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Foreword

021(E)

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

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

ies that

are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other

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

—+

EC, also

The procedures used to develop this document and those intended for its further majdten
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ne
the different types of document should be noted. This document was drafted in accordance
gditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documert may be thg
df patent rights. ISO and IEC shall not be held responsible for identifying”any or all sucl
rights. Details of any patent rights identified during the development of the document will h
Ihtroduction and/or on the ISO list of patent declarations received (see-www.iso.org/patents) o
list of patent declarations received (see patents.iec.ch).

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

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

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information ted
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information inform
collaboration with ITU-T. The technically’identical text is published as Recommendation ITU
8/2020).

ny feedback or questionsenthis document should be directed to the user’s national standard

(
A list of all parts in the ISO/IEC 23002 series can be found on the ISO website.
A
domplete listing of these®odies can be found at www.iso.org/members.html.

hnce are
bded for
with the

subject
h patent
e in the
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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
.

(s

Attention is drawn to the possibility that some of the elements of this document may bg,the subjeq
of patenft rights other than those in the patent database. ISO and IEC shall not be held responsible fq
identifying any or all such patent rights.

—

vi © ISO/IEC 2021 - All rights reserved


http://www.iso.org/patents
https://standardsiso.com/api/?name=b1faef32154955554ec785c8521cffcd

INTERNATIONAL STANDARD ISO/IEC 23002-7:2

021(E)

Information technology — MPEG video technologies —

Part 7:
Versatile supplemental enhancement information

Scope

pplemental enhancement information (SEI) messages. The VUI parameters and-SEI messages
this document are designed to be conveyed within coded video bitstreams in a manner §

L = = (n

sed with other types of coded video bitstreams.

owever, unless otherwise specified in a referencing specification, the interpretation and uj

ecoder or receiving video system. Although semantics-are specified for the VUI parameters

document.

2 Normative references

o |

he following documents are referred to in the text in such a way that some or all of their

Q

yUndated references, the latestiedition of the referenced document (including any amendments)

S

Vpe identification

]

0/CIE 11664-1,€olorimetry — Part 1: CIE standard colorimetric observers

o —

all (RPC)

fucilities

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 addr

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

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

© ISO/IEC 2021 - All rights reserved

his document specifies the syntax and semantics of video usability information (V\WU1) parameters and

defined
pecified

a video coding specification or to be conveyed by other means determined by the specificafions for
stems that make use of such coded video bitstreams. This documentiis\particularly intended for use
ith coded video bitstreams as specified by Rec. ITU-T H.266 | ISO/IEC23090-3, although it can also be

Ul parameters and SEI messages can assist in processes related to decoding, display or other puirposes.

e of the

Ul parameters and SEI messages specified in this document is not a required functionality of a video

and SEI

essages, decoders and receiving video systems can simply ignore the content of the VUI parjameters
nd SEI messages or can use them in a manner:that somewhat differs from what is specifiedl in this

content

onstitutes requirements of thissdocument. For dated references, only the edition cited applies. For

applies.

ecommendation ITU-TCH:273 | ISO/IEC 23091-2,Coding-independent code points for viddo signal

50/1EC 115781996, Information technology — Open Systems Interconnection — Remote Procedure

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

esses:
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31

AU

access unit

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

3.2

APS

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

3.3
associafed IRAP picture
previou$ IRAP picture (when present) in decoding order, for a particular picture, in the same layer as thie
particulpr picture

3.4
azimuth circle
circle or] a sphere connecting all points with the same azimuth value

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

3.5
byte
sequencg of 8 bits, within which, when written or read as a sequence of bit values, the left-most an
right-mqst bits represent the most and least significant bits, respectively, and the bits are written g
read from left to right

= =

3.6

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

Note 1 tgentry: The term chroma is used rather than the term chrominance in order to avoid implying the use ¢f
linear light transfer characteristics that is often‘a@ssociated with the term chrominance.

3.7
CLVS
coded layer video sequence

sequenck of PUs of the sameAayer that consists, in decoding order, of a CLVSS PU, followed by zero g
more PUs that are not CLVSSRUs, including all subsequent PUs up to but not including any subsequent P|
that is a|CLVSS PU

=

3.8

CLVSS PU

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

CLVSS

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

Note 1 to entry: In Rec. ITU-T H.266 | ISO/IEC 23090-3, a CLVSS picture is an 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

2 © 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

ded video sequence
sequence of AUs that consists, in decoding order, of a CVSS AU, followed by zero or more AUs that are not
VSS AUs, including all subsequent AUs up to but not including any subsequent AU that isa €VSY AU

U that has a PU for each layer present in the CVS and the coded picture in each'PU7is a CLVSS pidture

15

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

16

nstituent picture
art of a spatially frame-packed stereoscopic picture.that corresponds to one view, or a pictire itself
hen frame packing is not in use or the temporal interleaving frame packing arrangement is injuse

a7

opped decoded picture
result of cropping a decoded picture based on'the conformance cropping window for the corregponding
ded picture

18
ecoded picture
ecoded picture is derived by decoding a coded picture

19
ecoder
bodiment of a de€oding process

.20

ecoding ordér
rder in which syntax elements are conveyed in the coded video bitstream and are procesged by a
ecoding-process

PBEACOCS

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
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
compoﬁtion of a top field and a bottom field, where sample rows 0, 2, 4, ... originate fromrthe top fiel
and sample rows 1, 3, 5, ... originate from the bottom field

1S9

3.28
global goordinate axes
coordingte axes associated with omnidirectional video that are associated” with an externally
referendeable position and orientation

Note 1 tg entry: The global coordinate axes could correspond to the position-and orientation of a device or ri
used for|omnidirectional audio/video acquisition as well as the position’,ofan observer's head in the threg
dimensidnal space of the omnidirectional video rendering environment.

aQ

3.29
great cigcle
intersection of a sphere and a plane that passes through thé’/centre point of the sphere

Note 1 toentry: A great circle is also known as an orthodreitie or Riemannian circle.

3.30
inter priediction
aspect df the decoding process for a coded @icture that makes use of data derived from the decoding
process ¢f one or more previously decodédyreference pictures

3.31
IRAP pigture
coded pirture starting from whieh'all pictures in the same layer in both decoding order and output ordgr
can be decoded without first.decoding any picture in the same layer earlier in decoding order in thie
coded vifleo bitstream

3.32

layer
set of V[L NAL-units that all have a particular value of layer identifier and the associated non-VC
NAL un¥5, wherein the layer identifier is a variable for which the value is specified by a video codinlg

T

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

4 © ISO/IEC 2021 - All rights reserved
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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 containingthat data
ih a manner that enables the extraction of a string of data bits from the syntax structure

3.37
ron-VCL NAL unit
NAL unit that is not a VCL NAL unit

.38

mnidirectional video
ideo content in a format that enables rendering according to the (ser's viewing orientatiop, e.g., if
iewed using a head-mounted device, or according to a user's desired viewport, reflecting a pofentially
ptated viewing position

H < < 0O )

.39

utput order
rder in which the decoded pictures are output from the decoder (for the decoded pictures that gre to be
utput from the decoder)

O 0O O

40

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

o o o

41

acked region
egion in a region-wise packed picture that is mapped to a projected region according to g region-
bise packing

= = oo

(%]

42

icture
rray of luma samples in monochrome format or an array of luma samples and two corresponding
rrays of chromia samples in 4:2:0, 4:2:2, and 4:4:4 colour format

o

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

43

PS
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
specifiefl correspondence between the colour samples of a projected picture and azimuth and elevation
positionjs on a sphere

3.48
random access

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

=)

3.49
RASL picture
leading picture that cannot be correctly decoded when the decoding process.starts from the associated
IRAP pidture

3.50
referenfe picture
picture fhat contains samples that could be used for inter.prediction in the decoding process of
subsequlent pictures in decoding order

3.51
referenfre picture list
list of reference pictures that is used for inter prediction of a slice

3.52
region-wise packed picture
decoded picture that contains one or morepacked regions

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

3.53
region-wise packing
transforjmation, resizing, and-relocation of packed regions of a region-wise packed picture to remap thie
packed negions to projectedvegions of a projected picture

3.54
sample pspect ratio
indicated width*teheight 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
daes not belong to the lowest temporal sublayer

ote 1 to entry: An STSA picture does not use pictures in the same layer and with the same temporallsublayer
iflentifier as the STSA picture for inter prediction reference. Pictures following an STSA picture injdecodjing order
in the same layer and with the same temporal sublayer identifier as the STSA picture do not uSe picturef prior to
the STSA picture in decoding order in the same layer and with the same temporal sublayerddéntifier asjthe STSA
picture for inter prediction reference. STSA pictures in an independent layer (i.e., a layerthat does not depend on
other layers in its decoding) always have a temporal sublayer identifier greater than 0«

.60
syntax element
dlement of data represented in a syntax structure

.61
syntax structure
Zero or more syntax elements that are present together in a‘specified order in a string of data bits,
here the left-most bit is considered to be the first and ‘most significant bit, and the right-m¢st bit is
donsidered to be the last and least significant bit

.62
JEI message
syntax structure that provides a particular £ype of information that assists in processes rglated to
decoding, display or other purposes but is not needed by the decoding process in order to determine the
alues of the samples in decoded pictures

.63
temporal sublayer
sjubset of a temporal scalable hitstream, consisting of VCL NAL units with a particular value of femporal
sublayer identifier and the associated non-VCL NAL units

.64
temporal sublayerddentifier
umber greater thait or equal to 0 defined by a variable for which the value is specified byl a video
doding specification such that pictures of all temporal sublayers have a specified temporal outgut order
relative to eaehother and pictures with a lower temporal sublayer identifier can be decoded|without
referencedo pictures with a higher temporal sublayer identifier

.65
t lt angle
ARe reieating-the-amountottHtoefa—sphe egioneastred-asthe-amoeuntof retatien—efa 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 7
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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 omnidirectional video content suitable for display and viewing by the user

4 Abbreviated terms

AU access unit

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

CLVSS coded layer video sequence start
CVS coded video sequence

DRAP dependent random access point

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

PU picture unit

RASL random accesg-skipped leading

RWP region-wise-packing

SAR sample dspect ratio

SARI sample aspect ratio information

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

In this document, the following verbal forms are used:

— “shall”indicatesarequirement. When used to express a mandatory constraint on the values of syntax

elementsorthe values of variables derived from these cynf:\v n]nmpnfc, itisthe rncpnncihi]

ity of the

encoder to ensure that the constraint is fulfilled.

encouraged to be followed under anticipated ordinary circumstances, but is nota\require
conformance to this document.

4 “may” indicates a permission.

- “can” indicates a possibility or a capability.

]

hformation marked as “NOTE” is intended to assist the understanding or use of the documen
b entry” used in Clause 3 provide additional information that suppléments the terminological
an contain provisions relating to the use of a term.

ot

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

— o o ]

—]

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

=

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

o4 s o Ml vulll—|

umbering and counting cenventions generally begin from 0, e.g., "the first" is equivalent to
the second"” is equivalent te'the 1-th, etc.

3.2 Arithmetic.operators

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

* multiplication, including matrix multiplication

-+ “should” indicates a recommendation. It is used to refer to behaviour of an implementation that is

ment for

L. “Notes
Hata and

r future
lent, but
ment by

indicate
pecified

amming
ed more
n.

the 0-th,

X 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

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

y

D f(i)

x%y

division in mathematical equations where no truncation or rounding is intended

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

modulus

Remainder of x divided by y, defined only for integers x and y withx>=0andy >0

5.3 Ld

X &&y

x|y

x?y:z

5.4 Rq

1=
When a

"nall (no
value "n

5.5 Bi

&

)gical operators

Boolean logical "and" of x and y
Boolean logical "or" of x and y
Boolean logical "not"

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

plational operators

greater than

greater than or equal to
less than

less than or equal to
equal to

not equal to

relational operator is applied\to a syntax element or variable that has been assigned the Valﬁﬁ
F applicable), the value "nd"is treated as a distinct value for the syntax element or variable. T
h" is considered not to be equal to any other value.

t-wise operators

bit-wise "and"

When operating on integer arguments, operates on a two's complement representation of the
integerrvalue. When operating on a binary argument that contains fewer bits than another a1
gument, the shorter argument is extended by adding more significant bits equal to 0.

10

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.

© ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23002-7:2021(E)

bit-wise "exclusive or"

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

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
theshiftoperatiom:

<<y

3.6 Assignment operators

3.7 Range notation

=Y.z

3.8 Mathematicalfunctions

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

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

east sig-

assignment operator

increment, i.e., x++ is equivalent to x = x + 1; when used inatvarray index, evaluates to he 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, evaluatgs to the
value of the variable prior to the decrement operation

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

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

x takes on integer values’starting from y to z, inclusive, with x, y, and z being integer pumbers
and z being greater'than y

%' x>=0

Abs(x) = { (1)

-x ; x<0

Asinfx) trigonometric inverse sine function, operating on an argument x that is in the range of -1.0
tok0, inclusive, with an output value in the range of -m+2 to m+2, inclusive, in units of radians (2)

Afan( x J trigonometric Inverse tangent function, operating on an argument X, with an output value
in the range of -m+2 to m+2, inclusive, in units of radians 3)

© ISO/IEC 2021 - All rights reserved 11


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

ISO/IEC 23002-7:2021(E)

Atan( y ) ; x>0
X
y
Atan| = {Hmn
(xj ;0 x<0&&y>=0
Atan2(y,x) = (4)
At;m(x\—‘rr ; x<08&&y<0
\x )
LT
2 ; x==0&&y>=0
T ; otherwise
2
Ceil( x ) smallest integer greater than or equal to x E))
X Z<X
ClipB(x,y,z)=1y ; z>y G)
z ; otherwise
Cos(|x ) trigonometric cosine function operating on an argumefityx in units of radians (7
Floopr( x ) largest integer less than or equal to x €)]

Ln( ¥ ) natural logarithm of x (the base-e logarithni, where e is the natural logarithm base constarjt

2.71B 281 828..) €))
X ; X>=y
Max[ x,y ) = (19)
y 5 X<Yy
Round( x ) = Sign(x ) * Floor( Abs(x) + 0.5) 11
1 ; x>0
Sign[x)=<0 ; x==0 17
-1 ~ \x<0
Sin([x ) trigonofetric sine function operating on an argument x in units of radians (13)
Sqrt{ x )square root of x (14
Tan( x ) trigonometric tangent function operating on an argument x in units of radians (15)

5.9 Order of operation precedence

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

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

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

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

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

operations (with operands x, y, and z)

i "y "
T

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

XY

X
"xFyn"x y" "x sy ;","x%y"

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

i=x

"X<<y, X>>y"

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

"X::y’ X!:y"

"X & yn
llX | yn
llX && yll

llX | | yll
"x?y:z'

"X..y"

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

5.10 Variables, syntax elements-and tables

Syntax elements in the syntaxitables are represented in bold type. Each syntax element is described by
its name (all lower case letters with underscore characters), and one descriptor for its method pf coded
representation. The dec@ding process behaves according to the value of the syntax element and to the
values of previously degoded syntax elements. When a value of a syntax element is used in thg syntax
thbles or the text, it@ppears in regular (i.e., not bold) type.

Ih some cases the)syntax tables and semantics use the values of other variables derived from tHe values
df syntax elemyents. Such variables appear in the syntax tables, or text, named by a mixture of lojver case
and upper case letter and without any underscore characters. Variables starting with an upper case
letter are-derived for the decoding of the current syntax structure and all depending syntax strjuctures.
Varidbles starting with an upper case letter could, in some cases, be used in the decoding process for
latep syntax structures without mentioning the originating syntax structure of the variable. Variables
starting with a lower case letter are only used within the subclause 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-djmensional array is referred to as a list. A two-dimensional array is referred to as a matri}t
Arrays ¢an either be syntax elements or variables. Subscripts or square parentheses are used for t
indexing of arrays. In reference to a visual depiction of a matrix, the first subscript is used 43’a royw
(vertical) index and the second subscript is used as a column (horizontal) index. The indeking ordgr
is reverged when using square parentheses rather than subscripts for indexing. Thus, an’¢lement of
matrix g at horizontal position x and vertical position y could be denoted either as s[ x |[[\y’] or as s
single c¢lumn of a matrix could be referred to as a list and denoted by omission of the row index. '[yhu ,
the column of a matrix s at horizontal position x could be referred to as the list s[ x7,

= 0

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

N

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

r"‘

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

- — 0

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

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

5.11 Text description oflogical operations

In the teit, a statementeflogical operations as would be described mathematically in the following fornj:

if( condition 0 )
statement 0

else if( dondition 1)
statement. I

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 U

¢lse if( condition 1a || condition 1b)
statement 1

dlse
statementn

—

b typically described in the following manner:

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

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

— condition Ob

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

— condition 1b

—  Otherwise, statement n

]

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

—

( condition 0 )
statement 0
( condition 1)
statement 1

—e

—

5 typically described in the following manner:
When condition 0, statement 0

Wihien condition 1, statement 1

.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 peeessary-elermen o-erable-the-use-ofthespecited YV H parametersand-SEHmessases:

Technical specifications that reference this document for carrying VUI parameters syntax structure
shall sp¢cify a container to carry the data of the VUI parameters syntax structure and to identify thie
length in bits of the VUI parameters syntax structure, e.g., the vui_payload( ) syntax strucure'specified
in Rec. ITU-T H.266 | ISO/IEC 23090-3. The design of the container needs to provide the ability to deteq
the nunjber of bits in the vui_parameters( ) syntax structure and to allow the number of bits to be
increasdd in future editions of this document, thus enabling this document to provide-extensibility bj
directly|appending additional syntax elements to the end of the vui_parameters(() syntax structure i
future efitions of this document. The syntax of the container of the vui_parametérs( ) syntax structurje
is outside the scope of this document.

[

Technical specifications that reference this document for carrying SEI messages shall specify a way tp
carry the payload syntax of each specified SEI message, to identify which SEI message is conveyed, anfd
to ident|fy the length in bits of the SEI message syntax structuresthe sei_payload( ) syntax structure
specifieql in Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T H¢265 | ISO/IEC 23008-2. The design of
the contpiner needs to provide the ability to detect the numbeérof bits in an SEI message and to allo
the numpber of bits to be increased in future editions of this document, thus enabling this document tp
provide |extensibility by directly appending additional syiftax elements to the end of the SEI message
syntax dtructure in future editions of this document. The'syntax of the container of the SEI messages as
well as the method of identifying which SEI message:is‘outside the scope of this document.

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

For the YUI parameters and most.efithe SEI messages specified in this edition of this document (othgr
than thd filler payload, user data régistered, user data unregistered, and reserved SEI messages), the
values df PayloadBits and payloadSize are not used for the parsing of the syntax. However, in somge
future edition of this documaent, the value of PayloadBits or payloadSize could be used as part of thie
syntax gpecification for(these syntax structures, for example to identify whether payload extensio
data is present in the VU] parameters or in an SEI message syntax structure that was not specified in a
earlier gdition of this‘document.

The syntax speeification in Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-p
establishes,cunder some circumstances, a certain pattern of bits that is used for detecting the value of
PayloadBifs, It is expected that future editions of this document will be written to ensure that suc
future editionmrs wittbecompatible wi cpatte OT EXtension data that s specified ose 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

other subclauses.

his subclause lists examples of the syntax specification format. When syntax_element ap

directly,

pears, it

specifies that a syntax element is parsed from the VUI parameters syntax or an SEI'message syntax
nd the data pointer is advanced to the next position beyond the syntax elementdn the syntax parsing
drocess.
Descriptor
* A statement can be a syntax element with an associated descriptor orcan’be an expres-
ion used to specify conditions for the existence, type and quantityofsyntax elements,
is in the following two examples */
syntax_element ug(v)
fonditioning statement
* A group of statements enclosed in curly brackets\s a compound statement and is
freated functionally as a single statement. */
statement
statement
]
4
* A "while" structure specifies a test of whether a condition is true, and if true, specifies
bvaluation of a statement(or compound statement) repeatedly until the condition is no
longer true */
while( conditiond
statement
* A "deo="while" structure specifies evaluation of a statement once, followed by a test
pf whether a condition is true, and if true, specifies repeated evaluation of the 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
© ISO/IEC 2021 - All rights reserved 17
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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 Sy

The fun
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Videowsability information parameters

jecification of syntax functions and descriptors

Ctions presented in this subclause are used in the syntactical description. These functions an
ed in terms of the value of the VUI parameters syntax or an SEI message syntaX'data pointe
cates the position of the next bit to be read by the decoding process from the syntax structurg.

= O

[

s( n ) reads the next n bits from the syntax structure and advances the(data pointer by n b
5. When n is equal to 0, read_bits( n) is specified to return a value equal to’0 and to not advand
pointer.

[¢)

wing descriptors specify the parsing process of each syntax element:

: byte having any pattern of bit string (8 bits). The parsing procCess for this descriptor is specifiefd
he return value of the function read_bits( 8 ).

fixed-pattern bit string using n bits written (from leftto right) with the left bit first. The parsing
ress for this descriptor is specified by the return value of the function read_bits( n).

signed integer using n bits. When n is "v" inithe syntax table, the number of bits varies in
ner dependent on the value of other syntax‘elements. The parsing process for this descriptd
pecified by the return value of the function read_bits( n ) interpreted as a two's complemer
oer representation with most significantbit written first.

— =

): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsinlg
ress for this descriptor is specified in Clause 9 with the order k equal to 0.

n_n

: unsigned integer using ' bits. When n is "v" in the syntax table, the number of bits varies in
ner dependent on the value of other syntax elements. The parsing process for this descriptor i
rified by the return value of the function read_bits( n ) interpreted as a binary representation gf
nsigned integer with most significant bit written first.

[

): unsigned jnteger 0-th order Exp-Golomb-coded syntax element with the left bit first. Thie
ing process.for this descriptor is specified in Clause 9 with the order k equal to 0.

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 external means that controls the interpretation.

18
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7.2 VUI parameters syntax

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(fl)
vui_aspect_ratio_idc u(B)
if( vui_aspect_ratio_idc ==255) {
vui_sar_width u(16)
vui_sar_height u(16)
}
}
vui_overscan_info_present_flag u(fl)
if( vui_overscan_info_present_flag )
vui_overscan_appropriate_flag u(fl)
vui_colour_description_present_flag u(fl)
if( vui_colour_description_present_flag ) {
vui_colour_primaries u(B)
vui_transfer_characteristics u(B)
vui_matrix_coeffs u(B)
vui_full_range_flag u((l)
}
vui_chroma_loc_info_present_flag u(fl)

if( vui_chroma_loc_infoSpresent_flag) {

if( vui_progressive_source_flag && !vui_interlaced_source_flag)

vui_chroma_sample_loc_type_frame ue(v)
else {

viti ,chroma_sample_loc_type_top_field ue(v)

vui_chroma_sample_loc_type_bottom_field ue(v)

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 associated 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://standardsiso.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

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

vui_progressive_source_flag and vui_interlaced_source_flag are interpreted as follows:

— If vyi_progressive_source_flag is equal to 1 and vui_interlaced_source_flag {séqual to 0, the sourde
scarn type of the pictures should be interpreted as progressive only.

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

— Othgrwise, if vui_progressive_source_flag is equal to 0 and vuj.interlaced_source_flag is equal to
the pource scan type of the pictures should be interpreted-astunknown or unspecified or specifie
by gxternal means not specified in this document.

(SIS

— Othgrwise (vui_progressive_source_flag is equal to(t-and vui_interlaced_source_flag is equal t
1), the source scan type of each picture is indicated at the picture level using the syntax elemer
ffi_dource_scan_type in a frame-field informatign SEI message.

— O

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

vui_non_projected_constraint_flag.equal to 1 specifies that there shall not be any equirectangula
projectipn SEI messages or generatized cubemap projection SEI messages present in the bitstream thg
apply to|the CLVS. vui_non_projécted_constraint_flag equal to 0 does not impose such a constraint.

=+ =

vui_asplect_ratio_info_present_flag equal to 1 specifies that vui_aspect_ratio_idc is present. vuj_
aspect_tatio_info_present-flag equal to 0 specifies that vui_aspect_ratio_idc is not present.

vui_asplect_ratio_constant_flag equal to 1 specifies that the values of vui_aspect_ratio_idc, SarWidth,
and SarHeight apply to all pictures in the CLVS and there is no SARI SEI message present in the CLV$.

SARI SEbmressages—Whenthevti—aspee . g ax—etener
of vui_aspect_ ratlo constant flag is mferred 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 $ARI SEI
message.

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

==

ui_overscan_appropriate_flag equal to 1 indicates that the cropped decoded pictures ouftput are
uitable for display using overscan. vui_overscan_appropriate_flag equalto.0’indicates that thecropped
ecoded pictures output contain visually important information in the €ntire region out to theljedges of
he conformance cropping window of the picture, such that the cropped’decoded pictures outpyt should
ot be displayed using overscan. Instead, they should be displayed‘using either an exact match between
he display area and the conformance cropping window, or usinginderscan. As used in this pafagraph,
he term "overscan” refers to display processes in which sofire parts near the borders of the [cropped
ecoded pictures are not visible in the display area. The term "underscan” describes display pfocesses
h which the entire cropped decoded pictures are visible in the display area, but they do not dover the
ntire display area. For display processes that neitherruse overscan nor underscan, the display area
xactly matches the area of the cropped decoded pictures.

Q@ O = Qo c o 5 & Qo n <

=z

OTE1 For example, vui_overscan_appropriate-flag equal to 1 could be used for entertainment flelevision
rogramming or for a live view of people in a:videoconference, and vui_overscan_appropriate_flag egual to 0
puld be used for computer screen capture or security camera content.

[ole]

ui_colour_description_present_flag-equal to 1 specifies that vui_colour_primaries, vui_fransfer_
haracteristics, and vui_matrix_coeffs are present. vui_colour_description_present_flag gqual to
specifies that vui_colour_primaries, vui_transfer_characteristics, and vui_matrix_coeffs |are not
resent.

b oo <

ui_colour_primaries indicates the chromaticity coordinates of the source colour primdries. Its
emantics are as specified for the ColourPrimaries parameter in Rec. ITU-T H.273 | ISO/IEC £3091-2.
Vhen the vui_colotryprimaries syntax element is not present, the value of vui_colour_prinparies is
hferred to be equal to 2 (the chromaticity is unknown or unspecified or determined by othgr means
ot specified jn'this document). Values of vui_colour_primaries that are identified as reserved for future
se in Rec. FEU-T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams conforming to thi$ edition
f this document. Decoders shall interpret reserved values of vui_colour_primaries as equivalent to the
alue 2.

