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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
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Introduction

Versions of this document

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

Rec. ITU-T H.274 | ISO/IEC 23002-7 version 2 refers to the integrated text containing nine additional SEI
messages, namely the annotated regions SEI message, the alpha channel information SEI message, the depth
representation information SEI message, the multiview acquisition information SEI message, the multiview
view position SEI message the scalablllty dlmensmn 1nformat10n SEI message the extended dependent

informatio
various mif
ITU-T H.274

Rec. ITU-T
four additi
post-filter ¢
indication

various mi
ISO/IEC 23
to the third

Conventioj}
The term "
In this docy

“shall”

SEI message. Be51des these addltlonal SEI messages this version also contains-co1
hor defects in the prior content of the specification. The second edition published by’ IT
| (05/2022) and by ISO/IEC as ISO/IEC 23002-7:2022 corresponds to the secondwversi

H.274 | ISO/IEC 23002-7 version 3 (the current version) refers to the integrated text
bnal SEI messages, namely the shutter interval information SEI message, the neut
haracteristics SEI message, the neural-network post-filter activation SEI message, an
SEl message. Besides these additional SEI messages, this versjonjalso contains cox
hor defects in the prior content of the specification. The third<edition published by
D02-7:2024 corresponds to the third version. This third editign of ISO/IEC 23002-7 ¢
edition published by ITU-T as Rec. ITU-T H.274 (09/2023):

1S
his document” is used to refer to this Recommeridation | International Standard.

iment, the following verbal forms are used:

eleme
encod

indicates a requirement. When used toéxpress a mandatory constraint on the value
s or the values of variables derived«from these syntax elements, it is the responsil
to ensure that the constraint is fulfilled.

“should” indicates a recommendation’It is used to refer to behaviour of an implementa

encourpged to be followed underanticipated ordinary circumstances, but is not a requ

confor

« )

may

Informatio

ance to this document:

ndicates a permissian.

“can” ipdicates a possibility or a capability.

entry” used in ClauSe*3 provide additional information that supplements the terminological d

contain prg

visionsrelating to the use of a term.

1 marked as\‘NOTE” is intended to assist the understanding or use of the document.

- transform

rectlons to
U-T as Rec.
bN.

containing
al-network
d the phase
rections to
ISO/IEC as
prresponds

s of syntax
ility of the

tion that is
rement for

“Notes to
ita and can
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Information technology — MPEG video technologies —

Part 7:

Versatile supplemental enhancement information messages
for coded video bitstreams

1 Scope

This docun
supplemen

this documgnt are designed to be conveyed within coded video bitstreams in a manner specifie

coding spe

make use df such coded video bitstreams. This document is particularly intended for use with d

bitstreams
to be suffic

VUI param

However, unless otherwise specified in a referencing specificatioi, the interpretation and use

parameters

nent specifies the syntax and semantics of video usability information (VUI)"para
al enhancement information (SEI) messages. The VUI parameters and SEl‘messages

cification or to be conveyed by other means determined by the specifications for sy

as specified by Rec. ITU-T H.266 | ISO/IEC 23090-3, although itis-drafted in a mann
ently generic that it can also be used with other types of codedvideo bitstreams.

bters and SEI messages can assist in processes related to-decoding, display or othe

and SEI messages specified in this document is ndt’a required functionality of a vid

or receivi

decoders and receiving video systems can simply ignore the eontent of the VUI parameters and SH
or can use them in a manner that somewhat differs fromvhat is specified in this document.

