos - gbSize : tmpHorPos - 2 * gbSize (44)
else if( gcmp_packing_type == 5)
tmpVerPos = tmpVerPos < faceHeight / 2 ? tmpVerPos : tmpVerPos < 2.5 * faceHeight + gbSjze ?
tmpVerPos - gbSize : tmpVerPos - 2 * gbSize

r = Floor( tmpHorPos + faceWidth )
= Floor( tmpVerPos + faceHeight )
hlPosFace = tmpHorPos — w * faceWidth
vPosFace = tmpVerPos - h * faceHeight

o0 <

8.15.1.9 Rotation of sample locations for a projected cubemap face

Inputs to this process are:

|
W

ample location (hPosFace, vPosFace)within the n-th projected face in relative projgcted picture
ample units, where hPosFace and.¥PosFace could have non-integer real values, and

w

— fhaceWidth and faceHeight, which are the width and height, respectively, of the projdcted face, in
relative projected picture sdmple units.

Outplits of this process are:

— the rotated sample)location (hPosRot, vPosRot) within the projected face in relatiye projected
dicture sample tnits, where hPosRot and vPosRot could have non-integer real values.

The qutputs aréderived as follows:

if( gcmp_face_rotation[n] == 0){

lWPosRot = hPosFace

vPosRaot = vPasFace

} 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

}
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8.15.1.10 Adjustment of a sample location for hemisphere cubemap projection
Inputs to this process are:

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

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

Outputs of this process are:

— the adjuptedsampte tocation (hPosAd), VPoSAdyWwithim the n-th projected face in retative projected
picture $ample units, where hPosAdj and vPosAdj could have non-integer real values.

The outputsjare derived as follows:

leftFacelfix = {5, 3, 1,0, 0, 1}
rightFac¢ldx={4,2,0,1, 1, 0}
topFacelfix={2, 4, 4, 4, 2, 2}
bottomFaceldx={3,5, 5,5, 3, 3}
hPosAdj F hPosRot
vPosAdj § vPosRot
if(n = 4)
if( facg_index[2 ]| = = leftFaceldx[ face_index[n] ] && hPosAdj >=, faceWidth / 2)
hPosAdj -= faceWidth / 2
else if(| face_index[2 ] = = rightFaceldx| face_index[ n] ] && hPesAdj < faceWidth / 2)
hPosAdj += faceWidth / 2 (46)
else if| face_index[2 ] = = topFaceldx][ face_index[ n ]| &&“¢PosAdj >= faceHeight / 2)
vPopAdj -= faceHeight / 2
else if| face_index[2 ] = = bottomFaceldx][ face_index[ n:] | && vPosAdj < faceHeight / 2)
vPopAdj += faceHeight / 2

8.15.2 Equjrectangular projection SEI message

8.15.2.1 Equirectangular projection SEI message syntax

equirectangular_projection( payloadSize ) { Descriptor
erp_cancel_flag u(1)
if( lerp_fcancel_flag) {
erp_persistence, flag u(1)
erp_guard/band_flag u(1)
erp reserved_zero_2bits u(2)
if( ¢rp{guard_band_flag == 1) {
erp_guard_band_type u(3)
erp_left_guard_band_width u(8)
erp_right_guard_band_width u(8)
}
}
}

8.15.2.2 Equirectangular projection SEI message semantics

The equirectangular projection SEI message provides information to enable remapping (through an
equirectangular projection) of the colour samples of the projected pictures onto a sphere coordinate
space in sphere coordinates (¢, 0) for use in omnidirectional video applications for which the viewing
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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 0 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 an equirectangular projection SEIl message is present for any picture ofa CLVS, an equirectangular
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.

Wheth the SAR for a picture is indicated by vui_aspect_ratio_idc or sari_aspect_ratio_idc grleater than 1,

there should be no equirectangular projection SEI messages applicable for the picture.

A fra
as an

me packing arrangement SEI message for which all the following conditions.are'true is referred to

effectively applicable frame packing arrangement SEI message:

T

he value of fp_arrangement_cancel_flag is equal to 0.
The value of fp_arrangement_type is equal to 3, 4, or 5.
he value of fp_quincunx_sampling_flag is equal to 0.
he value of fp_spatial_flipping_flag is equal to 0.

he value of fp_field_views_flag is equal to 0.

he value of fp_frame0O_grid_position_x is equal tg 0.
he value of fp_frame0O_grid_position_y is equal to 0.
The value of fp_framel_grid_position_x is'equal to 0.