< 0 C 30 = =0 <

Vuitransfer_characteristics indicates the transfer characteristics function of the| colour
representation. Its Semantics are as specitied for the lranstercharacteristics 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,
— BitDepth, is equal to BitDepthy + 1 and ChromaFormatldc is equal to 3 (the 4:4:4 chroma férmat).

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

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

vui_fulll range_flag indicates the scaling and offset values applied (in' association with the
matrix |coefficients. Its semantics are as specified for the VideoFullRangeFlag parameter ip
Rec. ITU-T H.273 | ISO/IEC 23091-2. When not present, the value of vui full_range_flag is inferred to b
equal to|0.

vui_chrpma_loc_info_present_flag equal to 1 specifies that\either vui_chroma_sample_loc_typg
frame of both vui_chroma_sample_loc_type_top_field and yuizchroma_sample_loc_type_bottom_fiel
are pregdent. vui_chroma_loc_info_present_flag equal to 0 specifies that vui_chroma_sample_loc_type
frame, Vui_chroma_sample_loc_type_top_field, and vui.ehtoma_sample_loc_type_bottom_field are nd
present.

=

|

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

vui_chrpma_sample_loc_type_frame, vui.chroma_sample_loc_type_top_field, and vui_chroma_
sample]loc_type_bottom_field, when présent, specify the location of chroma samples as follows:

— If GeneralProgressiveSourceFlag is equal to 1, GenerallnterlacedSourceFlag is equal to 0, and
ChrpmaFormatldcis equal to 1(4:2:0 chroma format), vui_chroma_sample_loc_type_frame specifig
the |ocation of chroma samplesfor both fields of each frame of the CLVS as shown in Figure 1.

[72)

— Otherwise, if ChromaFermatldc is equal to 1 (4:2:0 chroma format), vui_chroma_sample_loc_typ4d
topfield and vui_chremd_sample_loc_type_bottom_field specify the location of chroma samples fqg
eaclh top field and bottom field of the CLVS, respectively, as shown in Figure 1.

—

— Otherwise (ChremaFormatldc is not equal to 1), the values of the syntax elements chroma_samplg
loc_type, vuivchroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_fiel
shall be ignored.

jomy]
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[Juma samples:

>< top field D bottom field

(hroma samples, where filled symbols indicate a bottom field sample type and empty symbols indicate 3
spmple type:

O type 0 v type 1

O typel O type 3

<> type 4 A type 5

Figure 1 — Location of chroma samples for top and bottom fields for ChromaFormatldg

tot (4-.2.6 chromafor ludt) asafunctiomofvui—chr Ullld_bdlllpie_lUL_ty pc_iup_ficld I
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

top field

equal
vui_

chroma

samples are co-sited with the corresponding luma samples and the nominal locations in a picture are as

shown in Figure 2.
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Figure 2 — Nominal vertical and horizontal locations of 4:2:2 luma and

hromaFormatlde-is equal to 3 (4:4:4 chroma format), the nominal positions of the chrom|
are such that-all array samples are co-sited for all cases of pictures and the nominal location|

chroma samples in a picture

ire are assshown 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
When ChromaEosmatldc is equal to 0, there is no chroma sample array.

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

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

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.

Figure
chiroma format) and Chroma420LocType is equal to 0 to 5, inclusive, from left to/ right

The relative spatial positioning of the chroma samples, as illustrated in Figure 5, canbe expressed b

defining
variable
of the cd

luma samples and VerticalOffsetC is the vertical (y) position of the centrg afthe top-left chroma sample

relative

In a typjcal FIR filter design, when ChromaFormatldc is equal ta\1) (4:2:0 chroma format) or 2 (4:2:p

chroma
horizonf
format t

Figure

c [

________ . ———— 9 —

oM

4 — Location of the top-left chroma sample when ChromaFormatldc is equal t6\1(4:2:0

two variables HorizontalOffsetC and VerticalOffsetC as a function of ChromaFormatldc and t
Chroma420LocType as given by Table 3, where HorizontalOffsetC is the.Horizontal (x) positiop
ntre of the top-left chroma sample relative to the centre of the top-left luma sample in units qf

to the centre of the top-left luma sample in units of luma samples:

format), HorizontalOffsetC and VerticalOffsetC would<serve as the phase offsets for thee
al and vertical filter operations, respectively, for separable downsampling from 4:4:4 chromja

p the chroma format indicated by ChromaFormatlde.
HorizontalOffsetC
X
2,

&)
- [E—— [ —
2 .
S = ° |
8 .
£ — .
g | |

1

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

Table 3|— Definition of HorizontalOffsetC and VerticalOffsetC as a function of ChromaFormatldic
and Chroma420LocType
ChromaFormatldc Chroma4?20LacType | 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
(lause 8 specifies the syntax and semantics for SEI messages.
Hor SEI messages for which the specified syntax structure is empty, such as the depehdent{random
dccess point SEI message, the mere indication that the SEI message is present (e.g., as‘indicated by a
fdayload type indicator) is sufficient to convey the associated information (e.g., by~indicating that a set
df specified constraints are fulfilled).
The semantics and persistence scope for each SEI message are specified imthé€ semantics specification
fpr each particular SEI message.
NOTE Persistence information for SEI messages is summarized in Table-4.
Table 4 — Persistence scope of SEl-messages
SEl message Persistence scope
Filler payload The PU containing the SEI message
User data registered by Rec. ITU-T T.35 Unspecified
User data unregistered Unspecified
Film grain characteristics Specified by the syntax of the SEl message
Frame packing arrangement Specified by the syntax of the SEI message
Referenced parameter sets The CLVS containing the SEI message
Decoded picture hash The PU containing the SEI message
Mastering display colour volume The CLVS containing the SEI message
Content light level information The CLVS containing the SEI message
DRAP indication The PU containing the SEI message
Alternative transfercharacteristics The CLVS containing the SEI message
Ambient viewinglenvironment The CLVS containing the SEI message
Content\colour volume Specified by the syntax of the SEI message
Equiréetangular projection Specified by the syntax of the SEI message
Genetalized cubemap projection Specified by the syntax of the SEI message
Sphere rotation Specified by the syntax of the SEI message
Region-wise packing Specified by the syntax of the SEI message
OmmidiTectionat viewport Specified by the symtaxof the SEfmessage
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 mightonlybestitablefor-useineontextsinwhich—eolisions—efusage{fiedifferentdefinitions
of the syntax and semantics of an SEI message with one of these IDs having the same value in the-firgt
set of value ranges) are unimportant, or not possible, or are managed - e.g., defined or mandged ip
the controlling application or transport specification, or by controlling the environment, iniwhich

bitstreams are distributed.
8.2 Filler payload SEI message

8.2.1 Filler payload SEI message syntax

filler_pgyload( payloadSize ) { Descriptor
for( k = 0; k < payloadSize; k++)
ff_ byte /* equal to OxFF */ f(8)
}

8.2.2 Filler payload SEI message semantics

This SEllmessage contains a series of payloadSize bytes,of value 0xFF, which can be discarded.

ff_byte shall be a byte having the value OxFF.
8.3 User data registered by Recommendation ITU-T T.35 SEI message

8.3.1 ser data registered by Recommendation ITU-T T.35 SEI message syntax

user_data_registered_itu_t_t35( payloadSize ) {

Descriptor

itu/t_t35_country_code

b(8)

if( jtu_t_t35_country.code != 0xFF)

i=1

else {

itu=t’t35_country_code_extension_byte

b(8)

1'=12

¥

do {

b(8)

itu_t_t35_payload_byte

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 1tu_t_t35_payload_byte data shall' be dat

terminal provider code.
8.4 User data unregistered SEI message

8.4.1 User data unregistered SEI message syntax

h having

syntax and semantics as specified by the entity identified by the Rec ITU-T T.35 country dgode and

iser_data_unregistered( payloadSize ) { Descriptor
uuid_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

—

his SEI message contains unregistered user data identified by a universal unique identifier
he contents of which are not specified in this;document.

—

yuid_iso_iec_11578 shall have a value specified as a UUID according to the proced
5O/IEC 11578:1996, Annex A.

]

[

ser_data_payload_byte shall be a'byte containing data having syntax and semantics as spe
he UUID generator.

—

8.5 Film grain characteristics SEI message

§.5.1 Film graincharacteristics SEI message syntax

(UUID),

ures of

rified by

ilm_grain_characteristics( payloadSize ) { Descriptor
fg_characteristics_cancel_flag u(l)
if(.Mfg_characteristics_cancel_flag) {
fg_model_id u(2)
fg_separate_colour_description_present_filag 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)
for(i=0;i<=fg_num_intensity_intervals_minus1[ c ]; i++ ) {
fg_intensity_interval_lower_bound[ c][i] u(8)
fg_intensity_interval_upper_bound[c][i] u(8)
for(j = 0; j <= fg_num_model_values_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 SEllmessage provides the decoder with a parameterized model for film grain synthesis.
NOTE 1 | Forexample, an encoder could use the film grajieharacteristics SEl message to characterize film grain
that was|present in the original source video material.ahd was removed by pre-processing filtering techniques.
Synthesi} of simulated film grain on the decoded images for the display process is optional and does not need tjo
exactly follow the specified semantics of the filmgrain characteristics SEI message. When synthesis of simulated
film graih on the decoded images for the display process is performed, there is no requirement that the method
by which|the synthesis is performed be the same as the parameterized model for the film grain as provided in the
film graip characteristics SEI message.
NOTE 2 | The display process is not,specified in this document.
NOTE 3 | SMPTE RDD 5 specifies’ a film grain simulator based on the information provided in the film grain
characteristics SEI message.
Use of this SEI message requires the definition of the following variables:
— Api¢turewidthandpictureheightinunitsoflumasamples,denotedhereinbyPicWidthInLumaSamplées
and|PicHeightInLumaSamples, respectively.
— When~ the syntax element fg_separate_colour_description_present_flag of the film graip
chatacteristics SEI messageis nqnn] to 0 the Fn”nmring 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

30
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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
My previous film grain ISt m imoutpu pit urrgnt layer.
b_characteristics_cancel_flag equal to 0 indicates that film grain modelling information follows.

b—

—

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

| s Bl i 72 B

Table 5 — fg_model_id values

Value Description
0 Frequency filtering
1 Auto-regression

b_separate_colour_description_present_flag equal to £indicates that a distinct combination of luma
it depth, chroma bit depth, video full range flag, colourprimaries, transfer characteristics, anl matrix
oefficients for the film grain characteristics specifiedin the SEI message is present in the film grain
haracteristics SEI message syntax. fg_separate_c@lour_description_present_flag equal to 0 indicates
hat the combination of luma bit depth, chroma"bit depth, video full range flag, colour piimaries,
ransfer characteristics, and matrix coefficients for the film grain characteristics specified in the SEI
nessage are the same as indicated in VUI parameters for the CLVS.

fon T o i S 0 W 0 O i

OTE5 When fg_separate_colour_description_present_flag is equal to 1, any of the luma bit depth, cliroma bit
epth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients specifigd for the
Im grain characteristics specified in the SEI message could differ from that for the pictures in the CLV§.

ooz

Vhen VUI parameters are net\present for the CLVS or the value of vui_colour_description_pregent_flag
5 equal to 0, and equivalént information to that conveyed when vui_colour_description_pregent_flag
b equal to 1 is not conveyed by external means, fg_separate_colour_description_present_flag|shall be
qual to 1.

D = = e

he decoded image’l..,qeq Used in the equations in this subclause is in the same colour represgntation
omain as thesimulated film grain signal. Therefore, when any of these parameters does differ from
hat for the pictures in CLVS, the decoded image I, ,qeq Used in the equations in this subclauge would
e in a_different colour reporesentation domain than that for the pictures in the CLVS. For ¢xample,
hen the value of fg_bit_depth_luma_minus8 + 8 is greater than BitDepthy (i.e., the bit depth of the
1ma component of the plctures in the CLVS), the bit depth Of Ijecoged Used in the equationf in this
ding to
an actual decoded plcture would be generated by convertlng the actual decoded plcture 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.

W — < oo O =

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 valye-of fsBltDcpth[ \,] fore=and2tsdertvedastoHows:

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

— fg_fpll_range_flag specifies the video full range flag of the film grain characteristies specified in thie
SEI message, 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 gf
fg_fhll_range_flag is inferred to be equal to vui_full_range_flag.

fg_coloyr_primaries has the same semantics as specified in subclause %3 for the vui_colour_primaries
syntax dlement, except as follows:

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

— When fg_colour_primaries is not present in the film‘grain characteristics SEI message, the value gf
fg_cplour_primaries is inferred to be equal to vuiz€olour_primaries.