2 Nor

The following documents are referred to in the text in such a way that some or all of their content
requirements of this document. For dated.references, only the edition cited applies. For undated

the latest e
ISO/IEC 10
ISO/IEC 11

ISO/IEC 15
of neural né

Rec.ITU-T ]
Rec. ITU-T

video system. Although semantics are specified for the VUI parameters and SE

tive references

lition of the referenced document (including any amendments) applies.
h4 6, Information technology — Universal coded character set (UCS)
h78:1996, Information technology — Open Systems Interconnection — Remote Procedur

D38-17, Information technology — Multimedia content description interface — Part 17: (
tworks formultimedia content description and analysis

1.2734ISO/IEC 23091-2, Information technology — Coding-independent code points — K

meters and

defined in
1 in a video
stems that
oded video
er intended

[ purposes.
of the VUI
eo decoder
messages,
Ll messages

constitutes
references,

e Call (RPC)

lompression

art 2: Video

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

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

IETF RFC1

321, The MD5 Message-Digest Algorithm

IETF RFC 4151, The ‘tag’ URI Scheme

IETF RFC 5646, Tags for Identifying Languages.

IETF RFC 3986, Uniform Resource Identifiers (URI): Generic Syntax

© ISO/IEC 2024 - All rights reserved
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3 Terms and definitions

For the pur

poses of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

IECEle

3.1
AU
access unit
set of PUs t

3.2

APS
adaptation
syntax stru
syntax elen

3.3

alpha blen
process in
other data

ISO Onl

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

ctropedia: available at https://www.electropedia.org/

hat belong to different lgvers and contain coded pictures associated with the same out

ut time

parameter set
Cture containing syntax elements that apply to zero or more slices as deterfmined by z¢
ents found in slice headers

ding
iwhich an auxiliary coded picture is used in combination with\a primary coded pictu
not specified by this document in the display process

Note 1 to eftry: In an alpha blending process, the luma samples of anyauxiliary coded picture are in

indications
samples of t

34
associated
previous I

bf the degree of opacity (or, equivalently, the degrees ¢f transparency) associated with co
he primary coded picture.

IRAP picture
AP picture (when present) in decoding-otder, for a particular picture, in the same |

particular picture

3.5

azimuth circle

circle on a 1
Note 1 to en

3.6

byte
sequence 0
most bits r
left to right

3.7
chroma

phere connecting all pointsswwith the same azimuth value

ry: An azimuth circle is always a great circle like a longitude line on the earth.

f 8 bits, within which, when written or read as a sequence of bit values, the left-mos
epresent theumost and least significant bits, respectively, and the bits are written o

Pro Or more

e and with

rerpreted as
rresponding

ayer as the

t and right-
" read from

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

3.8
CLVS

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

CLVSS PU

© ISO/IEC 2024 - All rights reserved
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39
CLVSS PU
PU in which the coded picture is a CLVSS picture

3.10

CLVSS

coded layer video sequence start

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

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

3.11
coded picture
coded reprdsentation of a picture containing all CTUs of the picture

3.12
coded slic¢ NAL unit
NAL unit thpt contains a coded slice

3.13
coded vidgo bitstream
sequence of bits that forms the representation of a sequence of AUs forming one or more CVSs

3.14
CVS
coded videp sequence
sequence of AUs that consists, in decoding order, of a CVSS AU;followed by zero or more AUs that are not CVSS
AUs, including all subsequent AUs up to but not including any subsequent AU that is a CVSS AU

3.15
CVSS AU
AU that haga PU for each layer present in the CVS:and the coded picture in each PU is a CLVSS pictiyre

3.16
componenL

array or single sample from one of the-three arrays (luma and two chroma) that compose & picture in
4:2:0, 4:2:2} or 4:4:4 colour format-or*the array or a single sample of the array that compose h picture in
monochrome format

3.17
constituernt picture
part of a spatially frame=packed stereoscopic picture that corresponds to one view, or a picturelitself when
frame pack|ng is not fmuse or the temporal interleaving frame packing arrangement is in use

3.18
cropped decoded picture

result of ci opping a decaded picture based on the conformance cropping window for the rnrresponding
coded picture

3.19
decoded picture
decoded picture is derived by decoding a coded picture

3.20
decoder
embodiment of a decoding process

3.21
decoding order
order in which syntax elements are conveyed in the coded video bitstream and are processed by a decoding process

© ISO/IEC 2024 - All rights reserved
3
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decoding process
process that reads a coded video bitstream and derives decoded pictures from it

3.23

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

Note 1 to entry: An elevation circle is similar to a latitude line on the earth. Except when the elevation value is zero, an

elevation cir

3.24
encoder
embodime

cle is not a great circle like a longitude circle on the earth.