T

he 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

appli
mess
pictu
fram
the p

erp_¢
equir
equir

bs to the picture is present that is not an effectively applicable frame packing arra
hge, an equirectangulanprojection SEI message with erp_cancel_flag equal to 0 that 3
re shall not be present. Decoders shall ignore equirectangular projection SEI mess
e packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 th
cture is present-that is not an effectively applicable frame packing arrangement SEI

ancel_flagsequal to 1 indicates that the SEI message cancels the persistence of z
ectangulax, projection SEI message in output order. erp_cancel_flag equal to 0 in
ectangular projection information follows.

ngement SEI
pplies to the
hges when a
at applies to
hessage.

ny previous
dicates that

bsage for the

erp_!)ersistence_flag specifies the persistence of the equirectangular projection SEI me
£

CUrrentayet:

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 one or more of the following conditions are true:

— Anew CLVS of the current layer begins.

The bitstream ends.

— A picture in the current layer in an AU associated with an equirectangular projection SEI message
is output that follows the current picture in output order.
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erp_guard_band_flag equal to 1 indicates that the constituent picture contains guard band areas for
which the sizes are specified by the syntax elements erp_left_guard_band_width and erp_right_guard_
band_width. erp_guard_band_flag equal to 0 indicates that the constituent picture does not contains
guard band areas for which the sizes are specified by the syntax elements erp_left_guard_band_width
and erp_right_guard_band_width.

erp_reserved_zero_2bits shall be equal to 0 in bitstreams conforming to this edition of this document.
Other values for erp_reserved_zero_2bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall
ignore the value of erp_reserved_zero_2bits.

erp_guard_band_type indicates the type of the guard bands as follows:

— erp_gua
content

specifie

erp_gua
of samp

NOTE er

rd_band_type equal to 0 indicates that the content of the guard band in relation, t
of the constituent picture is unknown or unspecified or specified by other mean
] in this document.

d_band_typeequalto 1indicatesthatthe contentofthe guard band sufficesfgrinterpo
e values at sub-pel sample fractional locations within the constituent picture.

b_guard_band_type equal to 1 could be used when the source boundary samples of a const

picture have lpeen copied horizontally to the guard band.

erp_gua
picture
picture 1

erp_gua
picture

erp_gua
shall tre
value 0.

erp_left_gu
picture in uj
band_width

d_band_type equal to 2 indicates that the content of the(guard band represents 3

o that of the spherically adjacent region.

rd_band_type equal to 3 indicates that the contefit of the guard bands represents 3
fontent at a similar level of quality as the constituent picture.

d_band_type values greater than 3 are reseryed for future use by ITU-T | ISO/IEC. Dec
at the value of erp_guard_band_type whewthe value is greater than 3 as equivalent {

lits of luma samples. When erpsguard_band_flag is equal to 0, the value of erp_left_g
is inferred to be equal to 0. When ChromaFormatldc is equal to 1 (4:2:0 chroma form

2 (4:2:2 chrgma format), erp_left_guard.band_width shall be an even number.

erp_right_g
picture in uf
band_width

its of luma samples:When erp_guard_band_flag is equal to 0, the value of erp_right_g
is inferred to be-equal to 0. When ChromaFormatldc is equal to 1 (4:2:0 chroma form|

2 (4:2:2 chrgma format), erp-tight_guard_band_width shall be an even number.

8.15.3 Gen

bralized cubemap projection SEI message

o the
S not

ation

ituent

ctual

content at a quality that gradually changes from the picfure quality of the constituent

ctual

bders
o the

ird_band_width specifies the width of the guard band on the left side of the constituent

iard _
at) or

uard_band_width specifies the width of the guard band on the right side of the constituent

hard_
at) or

8.15.3.1 Gelneralized 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)75:6;
i++){
gcmp_face_index| i | u(3)
gcmp_face_rotation| i | u(2)

70
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if( gcmp_mapping_function_type == 2){

gcmp_function_coeff u| i ] u(7)
gcmp_function_u_affected_by_v_flag[i ] u(1)
gcmp_function_coeff v([i] u(7)
gcmp_function_v_affected_by_u_flag[i] u(1)
}
}
gcmp_guard_band_flag u(1)
Htgemp—guard—band—ftag3<
gcmp_guard_band_type u(3)
gcmp_guard_band_boundary_exterior_flag u(1)
gcmp_guard_band_samples_minus1 u(4)

S,

}

8.15.3.2 Generalized cubemap projection SEI message semantics

a gerjeralized cubemap projection) of the colour samples of the projected pictures o
coordinate space in sphere coordinates (¢, 8) for useyin/omnidirectional video applicatio
the vlewing perspective is from the origin looking outward toward the inside of the spherg
coordinates are defined so that ¢ is the azimuth (longitude, increasing eastward) and 0 is
(latitpde, increasing northward).