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

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

[72)

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

fg_matnix_coeffs has the same semantics as specified in subclause 7.3 for the vui_matrix_coeffs synta|
element| except as follows:

>

— fg_matrix_coeffséspecifies the matrix coefficients of the film grain characteristics specified in thie
SEI messagesTather than the matrix coefficients used for the CLVS.

— When fg \imatrix_coeffs is not present in the film grain characteristics SEI message, the value af
fg_matkix_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][y 1)

- Otherwise (fg_blending_mode_id is equal to 1), the blending mode is multiplicative-as’spec

Igrain[ ¢ ][ X][ Y] = Clip3( 0, ( 1 << ngitDepth[ C] ) -1, Idecoded[ C ][ X][ Y] +
Round( (lgecodeal €1[x1[y1* Glc][x][y]) + ((1 << fgBitDepth[c]}=1)))

Uhere [j..04eql € ][ X ][ y ] represents the sample value at coordinates x,470f the colour compo
he decoded image I3, .o40q- GL € ][ X ][ ¥ ] is the simulated film grain value\at the same position an
omponent, and fgBitDepth[ ¢ ] is the number of bits used for eaclisample in a fixed-length
inary representation of the arrays lgrain[ Cl[xI[Y ) ljecodeal I %Iy ], and G[ c ][ x ][ ¥ ], wherg
= 0..PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples - 1.

o qQ o <

fg_log2_scale_factor specifies a scale factor used in the filin/grain characterization equations.

fg_comp_model_present_flag[ c ] equal to 0 indicates.that film grain is not modelled on the c-t
mponent, where c equal to 0 refers to the luma component, c equal to 1 refers to the Cb con
nd c equal to 2 refers to the Cr component. fg.comp_model_present_flag[ c | equal to 1 i
that syntax elements specifying modelling of film grain on colour component c are present ir
essage.

hen fg_separate_colour_description_ptesent_flag is equal to 0 and ChromaFormatldc is eq
the value of fg_comp_model_presentcflag[1 ] and fg_comp_model_present_flag[2 | shall be equs

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

OTE6  The intensity intervals could overlap in order to simulate multi-generational film grain.

fg_num_model_values_ minus1| c | plus 1 specifies the number of model values present
intensity intervalin which the film grain has been modelled. The value of fg_num_model
inus1[ c ] shall be in the range of 0 to 5, inclusive.

_intensity interval_lower_bound| c ][ i ] specifies the lower bound of the i-th intensity int
hich the.set of model values applies.

Antensity_interval_upper_bound| c ][ i ] specifies the upper bound of the i-th intensity int

(18)

ified by:
(19)

hent c of
d colour
nsigned

c=0..2,

h colour
\ponent,
ndicates

the SEI

ual to O,

Ito 0.

which a

for each

| values_

brval for

brval for

wvhich the set of madel values applies

The variable intensityIntervalldx[ c ][ x ][ y ][ j ] represents the j-th index to the list of intensity i
selected for the sample value Iy gqeql €[ X ][ ¥ ] for ¢ = 0..2, x = 0..PicWidthInLumaSamples -

ntervals
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_model_id is equal to 0, the following applies:

— The top-left sample location ( xB, yB ) of the current 8x8 block b that contains the sample value
lgecodedl € 1[x ][y ] is derived as (xB,yB) =(x /8,y /8).

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

sum8x8 =0
for(i=0;i<8;i++)
for(j=0;j<8;j++)
DbllllUAU = ld OdedlLJlAU*STi][yB.*STJ'] ] (ZL
b,yg = Clip3( 0, 255, (sum8x8 + (1 << (fgBitDepth[c]-3))) >> (fgBitDepth[c]-2))

-

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

for(f=0,j=0;i <= fg_num_intensity_intervals_minus1[ c ]; i++)
if( b,,, >= fg_intensity_interval_lower_bound[c][i] &&

a‘f)gav <= fg_intensity_interval_upper_bound[c][i]) {
intensitylntervalldx[ c|[x ][y 1[j] =1 21)
j++

numApplicablelntensityIntervals[c][x][y] =]

— Othprwise (fg_model_id is equal to 1), the value of intensitylnteryaldx[ c ][ x ][ y ][ j ] is derived als
follgws:

e[ [l x 1y ] = (fgBitDepth[ c] == 8)? (Igecoueal IX1[¥1:

Clip3( 0, 255, (Igecogeal ][ x1[y 1+ (1 << (fgBitDepth[€P-9))) >> ( fgBitDepth[c]-8))

for(f=0,j=0;i <= fg_num_intensity_intervals_minus1[.c]J5d++)

if{ Ig[c][x][y] >= fg_intensity_interval_lower_boundfc][i] && (22)
Ig[c][x][y] <= fg_intensity_interval_upper_bound[c][i]) {

intensitylntervalldx[ c][x][v][j] =i

j++

}

numApplicablelntensityIntervals[ ¢ ][ x [[.yd=]

Sampleg that do not fall into any of,the defined intervals (i.e., those samples for which the value ¢
numApplicablelntensityIntervals[-&}{ x ][ y | is equal to 0) are not modified by the grain generatio
function). Samples that fall inte~more than one interval (i.e., those samples for which the value d
numApplicablelntensitylntervals{ c ][ x ][ y ] is greater than 1) will originate multi-generation grain.
Multi-generation grain resultsfrom adding the grain computed independently for each of the applicabite
intensity intervals.

—_. =

In the equations in_the-remainder of this subclause, the variable s; in each instance of the list fg_compg_
model_vllue[ c ] S |"is the value of intensityIntervalldx[ c ][ x ][] y ][ j ] derived for the sample val

Idecoded[ ][ ][ y ]

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:

Glcl[x][y]=(fg_comp_model_value| c ][s 1M01*Q[c][x][y]+ fg_comp_model_value[ c][ s ][5]*
G[c-1][x][y])>>fg_log2_scale_ factor (23)

pendent
3 nd 1dent1cally dlstrlbuted Gau551an random Varlable samples w1th Zero mean and unlty variapce) and
where the value of an element G[ ¢ - 1 ][ x ][ y ] used in the right-hand side of the equationisiinferred to
he equal to 0 when c - 1 is less than 0.

NOTE7 A normalized Gaussian random variable can be generated from two independent, yniformly
distributed random values over the interval from 0 to 1 (and not equal to 0), denoted as@Rv, and uRvy, psing the
Hox-Muller transformation specified by:

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

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

<

—

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

for(y=0;y < 16; y++)
for(x=0;x < 16; x++)
if( (x < fg_comp_model_value[ c][ sj][3 ] && yi& fg_comp_model_value[ c][sj][4]) | |
x > fg_comp_model_value[ c ][ sj][1]] | ¥>"fg_comp_model_value[ c][sj][2]) (25)
gaussRv[x][y]=0
filteredRv = IDCT16x16( gaussRv )

where IDCT16x16( z ) refers to a unitary inverse discrete cosine transformation (IDCT) operating on a
6x16 matrix argument z as specifiedby:

—

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

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

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

(%)

r. . 27
L) 4 32 (27)

where miSs Archimedes' constant 3.141 592 653 589 793....

Q[ cA.is formed by the frequency-filtered blocks filteredRv.

NOTE-8—Cuded mudet vatuesare basedom btocks of sitze-16x16; butadecoder imptenmrentationcoutd-ise 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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Glc][x][y]=(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 ] * (28)
(((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 1[ ¢ ][ x ][ y ] is a random value with normalized Gaussian distribution (independent)an
identically distributed Gaussian random variable samples with zero mean and unity variance for’eac
value of]c, X, and y) and the value of an element G[ c ][ x ][ y ] used in the right-hand side of thé equatio
is inferrpd to be equal to 0 when any of the following conditions are true:

> =

—

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

fg_comp _model_value[ c ][ i ][ O ] provides the first model value for the model as specified by fg_mode]_
id. fg_comp_model_value[ c][1][ O ] corresponds to the standard devijation of the Gaussian noise term ip
the gendration functions specified in Formulae 23 through 28.

fg_comp model_value[ c ][ i ][1 ] provides the second model-value for the model as specified by fg
model_if. When fg_model_id is equal to 0, f{g_comp_modelvalue[ c ][ i ][1 ] shall be greater than g
equal to[0 and less than 16.

=

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

— Iffgl model_id is equal to 0, fg_comp_modelivalue[ c ][ i][1 ] is inferred to be equal to 8.
— Othgrwise (fg_model_id is equal to 1},fg_comp_model_value[ c ][ i][1 ] is inferred to be equal to 0,

fg_comp model_value[ c][i][1]is interpreted as follows:

(s

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

—

— Otherwise (fg_model.id"is equal to 1), fg_comp_model _value[ c ][ i ][1 ] indicates the first ordg
spatial correlationfor'neighbouring samples (x-1,y)and (x,y-1).

fg_comp model_value[ c ][i][2 ] provides the third model value for the model as specified by fg_mode
id. When fg_model id is equal to 0, fg_comp_model_value[ c ][ i ][2 ] shall be greater than or equal to
and less|than\16.

[ =N

When npt-present in the film grain characteristics SEI message, fg comp model value[ c [[i ][2 ] is
inferred as follows:

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

— Otherwise (fg_model_id is equal to 1), f{g_comp_model_value[ c ][ i ][2 ] is inferred to be equal to 0.
fg_comp_model_value[ c][i][2 ] is interpreted as follows:

— Iffg_model_id is equal to 0, fg_comp_model_value[ c ][ i][2 ] indicates the vertical high cut frequency
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 [[T][3 ] Is Interpreted as follows:

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

+ Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][3 ] indicates the first order
spatial correlation for neighbouring samples (x-1,y-1)and (x+ 1,y - L)

fg_comp_model_value[ c ][ i ][4 ] provides the fifth model value for the model ds specified by fg_model_
ifl. When fg_model_id is equal to 0, f{g_comp_model_value[ c ][ i ][4 ] shallkbe greater than or equal to 0
and less than or equal to fg_comp_model_value[ c][i][2].

When not present in the film grain characteristics SEI message, f§_comp_model_value[ c ][ ][4 ] is
ipferred to be equal to fg_model_id.

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

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

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

—-

b_comp_model_value[ c][i][5 ] providesthe sixth model value for the model as specified by fg_model_id.

=

Vhen not present in the film grain‘¢haracteristics SEI message, fg_comp_model_value[ c ][ | ][5 ] is
hferred to be equal to 0.

—n

—-

b_comp_model_value[ c ][ iJf5] is interpreted as follows:

+ Iffg_model_id is equalto 0, fg_comp_model_value[ c][i][5 ] indicates the colour correlation petween
consecutive colpur.components.

+ Otherwise ffg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][5 ] indicates the second order
spatial cefrelation for neighbouring samples (x,y-2)and (x- 2,y ).

fg_charagteristics_persistence_flag specifies the persistence of the film grain characterigtics SEI
messagefor the current layer.

fg Ceharacteristics_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_quincunx_sampling_flag u(19
fp_content_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 !=5 ){
fp_frameO_grid_position_x u(4)
fp_frameO_grid_position_y u(4)
fp_framel_grid_position_x u(4)
fp_framel_grid_position_y u(4)
}
fp_arrangement_reserved_byte u(8)
fp_arrangement_persistence_flag u(1)
}
fp_tipsampled_aspect_ratio_flag u(1)

}

8.6.2 Frame packing arrangement SEI message semantics

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

This SEI age ma associated with pi ata a a ,
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

38 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23002-7:2021(E)

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 cropped*decoded
dicture contains all samples (when ffi_field_pic_flag is equal to 0) or the samples corregponding to the
tpp or bottom field (when ffi_field_pic_flag is equal to 1) of the samples of a frame packing arrangement
sftructure.

Table 7 — Definition of fp_arrangement_type

Value Interpretation

3 The frame packing arrangement structure contains a side-by-side packing arrangement of corre§ponding
planes of two constituent frames as illustrated in Figure 6, Figufe.7’and Figure 10.

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

5 The component planes of the output cropped decodedpi¢tures in output order form a tempofal inter-
leaving of alternating first and second constituent fraies as illustrated in Figure 11.

=z

OTE1 Figure 6 to Figure 10 provide typical examples of rearrangement and upconversion procgssing for
rious packing arrangement schemes. Actual characteristics of the constituent frames are signalled|in detail
y the subsequent syntax elements of the frame packing arrangement SEI message. In Figure 6 to Figyre 10, an
pconversion processing is performed on each conistituent frame to produce frames having the same rgsolution
als that of the decoded frame. An example of the upsampling method to be applied to a quincunx sampled|frame as
shown in Figure 10 is to fill in missing positions with an average of the available spatially neighbouring samples
(the average of the values of the available;samples above, below, to the left and to the right of each sanjple to be
nerated). The actual upconversion précess to be performed, if any, is outside the scope of this documgnt.

o<

OTE2  When the output time-of the samples of constituent frame 0 differs from the output tirhe of the
spmples of constituent frame le(ive., when fp_field_views_flag is equal to 1 or fp_arrangement_type is equal to 5)
and the display system in usé presents two views simultaneously, the display time for constituent frame 0 could
he delayed to coincide with the display time for constituent frame 1. (The display process is not specifipd in this
document.)

OTE3  When fpfield_views_flagis equal to 1 or fp_arrangement_type is equal to 5, the value 0 for fixed_pic
rpte_within_cvsflag is not expected to be prevalent in industry use of this SEI message.