3.25
encoding
process tha

3.26
field
assembly o

3.27
flag
variable or

3.28
frame
compositio
sample row

3.29

global coo
coordinate
position an

Note 1 to en
omnidirecti
of the omnid

3.30
great circl
intersectio

Note 1 to en

3.31
inter pred

tof an encoding nrocess
I

rocess
t produces a coded video bitstream

F alternative rows of samples of a frame

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

h of a top field and a bottom field, where samplé-rows 0, 2, 4, ... originate from the t
s 1, 3,5, ... originate from the bottom field

rdinate axes
axes associated with omnidirectional video that are associated with an externally re
d orientation

ry: The global coordinate axes\eould correspond to the position and orientation of a device o

bnal audio/video acquisitionias well as the position of an observer's head in the three-dimen
rectional video rendering‘'environment.

a)
-

1 of a sphere anda plane that passes through the centre point of the sphere

ry: A greateircle is also known as an orthodrome or Riemannian circle.

ction

bp field and

ferenceable

rig used for
sional space

aspectof't

3.32

€ decoding process for a coded picture that MaRkes USE of data derived {Tom the decoding process of
one or more previously decoded reference pictures

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

bitstream

© ISO/IEC 2024 - All rights reserved
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layer
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set of VCL NAL units that all have a particular value of layer identifier and the associated non-VCL NAL units,
wherein the layer identifier is a variable for which the value is specified by a video coding specification

Note 1 to entry: In the contexts of Rec. ITU-T H.266 | ISO/IEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-2, the

layer identif

3.34

ier is the value of the nuh_layer_id syntax element in the NAL unit header.

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

3.35

local coor(iinate axes

coordinate

3.36

luma
sample arf
represente

Note 1 to enf
transfer chal
the symbol Y

3.37

NAL unit
syntax stru
manner thg

3.38
non-VCL N
NAL unit th

3.39

omnidirec
video conte
using a he
viewing po

3.40

output ord
order in w
output fron

time when

from the deder)

3.42

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

l by the symbol or subscriptY or L

ry: The term luma is used rather than the term luminance in order to@avoid implying the use ¢
racteristics that is often associated with the term luminance. The-symbol L is sometimes us{
[ to avoid confusion with the symbol y as used for vertical location.

Cture containing an indication of the type of datasthat follows and bytes containing th
t enables the extraction of a string of data bits(frem the syntax structure

AL unit
ht is not a VCL NAL unit

tional video

nt in a format that enables rendering according to the user's viewing orientation, e.g
d-mounted device, or according to a user's desired viewport, reflecting a potentiz
Sition

er
hich the decoded pictures are output from the decoder (for the decoded pictures the
\ the decodeér)

ay or single sample representing the monochrome signal related(to” the primafry colours,

flinear light
bd instead of

at datain a

v, if viewed
|lly rotated

t are to be

A decoded pi

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

3.43
picture

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

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

pictures are

fields.

© ISO/IEC 2024 - All rights reserved
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3.44
PPS

ISO/IEC 23002-7:2024(en)

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 pict

3.45
PU
picture un

ure

it

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

3.46

projected
picture that

3.47
projected
regionina

3.48

projection
specified c
positions o

3.49
random ag
act of start
bitstream

3.50
RASL picty
leading pic
IRAP pictun

3.51

reference
picture tha
pictures in

3.52
reference
list of refers

3.53
region-wis
decoded pi

fcture
uses a projection format for omnidirectional video

Fegion
projected picture that is mapped to a packed region according to a region‘wise packing

brrespondence between the colour samples of a projected picture and azimuth an
N a sphere

cess
ing the decoding process for a coded video bitstreain at a point other than the begin