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

WhelLa generalized cubemap projection SEI message is present for any picture of a CLVS, §
cube
indicgting a different type of‘projection shall be present for any picture of the CLVS.

When the SAR for a pigtute is indicated by vui_aspect_ratio_idc or sari_aspect_ratio_idc gr
there should be no generalized cubemap projection SEI messages applicable for the picturg.

A frane packing)arrangement SEI message for which all the following conditions are true i
as an|effectivélyapplicable frame packing arrangement SEI message:

A chroma format indicator, denoted herein by ChromaFormatldc, as described in subcl

ap projection SEI message“shall be present for the first picture of the CLVS and no

The value of fp_arrangement_cancel_flag is equal to 0.

to a sphere

s for which
. The sphere
he elevation

The generalized cubemap projection SEI message providesdiiformation to enable remapp'Lng (through

ause 7.3.
generalized
SEI message

eater than 1,

s referred to

m
1

fevatueof fparrangement—typeisequatto3;4or5:
The value of fp_quincunx_sampling_flag is equal to 0.
The value of fp_spatial_flipping_flag is equal to 0.

The value of fp_field_views_flag is equal to 0.

The value of fp_frame0_grid_position_x is equal to 0.
The value of fp_frame0_grid_position_y is equal to 0.
The value of fp_framel_grid_position_x is equal to 0.

The value of fp_framel_grid_position_y is equal to 0.
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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, a generalized cubemap projection SEI message with gcmp_cancel_flag equal to 0 that applies
to the picture shall not be present. Decoders shall ignore generalized cubemap 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.

When all of the following conditions are true, the functionality of the generalized cubemap
projection SEI message is exactly the same as the cubemap projection SEI message specified in in

Rec. ITU-T H.

265 | ISO/IEC 23008-2 and Rec. ITU-T H.264 | ISO/IEC 14496-10:

The valu

— The valye of gcmp_mapping_function_type is equal to 0;

— The Valr]es of gcmp_face_index[ i ] for i from 0 to 5, inclusive, are equal to 5,0,4, 3, 1 4
respectively;

— The valye of gcmp_face_rotation[ i | is equal to 0 for each value of i in the range of 0 to 5, inclu

The valu

gcmp_cance

e of gcmp_packing_type is equal to 2;

e of gcmp_guard_band_flag is equal to 0.

1_flag equal to 1 indicates that the SEI message cancels‘the persistence of any pre

generalized
that cubem

cubemap projection SEI message in output order. gcmip_cancel_flag equal to 0 ind
projection information follows.

gcmp_persiptence_flag specifies the persistence of the generdlized cubemap projection SEI me
for the currgnt layer.

gcmp_persistence_flag equal to 0 specifies that the gen€éralized cubemap projection SEI message aj

to the curremt decoded picture only.

gcmp_persisitence_flag equal to 1 specifies thatthe generalized cubemap projection SEI message aj

to the curremt decoded picture and persistsall subsequent pictures of the current layer in output

until one or

Anew C

The bits

— A pictur]
that foll

more of the following conditipns are true:
VS of the current layerbegins.
tream ends.

e in the current layer in an AU associated with a cubemap projection SEI message is o
bws the curreht picture in output order.

'ng_type specifies the packing type and the position index of the cubemap packi

inclusive. Othervalues for gcmp packmg type are reserved for future use by ITU-T | ISO/IEC
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Table 10 — Specification of packing type and position index based on gcmp_packing_type

ble locations

[EC 23008-2
b 1 specifies

gcmp_packing_type | Packing type and position index
0
1
2
0
3
4
o
01
1 2|3
4 |5
0112
2
3141(5
3 01289 4]|5
4 o{x| 2 (3|4
0
1
5 2
3
4
gcmp_mapping_function_type specifies the mapping function used to adjust the sam
of th¢ cubemap projection. gcmp:imapping_function_type equal to 0 specifies that the sajme mapping
functjion as specified for the,cubemap projection SEI message in Rec. ITU-T H.265 | ISO
and Rec. ITU-T H.264 | ISO/IEC 14496-10 is used. gcmp_mapping_function_type equal t
that the equi-angular mapping function is applied to adjust the sample locations of the p

as defined in subclausé 8.15.1.2. gcmp_mapping_function_type equal to 2 specifies that the
the mapping functiondpplied to adjust the sample locations of the i-th projected face are spg
syntgx elementssgemp_function_coeff_u[ i ], gcmp_function_u_affected_by_v_flag[ i |, gcn

ojected face,
coeffients of
cified by the
np_function_

coefflv[ i ], and{gcmp_function_v_affected_by_u_flag[ i ]. The value of gcmp_mapping_fyinction_type

ype and the

acking_t

subclause 8.15.1.2.