OTE4 _pXarrangement_type equal to 5 describes a temporal interleaving process of different viewsg.

All other values of fp_arrangement_type are reserved for future use by ITU-T | ISO/IEQ It is a
bcument
packing

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.

Tahla O Daoafinition-aof fin contant Tt asasnd b, ez
LTUAUIV U LCITITICIVIL UL llJ_\'Ulll-\'llI'_lll‘»\'l l.'l bbul—lull_b_y l.'\'
Value Interpretation
0 Unknown or unspecified relationship between the frame packed constituent frames
1 Indicates that the two constituent frames form the left and right views of a stereo view, scene, with

frame 0 being associated with the left view and frame 1 being associated with the rightwiew

2 Indicates that the two constituent frames form the right and left views of a sterepoView scene, with
frame 0 being associated with the right view and frame 1 being associated with thé left view

NOTE 6 | The value 2 for fp_content_interpretation_type is not expected to be prevalent in industry use of th
SEI messpge. However, the value was specified herein for purposes of completeness!

[72)

=)

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

—

=)

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

— Iffp| arrangement_type is equal to 3, the indicated,spatial flipping is horizontal flipping.
— Otherwise (fp_arrangement_type is equal to 4) the indicated spatial flipping is vertical flipping.

When fp_arrangement_type is not equal to 3 04, it is a requirement of bitstream conformance thgt
fp_spatipl_flipping_flag shall be equal to 0. When fp_arrangement_type is not equal to 3 or 4, the value
1 for fp_lspatial_flipping_flag is reservedfor future use by ITU-T | ISO/IEC. When fp_arrangement_typge
is not equal to 3 or 4, decoders shall ignore the value 1 for fp_spatial_flipping_flag.

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

[72)

When fp_spatial_flipping_flag is equal to 1, fp_frame0_flipped_flag equal to 0 indicates that frame 0 i
not spatially flipped and®rame 1 is spatially flipped and fp_frameO_flipped_flag equal to 1 indicats
that frame 0 is spatiallyflipped and frame 1 is not spatially flipped.

[72)

When fp_spatiaKflipping_flag is equal to 0, it is a requirement of bitstream conformance that fy_
frameO _fflippediflag shall be equal to 0. When fp_spatial_flipping_flag is equal to 0, the value 1 fo
fp_spatipl_flipping_flag is reserved for future use by ITU-T | ISO/IEC. When fp_spatial_flipping_flag i
equal to|0;decoders shall ignore the value of fp_frame0_flipped_flag.

wn =

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 frameQ flag

p_frame0_self_contained_flag equal to 1 indicates that no inter prediction operation$ wi|thir1 the
ecoding process for the samples of constituent frame 0 of the CLVS refer to samples of any corjstituent
Fame 1. fp_frame0_self_contained_flag equal to 0 indicates that some inter prediction oplerations
Uithin the decoding process for the samples of constituent frame 0 of the CLVS might/or might hot refer
b samples of some constituent frame 1. Within a CLVS, the value of fp_frame0_sélf-contained_flag in all
Fame packing arrangement SEI messages shall be the same.

o W e W P

p_framel_self_contained_flag equal to 1 indicates that no inter prediction operations within the
ecoding process for the samples of constituent frame 1 of the CLVS referrto samples of any corstituent
Fame 0. fp_framel_self_contained_flag equal to 0 indicates that-seme inter prediction oplerations
Uithin the decoding process for the samples of constituent frame,1'6f the CLVS might or might hot refer
b samples of some constituent frame 0. Within a CLVS, the valu€of fp_framel_self contained_flagin all
Fame packing arrangement SEI messages shall be the same:

o W e W WL

Vhen fp_quincunx_sampling_flag is equal to 0 and fp_arrangement_type is not equal to 5, twp ( X, y )
oordinate pairs are specified to determine the indicated luma sampling grid alignment for cor}stituent
Ffame 0 and constituent frame 1, relative to the upper left corner of the rectangular area repyesented
y the samples of the corresponding constituentframe.

o= 0o <

=z

OTE7  The location of chroma samples reldtive to luma samples could be indicated by the vui|chroma_
hmple_loc_type_frame or vui_chroma_sample loc_type_top_field and vui_chroma_sample_loc_type|bottom_
eld syntax elements in the VUI parameters, when present.

=~ N

—

p_frame0_grid_position_x (whenpresent) specifies the x component of the ( x, y ) coordinate pair for
onstituent frame 0.

Q

fp_frameO_grid_position -y {when present) specifies the y component of the ( x, y ) coordinatg pair for
donstituent frame O.

p_framel_grid_position_x (when present) specifies the x component of the ( x, y ) coordinatg pair for
onstituent frame-1:

Q =h

p_framel_grid position_y (when present) specifies the y component of the ( x, y ) coordinatg pair for
onstituent frame 1.

Q =hn

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

Q <

— 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 ( %, 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).

NOTE 8

The spatial location reference information fp_frameO_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

constitugnt frame 1 cover corresponding spatial areas with interleaved quincunx sampling patterns as illustrated
in Figurd 10.

fp_arra
bitstrea
values o
ignore t

fp_arra

messagd for the current layer.

fp_arrarnigement_persistence_flag equal to 0 specifies that the frame packifgarrangement SEI messag
applies fo the current decoded frame only.

fp_arrangement_persistence_flag equal to 1 specifies that the frame packing arrangement SEI messag

applies

output drder until one or more of the following conditions are ttue:

— A ngw CLVS of the current layer begins.

— The

— Api

fp_ups
the SAR

to prodyce a higher resolution frame from each constituent frame as illustrated in Figure 6 to Figure 10.
fp_upsampled_aspect_ratio_flag €qual to 0 indicates that the SAR indicated by the VUI parameters g

the SAR
process

NOTE 9

picture ghape for the packed decoded frame output by a decoder that does not interpret the frame packin
arrangerhent SEI message. When fp_upsampled_aspect_ratio_flag is equal to 1, the SAR produced in each up

converte
message

SAR produced in“each colour plane prior to upconversion is indicated to be the same as the SAR indicated in th
VUI pararneters or the SARI SEI message in the examples shown in Figure 6 to Figure 10.

42

outll:lt that follows the current picture in Gutput order.

to 1 because the spatial alignment in this case is assumed to be such that constituent frame 0 and

ngement_reserved_byte is reserved for future use by ITU-T | ISO/IEC. It is a requirendent gf
m conformance that the value of fp_arrangement_reserved_byte shall be equal te0. All othd
f fp_arrangement_reserved_byte are reserved for future use by ITU-T | ISO/IEC.Decoders sha
he value of fp_arrangement_reserved_byte.

—_—

et

ngement_persistence_flag specifies the persistence of the frame packing arrangement SH

D

> O

fo the current decoded picture and persists all subsequent pictures of the current layer i

bitstream ends.

v

cture in the current layer in an AU associated with a frame packing arrangement SEI message i

—

pled_aspect_ratio_flag equalto:l'indicates that the SAR indicated by the VUI parameters o
SEI message identifies the SAR of the samples after the application of an upconversion proces

[72)

=]

SEI message identifies'the SAR of the samples before the application of any such upconversiopn

The SAR indicated in the VUI parameters or the SARI SEI message could indicate the preferred displa

d colour plane is indicated to be the same as the SAR indicated in the VUI parameters or the SARI SH
in the examples shown in Figure 6 to Figure 10. When fp_upsampled_aspect_ratio_flag is equal to 0, th

D D — 1 09 <
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Figure 6 — Flowchart for rearrangement and'upconversion of side-by-side packi
arrangement with fp_arrangement_type equal'to 3, fp_quincunx_sampling_flag equal t¢ 0 and
(x,y) equalto (0,0) or (4,8) for both constituent frames
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Higure 7 — Flowchart for rearrangement and upconversion of side-by-side packing
arrangement with fp_arrangement_type equal to35fp_quincunx_sampling_flag equal to
0, (lx,y ) equal to ( 12, 8) for constituent frame 0and ( X,y ) equal to (0,0 ) or ( 4, 8) for
constituent frame 1
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Figure 8 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement
with fp_arrangement_type equal to 4, fp_quincunix_sampling_flag equal to 0 and ( x, y ) ¢qual to
(0,0) or (8,4) for both constituent frames
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Figure 9 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement

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

8.7 Parameter sets inclusion indication SEI message

§8.7.1 Parameter sets inclusion indication SEI message syntax

parameter_sets_inclusionindication( payloadSize ) { Descriiptor
psii_self_contained_clvs_flag u(fl)

§4.7.2 Parameter sets inclusion indication SEI message semantics

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

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

psii_self_contained_clvs_flag equal to 1 indicates that the following restrictions apply:

— Each parameter set that is (directly or indirectly) referenced by any VCL NAL unit of the CLVS that
is not a VCL NAL unit of a RASL picture (when present) associated with the first AU of the CLVS is
present within the CLVS at a position that precedes, in decoding order, any NAL unit that (directly
or indirectly) references the parameter set.
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— For any STSA picture stsaPicA with temporal sublayer identifier equal to 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_selff contained_clvs_flag equal to U Indicates that this property might or mignt not apply.

8.8 Decoded picture hash SEI message

8.8.1 Pecoded picture hash SEI message syntax

decodedl_picture_hash( payloadSize ) { Descriptor
dplLsei_hash_type u(8)
dplLsei_single_component_flag u(1)
dplL_sei_reserved_zero_7bits u(7)
for( cldx = 0; cldx < ( dph_sei_single_component_flag ? 1 : 3 ); cldx£%)
if( dph_sei_hash_type == 0)
for(i=0;1i< 16; i++)
dph_sei_picture_md5[ cldx ][ i] b(8)
else if(dph_sei_hash_type == 1)
dph_sei_picture_crc[ cldx ] u(16)
else if(dph_sei_hash_type == 2)
dph_sei_picture_checksum] cldx] u(32)

}

8.8.2 Pecoded picture hash SEI message semantics

This mepsage provides a hash for each colour component of the current decoded picture.

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

— Api¢turewidthandpictureheightinunitsoflumasamples,denotedhereinbyPicWidthInLumaSamplé

and|PicHeightInkumaSamples, respectively.

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

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

[72)

=

<)

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,

(29)

ILCTII —='U
for(y = 0; y < compHeight[ cldx |; y++ ) /* raster scan order */
for(x = 0; x < compWidth[ cldx [; x++) {
pictureData[ cldx ][ iLen++ ] = ComponentSample[ cldx ][ x ][ ¥ ] & OxFF
if( compDepth[ cldx]>8)
pictureData[ cldx ][ iLen++ ] = ComponentSample[ cldx |[[x][y] >> 8

dataLen][ cldx ] =iLen
}

<

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

jo5)

ph_sei_hash_type indicates the method used to calculate the checksum as specified in Table §
f dph_sei_hash_type that are not listed in in Table 9 are reserved for future use by ITU-T | ISO

Q.0 O o

ecoded 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

ph_sei_single_component_flag equal to 1 specifies that the picture associated with the

icture hash SEI message contdins a single colour component. dph_sei_single_component_flag
specifies that the pictureassociated with the decoded picture hash SEI message contains thrg
omponents. The value-of dph_sei_single_component_flag shall be equal to ( ChromaFormatldd

O o a

ph_sei_reserved zero_7bits shall be equal to 0. Values greater than 0 for dph_sei_r¢
ero_7bits are qeserved for future use by ITU-T | ISO/IEC and shall not be present in payl
onforming tothis edition of this document. Decoders conforming to this edition of this docum
bnore the-value of dph_sei_reserved_zero_7bits.

—_— 0 N o

dph_sei picture_md5[ cldx ][ i] is the 16-byte MD5 hash of the cldx-th colour component of the
dicture. The value of dph_sei_picture_md5[ cldx ][ i ] shall be equal to the value of digestV3

onent of

). Values
IEC and

hall not be present in payload data conforming to this edjtion of this document. Decoders shall ignore

decoded
equal to
e colour
==0).

bserved_
ad data
ent shall

decoded
I[ cldx ]

btained as follows using the MDS functions defined in IETE REC 1321

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

(30)

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| picture_checksum| cldx ] is the checksum of the colour component cldx of the ‘decoded
picture.[The value of dph_sei_picture_checksum| cldx ] shall be equal to the value of checksumVal[ cldx|
obtained as follows:

[—

sum|= 0

for(ly = 0; y < compHeight[ cldx |; y++)

far( x = 0; x < compWidth[ cldx ]; x++) {

xorMask = (x & OxFF) " (y & OxFF) " (x >> 8) " (y >> 8)

sum = ( sum + ( ( ComponentSample| cldx ][ y * compWidth[ cldx | + x ] &OXFF ) *
xorMask ) ) & OxFFFFFFFF

if( compDepth[ cldx]>8)
sum = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[eldx] +x] >> 8) " (32)

xorMask ) ) & OxFFFFFFFF

chedksumVal[ cldx ] = sum

8.9 Mapstering display colour volume SEI message

8.9.1 Mastering display colour volume SEI message syntax

mastering_display_colour_volume( payloadSize ) { Descriptor
for([c=0;c<3;c++){
mdcv_display_primariessx{'c | u(16)
mdcv_display_primaries_y| c ] u(16)
}
mdcv_white_pointx u(16)
md|cv_white_point_y u(16)
md|cv_max_display_mastering_luminance u(32)
mdlcv_min_display_mastering_luminance u(32)
}

8.9.2 Mastering display colour volume SEI message semantics

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

This SEI message does not identify the measurement methodologies and procedures used for
determining the indicated values or provide any description of the mastering environment. It also does
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 of the CLVS.
The mastering display colour volume SEI message persists for the current layer in decoding order from
the current picture until the end of the CLVS. All mastering display colour volume SEI messages that
apply to the same CLVS shall have the same content.

mdcv_display primaries_x| c |, when in the range of 5 to 37 000, inclusive, specifies the normalized

chromaticity coordinate of the colour primary component c of the mastering display, according to
the CIE 1931 definition of x as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and|CIE 15), in
ihcrements of 0.00002. When mdcv_display_primaries_x[ c ] is not in the range of 5 to 371000, inclusive,
the normalized x chromaticity coordinate of the colour primary component c of the mMastering display
i$ unknown or unspecified or specified by other means not specified in this document.