Ire
fure that cannot be correctly decoded*when the decoding process starts from the
e

picture
contains samples that could be used for inter prediction in the decoding process of
decoding order

bicture list
bnice pictures that'is used for inter prediction of a slice

e packed’picture
‘ture that contains one or more packed regions

d elevation

ning of the

associated

subsequent

Note 1 to en

3.54

A H H 1 2| Y 1d ol 4 4 Joi £ 4 tod niosk
Ty 71 T CETOT WISt patRetpretar cCourttotTar a T CYToT-wiSC pUCRIiy Ot a pr ojeCtea pretur €5

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

3.55

sample aspect ratio
indicated width-to-height aspect ratio of the luma samples of the associated decoded pictures
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3.56
slice

ISO/IEC 23002-7:2024(en)

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)

3.57
source

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

3.58

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

3.59

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

3.60

STSA picture
coded pictuye that enables up-switching, at the coded picture, to the temporal sublayer containing the coded

picture, fro

the immediately lower temporal sublayer of the same layerwhen the coded pictu

belong to the lowest temporal sublayer

Note 1 to e

identifier as

in the same
STSA pictur
for inter pre
in its decodi

3.61
syntax ele
element of

3.62
syntax str

Zero or mol

htry: An STSA picture does not use pictures in the same layer and with the same tempo
the STSA picture for inter prediction reference. Pictures ‘following an STSA picture in deq
ayer and with the same temporal sublayer identifier as.the STSA picture do not use pictures
e in decoding order in the same layer and with the sahe’temporal sublayer identifier as the §
diction reference. STSA pictures in an independentilayer (i.e., a layer that does not depend on
hg) always have a temporal sublayer identifier greater than 0.

ment
lata represented in a syntax structure

icture
e syntax elements that aré.present together in a specified order in a string of data bits

left-most bit is considered to be thefirst and most significant bit, and the right-most bit is consi

the last and

3.63

syntax stru
display or
samples in

SEI messaIe

3.64

least significant bit

ture thatprovides a particular type of information that assists in processes related t
ther purposes but is not needed by the decoding process in order to determine the v
rlecqded pictures

n circles, or

re does not

ral sublayer
oding order
prior to the
TSA picture
other layers

, where the
dered to be

o decoding,
hlues of the

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

3.65

temporal sublayer identifier
number greater than or equal to 0 defined by a variable for which the value is specified by a video coding
specification such that pictures of all temporal sublayers have a specified temporal output order relative
to each other and pictures with a lower temporal sublayer identifier can be decoded without reference to
pictures with a higher temporal sublayer identifier
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3.66

tilt angle

angle indicating the amount of tilt of a sphere region, measured as the amount of rotation of a sphere region
along the axis originating from the sphere origin passing through the centre point of the sphere region,
where the angle value increases clockwise when looking from the origin towards the positive end of the axis

3.67

trailing picture

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

3.68

VCL NAL unit
collective tprm for coded e NAL Tmits and the sSubset of other NAL 7 Tat have
unit type identifiers that are classified as VCL NAL units in a referencing specification

reserved values of NAL

3.69
VUI paramjeters
syntax stryicture that identifies properties of interpretation of decoded picturésyfor display purposes,
particularly including colour representation information

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

4 Abbre¢viated terms

ACI alpha channel information

AU access unit

APS adaptation parameter set

CLVS coded layer video sequence

CLVSS coded layer video sequence start

CRC cyclic redundancy check

CTI colour transformsinformation

CVS coded videq sequence

DRAP dependeérntrandom access point

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

IRAP intra random access point

MAI multiview acquisition information
NAL network abstraction layer

NNPF neural-network post-processing filter
NNPFA neural-network post-filter activation
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NNPFC neural-network post-filter characteristics

PPS picture parameter set

PU picture unit

RASL random access skipped leading

RWP region-wise packing

SAR sample aspect ratio

SARI sample aspect ratio information

SDI scalability dimension information

SEI supplemental enhancement information

STSA step-wise temporal sublayer access

URI uniform resource identifier

VCL video coding layer

VUI video usability information

5 Conventions

5.1 Geng¢ral

The word "feserved" is used to specify that some valaes of a particular syntax element are for future use by
ITU-T | ISOJIEC and shall not be used in syntax struetures conforming to this document, but could|potentially
be used in §yntax structures conforming to future editions of this document by ITU-T | ISO/IEC.