When gcmp_packing_type is equal to 4 or 5, it is a requirement of bitstream conforma
following constraints apply:

as specified in

nce that the

— 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 ] for i equal to 0,

1,3 or 4 shallbe 0, 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.

© ISO/IEC 2021 - All rights reserved
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gcmp_face_rotation| i | specifies the rotation to be applied to the face on position index i as specified

in Table 11.

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

Rotation angle in degree (anticlock-
wise)

0
90
180

gcmp_face_rotation[ i ]

When gcmp |
constraints

— Ifgcmp_
4 shall b

Otherwi
value of
the valu

Otherwi
and whe

When gcmp |
constraints 3

If gcmp |
shall be

Otherwi
value of
the valu

Otherwi
and whe

gcmp_funct
of the i-th fa

gcmp_funct
the u-axis re
to 0 indicate
location.

0
1
2
3

/U

packing_type is equal to 4, it is a requirement of bitstream conformance that thefollc
pply:

face_index[2 ] is equal to 0 or 1, the value of gcmp_face_rotation][ i | fordequal to O, 1
e 0 or 2.

se, if gcmp_face_index[2 ] is equal to 2 or 3, when gcmp_face_index] i ] is equal to
gcmp_face_rotation[ i ] shall be 0 or 2, and when gcmp_face_iddex[ i | is equal to 0, 4
e of gcmp_face_rotation[ i ] shall be 1 or 3.

se, when gcmp_face_index][ i ] is equal to 0, the value of gemp_face_rotation[ i ] shall be
n gcmp_face_index[i]is equal to 1, 2 or 3, the value of gcmp_face_rotation][ i | shall be ]

packing_type is equal to 5, it is a requirement of‘bitstream conformance that the follc
pply:

face_index[2 ] is equal to 0 or 1, the value of gcmp_face_rotation[i] foriequal to 0, 1,
1 or 3.

se, if gcmp_face_index[2 ] is equal@o 2 or 3, when gcmp_face_index| i ] is equal to
gemp_face_rotation[ i ] shall be T~or 3, and when gcmp_face_index][ i ] is equal to 0, 4
e of gcmp_face_rotation] i ] shallbe 0 or 2.

se, when gcmp_face_index|\i] is equal to 0, the value of gcmp_face_rotation][ i ] shall be 1
n gcmp_face_index[ i]istequal to 1, 2 or 3, the value of gcmp_face_rotation[ i ] shall be (

Fe. When gcmp(furiction_coeff_u[ i ] is not present, it is inferred to be equal to 0.

jon_u_affected_by_v_flag[ i | equal to 1 indicates that the cubemap mapping funct
fers to the v position of the sample location. gcmp_function_u_affected_by_v_flag[ i ]
5 thatthe cubemap mapping function in u-axis does not refer to the v position of the s¢

wing

,3o0r

1, the
or 5,

or2,
or 3.
wing

B or 4

1, the
or 5,

L or 3,
or 2.

jon_coeff_u] i | specifies the coefficient used in the cubemap mapping function of the y-axis

on of
equal
mple

gcmp_funct

of the i-th face. When gcmp_function_coeff v[ i ] is not present, it is inferred to be equal to 0.

1on_coeff_v| 1] specifies the coefficient used in the cubemap mapping function of the v-axis

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

74

specified by the syntax element gcmp_guard_band_samples_minus1.
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gcmp_guard_band_type indicates the type of the guard bands as follows:

— gcmp_guard_band_type equal to 0 indicates that the content of the guard bands in relation to the
content of the coded face is unknown or unspecified or specified by other means not specified in
this document.

— gcmp_guard_band_type equal to 1 indicates that the content of the guard bands suffices for
interpolation of sample values at sub-pel sample fractional locations within the coded face.

NOTE gcmp_guard_band_type equal to 1 could be used when the source boundary samples of a coded
face have been copied horizontally or vertically to the guard band.

anges from the picture quality of the coded face to that of the spherically adjacent region.

— gcmp_guard_band_type equal to 3 indicates that the content of the guard bands repré¢sents actual
icture content that is spherically adjacent to the content in the coded face at a sirhilar picture
uality as within the coded face.

— gcmp_guard_band_type values greater than 3 are reserved for(future use by ITU{T | ISO/IEC.
ecoders shall treat the value of gcmp_guard_band_type whetv'the value is great¢r than 3 as
quivalent to the value 0.

gcmp_guard_band_boundary_exterior_flag indicates which face boundaries contain guard bands, as
specified in Table 12.

Table 12 — Specification of guard band boundary location based on gcmp_packing_type and
gcmp_guard_band beundary_exterior_flag

genjp_packing_type |gcmp_guard_band_boundary_exterior_flag Location of guard bgnd
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