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

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

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

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

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

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

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

OTE1 SMPTEAST 2086 specifies that the normalized x and y chromaticity coordinate values for the mastering
display coloursprimaries and white point are to be represented with four decimal places. This would cofrespond
ith using . values of the syntax elements mdcv_display_primaries_x[ c¢ ], mdcv_display_primaries_y[ d ], mdcv_
hite_point_x, and mdcv_white_point_y, as defined in this document, that are multiples of 5.

OTE2 Anexample of the use of values outside the range for which semantics are specified in this Jocument
i at—7xTIN A-861=Guse v ahzed{xvy ontaticity coordimate—vatuesof {6;03fo c—white point to
indicate that the white point chromaticity is unknown.

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

NOTE3  SMPTE ST 2086 specifies that the nominal maximum display luminance of the mastering display is to

be specified as a multiple of 1 candela per square metre. This would correspond with using values of the syntax
element mdcv_max_display_mastering_luminance, as defined in this document, that are a multiple of 10 000.

© ISO/IEC 2021 - All rights reserved 51


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

ISO/IEC 23002-7:2021(E)

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.

[=]

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

=]

(i

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

=]

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

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

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

8.10 Cgntent light level information SEI message

8.10.1 [Content light level information SEI message syntax

content] light_level_info( payloadSize ) { Descriptor
clli_max_content_light_level u(16)
clli_max_pic_average_light_level u(16)

}

8.10.2 [ontent light level information SEI message semantics

This SEllmessage identifiesupper bounds for the nominal target brightness light level of the pictures gf
the CLVS.

The infgrmation conveyed in this SEI message is intended to be adequate for purposes corresponding
to the uge of CEA 861:3.

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

NOTE 1 Other syntax elements, such as vui_colour_primaries, vui_transfer_characteristics, and vui_matrix_
coeffs, when present, could assist in the identification of such a conversion process.

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.

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

= T~

Ili_max_pic_average_light_level, when not equal to 0, indicates an upper béund on the maximum
verage light level among the samples in a 4:4:4 representation of red, greem;,)and blue colour primary
htensities (in the linear light domain) for any individual picture of the CLVS, in units of candelas per
quare metre. When equal to 0, no such upper bound is indicated by cllismiax_pic_average_light_level.

W _— o 6

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

o9

o0

.11 Dependent random access point indication SEI message

§.11.1 Dependent random access point indication SEI message syntax

lependent_rap_indication( payloadSize ) { Descriptor

§.11.2 Dependent random access point indication SEI message semantics

—

he picture associated with a dépendent random access point (DRAP) indication SEI message is
referred to as a DRAP picture,

The presence of the DRAP indication SEI message indicates that the constraints on picture order
and picture referencihg specified in this subclause apply. These constraints can enable a defoder to
droperly decode theZDRAP picture and the pictures that follow it in both decoding order and output
rder without needing to decode any other pictures except the associated IRAP picture of the DRAP
icture.

g
B

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

—+C-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 picture lists
except the associated IRAP picture of the DRAP picture.

— 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 ) { Descriptor

preferred_transfer_characteristics u(8)

8.12.2 Alternative transfer characteristics SEI message semantics

The altgrnative transfer characteristics SEI message provides a preferred alternative value~for“thie
transfer| characteristics syntax element that is indicated by the colour description syntax'of thie
VUI parpmeters. This SEI message is intended to be used in cases when some value of yui_transfer_
charactgristics is preferred for interpretation of the pictures of the CLVS although someother value ¢f
vui_trarfsfer_characteristics could also be acceptable for interpretation of the pictures-of the CLVS and
that othpr value is provided in the colour description syntax of the VUI parameters for interpretation
by decodlers that do not support interpretation of the preferred value (e.g., because-the preferred valule
had not et been defined in a previous edition of this document).

When ah alternative transfer characteristics SEI message is present for-any picture of a CLVS of
particulprlayer and the first picture of the CLVS is an IRAP picture, an alternative transfer characteristig
SEI mesgage shall be present for that IRAP picture. The alternative transfer characteristics SEI messag
persists|for the current layer in decoding order from the current picture until the end of the CLV]
All alterpnative transfer characteristics SEI messages that apply to the same CLVS shall have the samje
content.

ST »n D

preferred_transfer_characteristics specifies a preferred alternative value for the vui_transfer_
charactgristics syntax element of the colour description syntax of the VUI parameters. The semantids
for pref¢rred_transfer_characteristics are otherwisé the same as for the vui_transfer_characteristigs
syntax d¢lement specified in the VUI parameters. When preferred_transfer_characteristics is not equal
to the vplue of vui_transfer_characteristics indicated in the VUI parameters, decoders should ignore
the value of vui_transfer_characteristics indicated in the VUI parameters and instead use the valuge
indicated by preferred_transfer_characteristics.

8.13 Ambient viewing environinent SEI message

8.13.1 Ambient viewing environment SEI message syntax

ambienf_viewing_envjironiment( payloadSize ) { Descriptor
ambient_illuminmance u(32)
ambient_light_x u(16)
ambient_light_y u(16)

}

8.13.2 Ambient viewing environment SEI message semantics

The ambient viewing environment SEI message identifies the characteristics of the nominal ambient
viewing 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,
respectively, of the environmental ambient light in the nominal viewing environment, according to the
IE 1931 definition of x and y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 axd CIE 15), in
ormalized increments of 0.00002. The values of ambient_light_x and ambient_light_y shall be in the
ange of 0 to 50 000.

o il il an)

=z

OTE For example, the conditions identified in Rec. ITU-R BT.2035 could be expressed using pmbient_
luminance equal to 100 000 with background chromaticity indicating D5 (ambientslight_x equal t¢ 15 635,
ambient_light_y equal to 16 450), or optionally in some regions, background. chromaticity indicqting Dg;
(gmbient_light_x equal to 14 155, ambient_light_y equal to 14 855).

—

§.14 Content colour volume SEI message

§.14.1 Content colour volume SEI message syntax

fontent_colour_volume( payloadSize ) { Descriptor
ccv_cancel_flag u(1)
if( !ccv_cancel_flag) {
ccv_persistence_flag u(l)
ccv_primaries_present_flag u(l)
ccv_min_luminance_value_présent_flag u(l)
ccv_max_luminance_value:present_flag u(l)
ccv_avg_luminance_value _present_flag u(l)
ccv_reserved_zero_2bits u(2)
if( ccv_primaries (pyesent_flag)
for(c=0;/c<3; c++){
ccv-primaries_x| c | i(32)
cev_primaries_y| c ] i(32)
}
if(\ccv_min_luminance_value_present_flag )
ccv_min_luminance_value u(B2)
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.ja
valye defined as unknown or unspecified.

— The|value of vui_transfer_characteristics is equal to 2, 4, or 5.
— The|value of vui_colour_primaries is equal to 2.
The follgwing applies when converting the signal from a non-linear to a linear representation:

— IftHe value of transferCharacteristics is equal to 1, 6, 7, 14, or 15, the Rec. ITU-R BT.1886 referende
electro-optical transfer function should be used to convert the signalte.its linear representation,
whdre the value of screen luminance for white is set equal to 100 candelas per square metre, t
valye of screen luminance for black is set equal to 0 candelas per square metre, and the value of thie
exppnent of the power function is set equal to 2.4.

— Otherwise, if the value of transferCharacteristics is equal.to. 18, the hybrid log-gamma referende
eleqtro-optical transfer function specified in Rec. ITU:R'\BT.2100 should be used to convert thee
sigrfal to its linear representation, where the value of npominal peak luminance of the display is set
equfl to 1000 candelas per square metre, the value efthe display luminance for black is set equal tp
0 cajndelas per square metre, and the value of systéem gamma is set equal to 1.2.

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

= =

D

ccv_cangel_flag equal to 1 indicates thatthe content colour volume SEI message cancels the persistenc
of any pfrevious content colour volue SEI message in output order that applies to the current laye
ccv_cangel_flag equal to 0 indicat€sthat content colour volume information follows.

In

ccv_perfistence_flag specifies-the persistence of the content colour volume SEI message for the
current Jayer.

ccv_pergistence_flag equal to 0 specifies that the content colour volume applies to the current decodefd
picture ¢nly.

ccv_pergistence-flag equal to 1 specifies that the content colour volume SEI message applies to the
current [decoded picture and persists for all subsequent pictures of the current layer in output orddr
until on¢ 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
glement ccv_avg_luminance_value is not present.

If is a requirement of bitstream conformance that the values of ccv_primaries_present~flag, ¢cv_min_
lyminance_value_present_flag, ccv_max_luminance_value_present_flag, and ccv_avg duminande_value_
dresent_flag shall not all be equal to 0.

o

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

= Q.

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

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

1 = = 0 QO - O= 6

Vhen ccv_primaries_x[ ¢ ] and ccv_primariés_y[ c ] are not present, they are inferred to be equial to the
ormalized x and y chromaticity coordin@tes, respectively, specified by vui_colour_primaries.

=5 <

cv_min_luminance_value specifies.the normalized minimum luminance value, according to (IE 1931,
hat is expected to be present in theé content, where values are normalized to L, or L. as specifi¢d in the
Ul parameters according to the-indicated transfer characteristics of the signal. The values of dcv_min_
iminance_value are in normalized increments of 0.0000001.

_—c

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

<D 06

cv_avg_luminance_value specifies the average luminance value, according to CIE 1931| that is
xpectedite be present in the content, where values are normalized to L, or L. as specified inf the VUI
arameters according to the transfer characteristics of the signal. The values of ccv_avg_luminance_
alue‘are in normalized increments of 0.0000001.

<D @ 6

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

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

To remap colour sample locations of a region-wise packed picture to a unit sphere, thefollowing orderefd
steps arg applied:

1.

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

For eacH pegion-wise packed picture corresponding to a decoded picture, the following applies:

58

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

A ré¢gion-wise packed picture is obtained as the cropped decoded picturevby decoding a codefd
picture. For purposes of interpretation of chroma samples, the input.to_the indicated remappinig
progess is the set of decoded sample values after applying an (unspecified) upsampling conversion
progess to the 4:4:4 colour sampling format as necessary when €hromaFormatldc is equal to [l
(4:2}0 chroma format) or 2 (4:2:2 chroma format). This (unspecified) upsampling process should
accqunt for the relative positioning relationship between the lima and chroma samples as indicate(d
by yui_chroma_sample_loc_type_frame, vui_chroma_sampletloc_type_top_field, and vui_chromg_
sample_loc_type_bottom_field syntax elements in the VUl parameters, when present.

If RWP is indicated, the sample locations of the regien-wise packed picture are converted to samp
locdtions of the respective projected picture astspecified in subclause 8.15.1.4. Otherwise, t
projected picture is identical to the region-wisgpacked picture.

If frame packing is indicated, the sample‘locations of the projected picture are converted tp
sample locations of the respective constituent picture of the projected picture, as specified ip
subglause 8.15.1.5. Otherwise, the constituent picture of the projected picture is identical to the
projected picture.

D

The| sample locations of a cofistituent picture of the projected picture are converted to spher
coordinates relative to the local coordinate axes, as specified in subclause 8.15.1.2.

If rdtation is indicated{the sphere coordinates relative to the local coordinate axes are convertefd
to sphere coordinates ‘relative to the global coordinate axes, as specified in subclause 8.15.1.3.
Otherwise, the global coordinate axes are identical to the local coordinate axes.

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.
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Ifaframe packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 tha

tapplies

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:
— StereoFlagis set equal to 1.

— Ifthe value of fp_arrangement_type of the frame packing arrangement SEI message is
3, TopBottomFlag is set equal to 0, SideBySideFlag is set equal to 1, HorDiv1 is set equal

equal to
to 2 and

p—

(an)

—

§.15.1.2 Projection for one sample location

hputs to this process are:

utputs of this process. are:

he projectiomfor a sample location is derived as follows:

VerDivlis set equal to 1.

— Otherwise, if the value of fp_arrangement_type of the frame packing arrangemerit SEI

message

is equal to 4, TopBottomFlag is set equal to 1, SideBySideFlag is set equal t040, HorDiy1 is set

equal to 1, and VerDiv1 is set equal to 2.