The word "unspecified" is used to describe some values of a particular syntax element to indicpate that the
values hav¢ no specified meaning in thissxdocument and are not expected to have a specified neaning in
future editjons of this document by [TU;T | ISO/IEC.

The mathernatical operators usedinthis document are similar to those used in the C programming language.
However, the results of integen'division and arithmetic shift operations are defined more precisely, and
additional ¢pperations are defined, such as exponentiation and real-valued division.

Numbering and counting'conventions generally begin from 0 (e.g. "the first" is equivalent to thie 0-th, "the
second" is ¢quivalentitothe 1-th, etc.).

5.2 Aritlrmetic operators

+

xY

addition
subtraction (as a two-argument operator) or negation (as a unary prefix operator)
multiplication, including matrix multiplication

exponentiation

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

integer division with truncation of the result toward zero

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

y
Y f(i)

x%y

ISO/IEC 23002-7:2024(en)

division in mathematical equations where no truncation or rounding is intended

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 Logical operators

x&&y

x|y

!

x?y:z

5.4 Rela

>

>=

<

<=

1=

When a rel

'('no:c' gpplic
na" is cong
5.5 Bit-y

&

W
V4

sh

bit-wise "and"

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

fxis TRUE or not equal to 0, evaluates to the value of y; otherwise, évaluates to the v

fional operators

breater than

breater than or equal to
ess than

ess than or equal to
bqual to

ot equal to

htional operator is applied tg.a syntax element or variable that has been assigned the
hble), the value "na" is treated as a distinct value for the syntax element or variable
idered not to be equal te.any other value.

yise operators

hen opefating on integer arguments, operates on a two's complement representation o
|lue. When operating on a binary argument that contains fewer bits than another arg
orterargument is extended by adding more significant bits equal to 0.

hlue of z

b value "na"
. The value

[ the integer
rument, the

bi

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

bi

t-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 argument, the
shorter argument is extended by adding more significant bits equal to 0.
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arithmetic right shift of a two's complement integer representation of x by y binary digits

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

X<<y

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

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

5.6 Assignment operators

assignment operator

++
+=

5.7 Rang
X=Yy.Z

5.8 Mathematical functions

Abs(x )

Asin( X
of -1.0
radians

Atan( x
the ran

ncrement, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to
'he variable prior to the increment operation

lecrement, i.e., x- - is equivalent to x = x — 1; when used in an array index, etialuates
bf the variable prior to the decrement operation

ncrement by amount specified, i.e., x += 3 is equivalent to x = x + 3, and x += (-3) i
fox=x+(-3)

lecrement by amount specified, i.e., x —= 3 is equivalent to x =\¥’- 3, and x —= (-3) is

0 x =x - (-3)

be notation

k takes on integer values starting from y to z, inelusive, with x, y, and z being integer ni
v being greater thany

X ; x>=0

{

) trigonometric inversé.sine function, operating on an argument x that is in|
to 1.0, inclusive, with\an output value in the range of -m+2 to m+2, inclusive,

—X x<0

)

be of —m+240:1+2, inclusive, in units of radians

the value of

o the value

equivalent

equivalent

hmbers and

)

the range
in units of

(2)

) trigonometrie-inverse tangent function, operating on an argument x, with an output value in

3
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Atan( ¥y ) ; x>0
X
Atan Y +7
X ;0 X<0&&y>=0
Atan2(y,x) = 4)
Atan( Y j—n ;o X<0&&y<0
X
LT
2 X==0&&y>=0
T ; otherwise
2
Ceil( x ) smallest integer greater than or equal to x (5)
X Z<X
Clip3(¥y,z)=4y ; Z>y (6)
z ; otherwise
Cos( x )[trigonometric cosine function operating on an argument xin‘units of radians (7)
Floor( y ) largest integer less than or equal to x (8)

Ln( x )|natural logarithm of x (the base-e logarithm,where e is the natural logarithm bage constant

2.718 2B1 828..) 9)
X ; X>=y
Max(x,|y) = (10)
y 5 X<y
X ; X<= y
Min(x,|y) = (11)
y 5 x>y
Min (=Y, X ) ; y<0
Reflect x,y ) = ¢ Max(x~(y—-x),0) ; y>X (12)
y ;  otherwise
Round(|x ) = Sign{x ) * Floor( Abs(x) + 0.5) (13)
[ 1 ; x>0
Sign(x)=70 ; x==0 (14)
-1 ; x<0
Sin( x ) trigonometric sine function operating on an argument x in units of radians (15)
Sqrt( x ) square root of x (16)
Tan( x ) trigonometric tangent function operating on an argument x in units of radians (17)
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Max( 0,x+y+1) ; y<0
Wrap(x,y) =4 Min(xy-x-1) ;  y>x (18)
y ; otherwise

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.

Table 1 spefifies the precedence of operations from highest to lowest; a higher position in the tablle indicates
a higher precedence.

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

Operations (with operands x, y, and z)

x++", "X

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

XYy

"k o1 non non X non

X'y, X/y' X+y, —, X%y”
y

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

i=x

"X<<y, X>>y"

non non N "

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

"X==y, X!=y"

IIX & yll
%|y"

"X &&y"
"X I | y"
"%?y:z"

“X..y"

X=yh X 4=y X =y

5.10 Variables, syntax elements and tables

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

In some cases the syntax tables and semantics use the values of other variables derived from the values
of syntax elements. Such variables appear in the syntax tables, or text, named by a mixture of lower case
and upper case letter and without any underscore characters. Variables starting with an upper case letter
are derived for the decoding of the current syntax structure and all depending syntax structures. Variables
starting with an upper case letter could, in some cases, be used in the decoding process for later syntax
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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 functlons are spec1f1ed in subclause 6.3 and assume the existence of a pointer with

an indicatign ,
are described by their names, which are constructed as syntax element names and|ej

functions
and right 1|
separated k

Functions t
described K
letters wit

0
variable naltn

A one-dims¢
can either
arrays. In 1
and the sed
square par
x and verti
referred to
position x @

A specificat
each inner
the rows ajj
s[0][0]is

Binary not
'01000001"
the least sig

Hexadecim
of binary n
bit string h

Numerical

A value eqy

pund parentheses including zero or more variable names (for definition) or values
y commas (if more than one variable).

y their names, which start with an upper case letter, contain a mixture)of lower and

es (for definition) or values (for usage) separated by commas (if more than one vari

nsional array is referred to as a list. A two-dimensional array.is referred to as a ma
be syntax elements or variables. Subscripts or square patentheses are used for the
eference to a visual depiction of a matrix, the first subseript is used as a row (ver
ond subscript is used as a column (horizontal) index. The indexing order is reversed

fal position y could be denoted either as s[ x ][ ¥ or as Sy

ould be referred to as the list s[ x

1.

ion of values of the entries in rows and ¢olumns of an array could be denoted by {{...}
pair of brackets specifies the values-ofthe elements within a row in increasing colum

represents an eight-bit(string having only its second and its last bits (counted from
pnificant bit) equal te_ 1.

tation when the-number of bits is an integer multiple of 4. For example, 0x41 represer|
hving only itsisecond and its last bits (counted from the most to the least significant bit

alues hot'enclosed in single quotes and not prefixed by "0x" are decimal values.

akto 0 represents a FALSE condition in a test statement. The value TRUE is represel

Froan g

hat are not syntax functions (including mathematical functions specified.in subclay

ut any underscore character, and end with left and right parenthegses including zg

e ordered in increasing row orderi Thus, setting a matrixsequalto {{1 6} {49 }} s
setequal to 1,s[1][ 0] is setequal to 6,s[ 0 ][1]is set equal to 4, and s[1][1 ] is set eq

htion is indicated by enclésing the string of bit values by single quote marks. F¢

hl notation, indjeatéd by prefixing the hexadecimal number by "0x", is used in some c3

ata. Syntax
hd with left
(for usage),

Ise 5.8) are
upper case
ro or more
hble).