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

If a RWP SEI message with rwp_cancel_flag equal to 0 that applies<e the picture is not
RegionWisePackingFlag is set equal to 0, and ConstituentPigWidth and ConstituentP
are set to be equal to cropPicWidth / HorDiv1 and cropPicHgight / VerDiv1, respectivel
cropPicWidth and cropPicHeight are the width and height,‘cespectively, of the cropped
picture.

V1 is set

present,
icHeight
y, where
decoded

Otherwise, RegionWisePackingFlag is set equal Yto 1, and ConstituentPicWidth and

ConstituentPicHeight are set equal to rwp_proj_picture_width / HorDivl and rwp_proj |
height / VerDiv1, respectively.

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

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

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

If ErpFlag is equal to 1, the following applies:
—\If RegionWisePackingFlag is equal to 0 and erp_guard_band_flag is equal to 1, the f

picture_

hoscopic
and

ectively,
I values.

axes.

bllowing

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

proj

ected face.

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

assi

4. Ifg
face
and

5. The

hPo{
vPos

hPo{
vPos

hPo{
vPos

pned to hFoskot and vFosKot.

vPosAdj are identical to hPosRot and vPosRot, respectively.
following applies:

"= - (2 *hPosAdj + faceWidth ) + 1
"= - (2 *vPosAdj + faceHeight ) + 1

If gcmp_mapping_function_type is equal to 0, the following appliés:

" = hPos'
"" = yPos’

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

"= Tan(hPos' *m+4)
" =Tan(vPos' *m+4)

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

coeffU[ n] = ( gcmp_function_ceeffu[n]+1)+ 128

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

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

vPos” =vPos’ + (1 + ¢oeffV[n]* (1 - gecmp_function_v_affected_by_u_flag[ n] * hPos'2) *
(1-vPos'2))

The following applies:

mp_packing_type is equal to 4 or 5, subclause 8.15.1.10 is invoked with hPosRot, vRosRo
Width, and faceHeight, and the output is assigned to hPosAdj and vPosAdj. Otherwise, hPosAd

(36

(37

(3¢
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if( gcmp_face_index[ n] == 0) { /* positive x front face */
x=1.0
y = hPos"”
z =vPos"
}else if( gcmp_face_index[n] == 1) { /* negative x back face */
x=-1.0
y = -vPos"
z = -hPos”
} else if( gcmp_face_index[n] == 2) { /* positive z top face */
x = —-hPos"

Y= =vPos?
z=1.0
}else if( gcmp_face_index[ n] == 3) { /* negative z bottom face */
x = hPos”
y = -vPos"
z=-1.0
}else if( gcmp_face_index[ n] == 5) { /* positive y left face */
x = -hPos"
y=1.0
z =vPos”
}else { /* (gcmp_face_index[ n] == 4 ), negative y right face */
x = hPos"
y=-1.0
z =vPos”

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

§4.15.1.3 Conversion from the local coordinate axes to the global coordinate axes

]

hputs to this process are:

— rotation_yaw (o), rotation_pitch (f4), rotation_roll (y4), all in units of degrees, and

— sphere coordinates (¢4, 8,) relative to the local coordinate axes.

(an)

utputs of this process are:

— sphere coordinates (¢4 89 relative to the global coordinate axes.

o |

he outputs are derived as follows:

b=dy*m+180
0=04*m+ 180
a=oy*mea80

B =Bgq =180

Y =yt + 180
xs€Cos( ) *Cos(0)
§4 S Sin( ) * Cos( )
z;=Sin(0)

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 (X, 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,

— thewidthand the height (projRegWidth, projRegHeight) of the projected region, in relative projected
picture sample units,

— the

region-wise packed picture sample units,

— trap

— offs
inh

NOTE

sample i packed picture sample units.

Outputs

— the
pict

The out]

if( tra
ho
ve
} else
trg
ho
vel
}

if( trd
hP
vP
} else
hP
vP
} else
hP
vP
} else
hP
vP
} else
hP

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

sform type (transformType), and

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

<)

offsetX and offsetY both being equal to 0.5 indicates a sampling position thatis;at the centre point of

of this process are:

jon

Centre point of the sample location (hPos, vPos) within the prgjected region in relative projecte
ure sample units, where hPos and vPos could have non-integer real values.

buts are derived as follows:

nsformType == 0 || transformType == 1 || transfermType == 2 || transformType == 3){
‘Ratio = projRegWidth + packedRegWidth

Ratio = projRegHeight + packedRegHeight

if (transformType == 4 || transformType ==5" || transformType == 6 ||

nsformType == 7){

‘Ratio = projRegWidth + packedRegHeight

Ratio = projRegHeight + packedRegWidth

nsformType == 0) {

bs = horRatio * ( x + offsetX )

bs = verRatio * (y + offsetY )

if (transformType == 1)1

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

if (transformType-=="2) {

bs = horRatio * (packedRegWidth - x - offsetX)
bs = verRatio ¥ (. packedRegHeight - y - offsetY )
if (transformtype == 3){

bs = horRatjo * ( x + offsetX) (42
bs = verRatio * ( packedRegHeight - y - offsetY )
if (fransformType == 4){

bs-=)horRatio * (y + offsetY )

vP
} else
hP

0S = Verratio * [ X + OffSetX J
if (transformType == 5) {
os = horRatio * (y + offsetY )

vPos = verRatio * ( packedRegWidth - x - offsetX)

} else
hP

if (transformType ==6) {
os = horRatio * ( packedRegHeight — y - offsetY )

vPos = verRatio * ( packedRegWidth - x - offsetX)

}else
hP

if (transformType == 7)) {
os = 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
following applies:

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

— xis setequal to xPackedPicture — PackedRegionLeft[ n |.

— yissetequal to yPackedPicture - PackedRegionTop[ n |.

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

— xProjPicture is set equal to ProjRegionLeft[ nJ\+hPos.

— WhenStereoFlagisequalto0or TopBottom¥Flagisequalto1,and whenxProjPictureif greater
than or equal to rwp_proj_picture_width,;xProjPicture is set equal to xProjPictur¢ — rwp_
proj_picture_width.

— When SideBySideFlag is equal to-1; the following applies:

— When ProjRegionLeft[ 1] is less than rwp_proj_picture_width / 2 and xPrajPicture
is greater than or equal to rwp_proj_picture_width / 2, xProjPicture is set equal to
xProjPicture - rwp.proj_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, xProjPictulre is set
equal toxProjPicture - rwp_proj_picture_width / 2.

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

— Subclause/8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPicWidth, and
ConstitirentPicHeight 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 decoded picture.

(therwise if RegionWisePackingFlag is equal 0 and CmpFlag is equal to 1, the following 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

© ISO/IEC 2021 - All rights reserved 63


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

ISO/IEC 23002-7:2021(E)

cropped

decoded picture, where a sample location (%, 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 0, projPicWidth is set equal to ConstituentPicWidth. Otherwise (ErpFlag is

eunl to 1), projPICWIdth 1s set equal to ConstituentPIcWIdth — ( erp_leit_guard_band_width + erg_
right_guard_band_width ).

— Sub

as ipputs, and the outputs indicating the sphere coordinates and the constituent pictuse index (fg

fran
pict

8.15.1.4
totheg
Inputs t

— the
xPr
inte

— pict

projected luma picture, in relative projected picture:sample units.

Outputs

— sph
cool

— whd
The out]

1. con

—

Clause8.15.1.6isinvokedwithxProjPicture,yProjPicture,projPicWidth,and ConstituentPicHeigh

==

he-packed stereoscopic video) for the sample location (x, y) within the regiofi-wise packe
ure.

Conversion from a sample location in a projected picture to sphere coordinates relative
obal coordinate axes

b this process are:

[}

Centre point of a sample location (xProjPicture, yProjPicturel within a projected picture, when
bjPicture and yProjPicture are in relative projected pictuke)sample units and could have nor
oer real values, and

ureWidth and pictureHeight, which are the width and height, respectively, of a monoscopic

of this process are:

—_—

ere coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the globg
rdinate axes, and

n StereoFlag is equal to 1, the indexof the constituent picture (constituentPicture) equal to 0 or 1.
puts are derived with the following ordered steps:

stituentPicture, xProjPictire, and yProjPicture are conditionally set as follows:

—_—

If xProjPicture is greater than or equal to pictureWidth or yProjPicture is greater than or equ
to pictureHeight;the following applies:

— constituéntPicture is set equal to 1.

— When’ xProjPicture is greater than or equal to pictureWidth, xProjPicture is set tp
xProjPicture - pictureWidth.

— \When yprnjpirhlr‘p is grnafnr than or nqnn] to pir‘hlrn]—lnighf’ yprn}'pir‘hlrn is set t

yProjPicture - pictureHeight.

Otherwise, constituentPicture is set equal to 0.

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

3. azimuthGlobal and elevationGlobal are set as follows:

64

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
elevationLocal.

8.15.1.7 Calculation of the cubemap face size for a projected picture

Inputs to this process are:

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

(an)

utputs of this process are:

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

o |

he outputs are derived as follows:

gcmpPicWidth = pictureWidth
gcmpPicHeight = pictureHeight
gcmpGuardBandSamples = gcmp_guard_band_flag ? gcmp_guard_band_samiples_minusl +1:0
if(gcmp_guard_band_flag && gcmp_guard_band_boundary_exterior_flag) {
gcmpPicWidth = pictureWidth - 2 * gcmpGuardBandSamples
gcmpPicHeight = pictureHeight — 2 * gcmpGuardBandSamples

if( gcmp_packing_type == 0){
if( gcmp_guard_band_flag)
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth
faceHeight = gcmpPicHeight / 6
} else if( gcmp_packing_type == 1){
if( gcmp_guard_band_flag)
gcmpPicWidth -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth / 2
faceHeight = gcmpPicHeight / 3
} else if( gcmp_packing_type == 2) {
if( gcmp_guard_band_flag)
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth./ 3
faceHeight = gcmpPicHeight / 2
} else if( gcmp_packing type == 3){
if( gcmp_guard_band>flag )
gcmpPicWidth ‘== 2 * gcmpGuardBandSamples
faceWidth = gempPicWidth / 6
faceHeight=gempPicHeight
} else if( gciprpacking_type == 4){
if( gcmprguard_band_flag)
gémpPicWidth -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth / 3
faceHeight = gcmpPicHeight
Yelse if( gcmp_packing_type == 5){
T gcmp_guard_band_ilag )
gcmpPicHeight -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth
faceHeight = gcmpPicHeight / 3

(43)

}

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.

— Othgrwise, 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.

3]

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

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

—

— If gdmp_packing_type is equal to 0, gcmpPicHeight shall be a multiple of'6,/and gcmpPicWidth sha
be dqual to gcmpPicHeight / 6.

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

=

— Otherwise, if gcmp_packing_type is equal to 2, gcmpRicWidth shall be a multiple of 3 an
gcmpPicHeight shall be a multiple of 2, and gcmpPicWidth '/ 3 shall be equal to gcmpPicHeight / 2

— Otherwise, if gcmp_packing_type is equal to 3,, g¢mpPicWidth shall be a multiple of 6, and
gempPicWidth / 6 shall be equal to gcmpPicHeight.

— Othgrwise, if gcmp_packing_type is equatyto 4, gcmpPicWidth shall be a multiple of 6, and
gcmpPicWidth / 3 shall be equal to gcmpPicHeight.

oW

— Otherwise, if gecmp_packing_type isj equal to 5, gcmpPicHeight shall be a multiple of 6, an
gcmpPicWidth shall be equal to gcmpPicHeight / 3.

8.15.1.4 Conversion from a sample location in a projected picture to a sample location in a
projectéed cubemap face

Inputs t¢ this process are:

— samlple location (hPos, vPos) within the projected picture in relative projected picture sample units,
whgre hPos and vPos could have non-integer real values, and

— facgWidthrand faceHeight, which are the width and height, respectively, of the projected face, ip
relafive 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
C‘lbc 1{( sLlllp_de}\ills_LyPC - = 1 )
tmpHorPos = tmpHorPos < faceWidth ? tmpHorPos : tmpHorPos - 2 * ghSize
else if( 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 + gbSize 7
tmpHorPos - gbSize : tmpHorPos - 2 * gbSize (44)
else if( gcmp_packing_type == 5)
tmpVerPos = tmpVerPos < faceHeight / 2 ? tmpVerPos : tmpVerPos <.2.5.* faceHeight + gbSize ?
tmpVerPos - gbSize : tmpVerPos - 2 * gbSize

}

w = Floor( tmpHorPos + faceWidth )

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

§.15.1.9 Rotation of sample locations for a projécted cubemap face

]

hputs to this process are:

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

-+ faceWidth and faceHeight, which are the width and height, respectively, of the projected face, in
relative projected picture saniple units.