[riX. Arrays
indexing of
tical) index
when using

bntheses rather than subscripts for indexing. Thus;an element of a matrix s at horizontal position
+ A single column of a mati
as a list and denoted by omission of the row index. Thus the column of a matrix s af

ix could be
horizontal

...} }, where
h order and
ecifies that
ual to 9.

r example,
the most to

ses instead
ts an eight-
equal to 1.

hted by any

value differe

5.11 Text

%
et FoZero-

description of logical operations

In the text, a statement of logical operations as would be described mathematically in the following form:
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stat
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dition 0)
ement 0

else if( condition 1)

stat

ement 1

else /* informative remark on remaining condition */

stat

ement n

is typically described in the following manner:

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

Each "If ...

following a

Otherw

Otherw

If condition 0, statement 0

rise, if condition 1, statement 1

hise (informative remark on remaining condition), statement n

Dtherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows
pplies” immediately followed by "If ... ". The last condition of the {'If,..” Otherwise, if ...

..." is alwayp an "Otherwise, ...". Interleaved "If ... Otherwise, if ... Otherwise;,.." statements can b
by matching "... as follows" or "... the following applies" with the ending/@therwise, ...".
In the text, ja statement of logical operations as would be described.mdathematically in the followi
if( condlition Oa && condition Ob )
statgment 0
else if(Jcondition 1a | | condition 1b)
statgment 1
else
statgment n
is typically|described in the following manner:

... as follow

co

co

Cco

Cco

If all of

Otherw

5 / ... the following applies:

the following conditions are true, statement 0:

Idition Oa

dition Ob

rise, if @he)or more of the following conditions are true, statement 1:

ditien 1a

"or ".. the
Otherwise,
e identified

ng form:

ndition 1b

Otherwise, statement n

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

if( con

dition 0)

statement 0

if( con

dition 1)

statement 1
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is typically described in the following manner:
When condition 0, statement 0

When condition 1, statement 1

5.12 Processes

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

If the V]

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

ariables at the invoking and the process specification do not have the same,name, th

e variables

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

— Otherwise (the variables at the invoking and the process specification have the'same name), pssignment
is impljed.

6 Syntax and semantics

6.1 Gengral

Itis intendq
necessary 6

Technical 9
shall speci
length in b
Rec. ITU-T
number of
future edit
additional
document.
document.

Technical s
the payload
the length
Rec. ITU-T
should proy
to be incre
by directly

d that this document is referenced by other technical'specifications, which should spe
lements to enable the use of the specified VUI parameters and SEI messages.

pecifications that reference this documeht’ for carrying VUI parameters synta:
fy a container to carry the data of the~VUI parameters syntax structure and to i
ts of the VUI parameters syntax structure, e.g., the vui_payload( ) syntax strucure
H.266 | ISO/IEC 23090-3. The design of the container should provide the ability td
bits in the vui_parameters( ) syntax structure and to allow the number of bits to be i
ons of this document, thus enabling this document to provide extensibility by directly
byntax elements to the end df the vui_parameters( ) syntax structure in future edit
Che syntax of the contajner-of the vui_parameters( ) syntax structure is outside the s

pecifications thatreference this document for carrying SEI messages shall specify a w
syntax of each’specified SEI message, to identify which SEI message is conveyed, ang
n bits of the SEI message syntax structure, e.g., the sei_payload( ) syntax structure
H.266 | [SO/IEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-2. The design of th
ide thelability to detect the number of bits in an SEI message and to allow the nun
hsed-in future editions of this document, thus enabling this document to provide e
appending additional syntax elements to the end of the SEI message syntax s

cify certain

K structure
dentify the
bpecified in
detect the
hcreased in
appending
ions of this
cope of this

ray to carry
to identify
specified in
e container
hber of bits
ktensibility
fructure in

method of

future edit
identifying

ons of this document. The syntax of the container of the SEI messages as well as thd

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 in this document.
The number of bytes that contains the payload data is referred to herein by the variable payloadSize, where
payloadSize is equal to Ceil( PayloadBits + 8 ).