(an)

utputs of this process are:

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

The outputs aré derived as follows:

if( gcmp{face_rotation[n] == 0){
hPosRot = hPosFace
vPosRot = vPosFace

1 else if( gcmp_face_rotation[n] == 1){
trPosRot=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:

o

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

The outputs are derived as follows:

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

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

topHaceldx={2, 4, 4, 4, 2, 2}

bottpbmFaceldx={3,5, 5, 5, 3, 3}

hPo§Adj = hPosRot

vPog4Adj = vPosRot

if(n[!= 2)

if[ face_index[2 ]| = = leftFaceldx[ face_index[n]] && hPosAdj >=«aceWidth / 2)
hPosAdj -= faceWidth / 2

else if( face_index[2 ] = = rightFaceldx| face_index[ n]] && hPesAdj < faceWidth / 2)
hPosAdj += faceWidth / 2 (49)
else if( face_index[2 ] = = topFaceldx][ face_index[ n ]| &&wPosAdj >= faceHeight / 2)
vPosAdj -= faceHeight / 2

else if( face_index[2 ] = = bottomFaceldx][ face_index[ n] | && vPosAdj < faceHeight / 2)
vPosAdj += faceHeight / 2

8.15.2 Equirectangular projection SEI message

8.15.2.1 Equirectangular projection SEI message syntax

equirectangular_projection( payloadSize ) { Descriptor
erp_cancel_flag u(1)
if( lerp_cancel_flag) {
erp_persistence)flag u(1)
erp_guard¢band_flag u(1)
erp_reserved_zero_2bits u(2)
if( erpiguard_band_flag == 1) {
erp_guard_band_type u(3)
erp_leftguard-band-width ut8)
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
1fferent type ol projection shall be present for any picture of the CLVS.

el

Vhen the SAR for a picture is indicated by vui_aspect_ratio_idc or sari_aspect_ratio_idc gredter than 1,
here should be no equirectangular projection SEI messages applicable for the picture:

—

A frame packing arrangement SEI message for which all the following conditions aretrue is referred to
ds an effectively applicable frame packing arrangement SEI message:

—+ The value of fp_arrangement_cancel_flag is equal to 0.
—+ The value of fp_arrangement_type is equal to 3, 4, or 5.
-+ The value of fp_quincunx_sampling_flag is equal to 0.
—+ 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 ta0.
—+ The value of fp_frame0_grid_position_y is equal to 0.
-+ The value of fp_framel_grid_position_xis‘equal to 0.

—+ The value of fp_framel_grid_position-y is equal to 0.

When a frame packing arrangement SEI message with fp_arrangement_cancel_flag equal tp 0 that
applies to the picture is present'that is not an effectively applicable frame packing arrangement SEI
essage, an equirectangular projection SEI message with erp_cancel_flag equal to 0 that applips to the
dicture shall not be present)*Decoders shall ignore equirectangular projection SEI messageqd 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 messpge.

arp_cancel_flag ‘equal to 1 indicates that the SEI message cancels the persistence of any previous
dquirectangular. projection SEI message in output order. erp_cancel_flag equal to 0 indicqtes that
dquirectangular projection information follows.

grp_persistence_flag specifies the persistence of the equirectangular projection SEI messagg for the
durrént layer.

fes to the

p—ptT C C_ITag a
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_gus

— erp|
conft
spe

— erp|
of s

NOTE
picture h

— erp.
pict
pict

— erp]
pict

— erp|

shalll treat the value of erp_guard_band_type when the value is greater than 3 as equivalent to thie

valy

erp_lefff guard_band_width specifies the width of the guard band on the left side of the constituer]

picture
band_w
2 (4:2:2

erp_rig
picture

rd_band_type indicates the type of the guard bands as follows:

guard_band_type equal to 0 indicates that the content of the guard band in relation\to thie
ent of the constituent picture is unknown or unspecified or specified by other rheans ngt
fified in this document.

-

guard_band_typeequalto 1indicates thatthe contentofthe guard band sufficesfor interpolatio
imple values at sub-pel sample fractional locations within the constituent picture.

ot

erp_guard_band_type equal to 1 could be used when the source boundary $amples of a constituer]
ave been copied horizontally to the guard band.

—_—

guard_band_type equal to 2 indicates that the content of the‘guard band represents actusz
ure content at a quality that gradually changes from the picture quality of the constituer
ure to that of the spherically adjacent region.

(i

guard_band_type equal to 3 indicates that the content of the guard bands represents actugl
Lire content at a similar level of quality as the constifuent picture.

guard_band_type values greater than 3 are reserved for future use by ITU-T | ISO/IEC. Decoders

e 0.

[

n units of luma samples. When erpcguard_band_flag is equal to 0, the value of erp_left_guard
dth is inferred to be equal to 0. When ChromaFormatldc is equal to 1 (4:2:0 chroma format) o
rhroma format), erp_left_guard_band_width shall be an even number.

=

[

nt_guard_band_width spedifies the width of the guard band on the right side of the constituern
n units of luma sampless.When erp_guard_band_flag is equal to 0, the value of erp_right_guard

band_w]dth is inferred to be'equal to 0. When ChromaFormatldc is equal to 1 (4:2:0 chroma format) dr
2 (4:2:2 rhroma format), exp-right_guard_band_width shall be an even number.
8.15.3 [Generalized.cubemap projection SEI message
8.15.3.1 Genéralized cubemap projection SEI message syntax
generaljzeéd_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(l)
if( gcmp_guard_band_flag ) {
gcmp_guard_band_type u(3)
gcmp_guard_band_boundary_exterior_flag u(l)
gcmp_guard_band_samples_minus1 u(4)

0

.15.3.2 Generalized cubemap projection SEI message semaritics

he generalized cubemap projection SEI message provides_information to enable remapping
generalized cubemap projection) of the colour samplés of the projected pictures onto §
bordinate space in sphere coordinates (¢, 6) for usg ih'omnidirectional video applications fi
he viewing perspective is from the origin looking outward toward the inside of the sphere. Th
oordinates are defined so that ¢ is the azimuth (longitude, increasing eastward) and 0 is the ¢
Jatitude, increasing northward).

(e B W o N s S @ N S R |

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

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

When a generalized cubemap prdjection SEI message is present for any picture of a CLVS, a gen
ubemap projection SEI message shall be present for the first picture of the CLVS and no SEI
ndicating a different type ofprojection shall be present for any picture of the CLVS.

—

<

Vhen the SAR for a picture is indicated by vui_aspect_ratio_idc or sari_aspect_ratio_idc greate
here should be no generalized cubemap projection SEI messages applicable for the picture.

—

A frame packing-arrangement SEI message for which all the following conditions are true is ref
ds an effectivély-applicable frame packing arrangement SEI message:

4+ The ¥alue of fp_arrangement_cancel_flag is equal to 0.

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

through
| sphere
r which
e sphere
levation

7.3.
eralized
message

r than 1,

erred to

— Thevatue of fp_quincunx_sampting_flag isequat to6:
— 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 i

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

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

— The| values of gcmp_face_index[ i ] for i from 0 to 5, inclusive, are equal to 5,04, 3, 1 and 2,
respectively;

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

— The|value of gcmp_guard_band_flag is equal to 0.

gcmp_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previoy
generalized cubemap projection SEI message in output order. gcmp, cancel_flag equal to 0 indicate
that cubemap projection information follows.

n n

gcmp_persistence_flag specifies the persistence of the generalized cubemap projection SEI messag
for the qurrent layer.

[¢’)

gcmp_pérsistence_flag equal to 0 specifies that the generalized cubemap projection SEI message applig
to the cyrrent decoded picture only.

[72)

gcmp_pérsistence_flag equal to 1 specifies thatthe generalized cubemap projection SEI message applig
to the current decoded picture and persistsallsubsequent pictures of the current layer in output orde
until on¢ or more of the following conditions are true:

= Wn

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

— A pifrture in the currentlayer in an AU associated with a cubemap projection SEI message is outpyt
that| follows the current picture in output order.

gcmp_ppcking_typé/specifies the packing type and the position index of the cubemap packing as
specifiefl in Table<10. When the value of gcmp_packing_type is in the range of 0 to 3, inclusive, cubemap
packing|with six.faces is used. When gcmp_packing_type is 4 or 5, hemisphere cubemap packing with
one full face and four half faces is used. The value of gcmp_packing_type shall be in the range of 0 to }
inclusive.©ther values for gcmp_packing_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

gcmp_packing_type | Packing type and position index
0
1
2
0
3
4
5
01
1 2|3
4|5
012
2
31415
3 0|12 }3)4]|5
4 0% "2 |3]4
0
1
5 2
3
4

cmp_mapping_function_type speeifies the mapping function used to adjust the sample Ipcations
f the cubemap projection. gcmp.rhapping_function_type equal to 0 specifies that the same mapping
flinction as specified for the cubemap projection SEI message in Rec. ITU-T H.265 | ISO/IEC 23008-2
nd Rec. ITU-T H.264 | ISOAIEC 14496-10 is used. gcmp_mapping_function_type equal to 1 $pecifies
that the equi-angular médpping function is applied to adjust the sample locations of the projected face,
s defined in subclaus€8:15.1.2. gcmp_mapping_function_type equal to 2 specifies that the coeffients of
the mapping functigmapplied to adjust the sample locations of the i-th projected face are specifi¢d by the
slyntax elements ‘@omp_function_coeff_u[ i ], gcmp_function_u_affected_by_v_flag[ i ], gcmp_fhinction_
eff v[ i ], and.gcmp_function_v_affected_by_u_flag[ i ]. The value of gcmp_mapping_functjon_type
shall be in the'range of 0 to 2, inclusive.

cmp_face_index[ i | specifies the face index for position index i in gcmp_packing_type [and the
lationship between the global coordintes 3D (X, Y, Z) and the local coordinate 2D (u, v) as spdgcified in
subclause 8.15.1.2.

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

— If gcmp_face_index[2 ] is equal to 0 or 1, the value of gcmp_face_index[ i | foriequal to 0, 1, 3 or 4
shall be in the range of 2 to 5, inclusive.

— Otherwise, if gcmp_face_index[2 ] is equal to 2 or 3, the value of gcmp_face_index[ i ] 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.
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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
270

gcmp_face_rotation[ i ]

WIN|-R|O

When g¢mp_packing_type is equal to 4, it is a requirement of bitstream conformance that the followinig
constraints apply:

—

— If gdmp_face_index[2 ] is equal to O or 1, the value of gcmp_face_rotation[ i ] fordyequal to 0, 1, 3 o
4 shall be 0 or 2.

— Othgrwise, if gcmp_face_index[2 ] is equal to 2 or 3, when gcmp_face_index] i | is equal to 1, thie
valye of gcmp_face_rotation[ i ] shall be 0 or 2, and when gcmp_face_index[ i ] is equal to 0, 4 or },
the yalue of gcmp_face_rotation|[ i ] shall be 1 or 3.

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

When g¢mp_packing_type is equal to 5, it is a requirement of bitstream conformance that the following
constraints apply:

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

— Othgrwise, if gcmp_face_index[2 ] is equal €0 2 or 3, when gcmp_face_index[ i ] is equal to 1, th
valye of gcmp_face_rotation][ i | shall bexl.or 3, and when gcmp_face_index[ i | is equal to 0, 4 or %,
the yalue of gcmp_face_rotation| i | shall-be 0 or 2.

D

— Otherwise, when gcmp_face_index] i-] is equal to 0, the value of gcmp_face_rotation[ i ] shallbe 1 or 3,
andwhen gcmp_face_index|[ i Jisequal to 1, 2 or 3, the value of gcmp_face_rotation[ i ] shall be 0 or 2.

gemp_function_coeff_u[ i | specifies the coefficient used in the cubemap mapping function of the u-axis
of the i-§h face. When gcmpfunction_coeff_u[ i ] is not present, it is inferred to be equal to 0.

=

gcmp_function_u_affected_by_v_flag[ i ] equal to 1 indicates that the cubemap mapping function ¢
the u-axiis refers to the-v position of the sample location. gcmp_function_u_affected_by_v_flag[ i | eque
to 0 indikcates that-thie cubemap mapping function in u-axis does not refer to the v position of the sampl

D —

gcmp_function_v_affected_by_u_flag[ i ] equal to 1 indicates that the cubemap mapping function of
the v-axis refers to the u position of the sample location. gcmp_function_v_affected_by_u_flag[ i ] equal
to 0 indicates that the cubemap mapping function in v-axis does not refer to the u position of the sample
location.

gcmp_guard_band_flag equal to 0 indicates that the coded picture does not contain guard band areas.
cmp_guard_band_flag equal to 1 indicates that the coded picture contains guard band areas for which
the sizes are specified by the syntax element gcmp_guard_band_samples_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 rave been copied NorizZzontaily or vertically to the guard band-

4+ gcmp_guard_band_type equal to 2 indicates that the content of the guard bands repfesénts actual
picture content that is spherically adjacent to the content in the coded face at quality that gradually
changes 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 bahds represents actual
picture content that is spherically adjacent to the content in the codedface at a similay picture
quality as within the coded face.

-+ gcmp_guard_band_type values greater than 3 are reserved for~future use by ITU-T | [SO/IEC.
Decoders shall treat the value of gcmp_guard_band_type wheir'the value is greater than 3 as
equivalent to the value 0.

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

Table 12 — Specification of guard band boundarylocation based on gcmp_packing_type and
gcmp_guard_band_boundary_exterior_flag

gcmp_packing_type |gcmp_guard_band_boundary_exterior_flag Location of guard band
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