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

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

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

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

For example, each SEI message could be carried as a string of data bits that is prefixed with an JEI message
payload type indication derived as a payloadType variable within a NAL unitjthat could contaip emulation
prevention|bytes as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3. When$uch emulation prevention bytes
are presenf, the emulation prevention bytes are not counted when detéermining the values of PayloadBits
and payloagiSize.

6.2 Method of specifying syntax in tabular form

The syntax tables in this document specify a superset of\thie syntax of the VUI parameters and|all allowed
SEI messages. Additional constraints on the syntax are‘specified, either directly or indirect]y, in other
subclauses

This subclause lists examples of the syntax specification format. When syntax_element appears| it specifies
that a syntpx element is parsed from the VUlparameters syntax or an SEI message syntax and the data
pointer is advanced to the next position beyond the syntax element in the syntax parsing process.

Ddscriptor
/* A statemient can be a syntax eleinent with an associated descriptor or can be an expres-
sion used%,specify conditionsfor the existence, type and quantity of syntax elements, as
in the following two examples®*/
syntax_el¢ment ue(v)

conditionifpg statement

/* A group|of statements enclosed in curly brackets is a compound statement and is treat-
ed functionally as a single statement. */
L

{

statement

statement

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

while( condition )
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statement

/* A "do ... while" structure specifies evaluation of a statement once, followed by a test
of whether a condition is true, and if true, specifies repeated evaluation of the 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 condi-
tion is trug;spetifies evatuatiomof a primmary statenment; otherwise; specifies evatuation
of an alterjlative statement. The "else" part of the structure and the associated alternative
statement |s omitted if no alternative statement evaluation is needed */

if( conditign )

primary| statement

else

alternatjve statement

/* A "for" qtructure specifies evaluation of an initial statement, followéd by a test of a con-
dition, and|if the condition is true, specifies repeated evaluation of aprimary statement
followed by a subsequent statement until the condition is no longertrue. */

for( initial statement; condition; subsequent statement )

primary] statement

6.3 Spedification of syntax functions and descriptors

The functipns presented in this subclause aresused in the syntactical description. These fupctions are

expressed In terms of the value of the VUI pakameters syntax or an SEI message syntax data f

indicates the position of the next bit to be read by the decoding process from the syntax structurile.

more_data|in_payload( ) is specified as‘follows:

— If byte]aligned( ) is equal to TRUE and the current position in an SEI message syntax strucf
paramé¢ters( ) syntax structure is 8 * payloadSize bits from the beginning of the syntax stj
returnjvalue of more_data,in_payload( ) is equal to FALSE.

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

ointer that

ure or vui_
ucture, the

read_bits( h ) reads\the next n bits from the syntax structure and advances the data pointer by n bit
positions. When.n-is equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not 3dvance the

data pointer.

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

— b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor is specified by

the return value of the function read_bits( 8).

— f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing

process for this descriptor is specified by the return value of the function read_bits( n ).

— i(n): signed integer using n bits. When n is "v" in the syntax table, the number of bits varies i

n a manner

dependent on the value of other syntax elements. The parsing process for this descriptor is specified by
the return value of the function read_bits( n ) interpreted as a two's complement integer representation

with most significant bit written first.
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se(v): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing
process for this descriptor is specified in Clause 9 with the order k equal to 0.

st(v): null-terminated string encoded as universal coded character set (UCS) transmission format-8
(UTF-8) characters as specified in ISO/IEC 1064 6. The parsing process is specified as follows: st(v) begins
at a byte-aligned position in the bitstream and reads and returns a series of bytes from the bitstream,
beginning at the current position and continuing up to but not including the next byte-aligned byte that
is equal to 0x00, and advances the bitstream pointer by ( stringLength + 1 ) * 8 bit positions, where
stringLength is equal to the number of bytes returned.

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

u(n): u'\cignnd infngnr ncing nbits When n is "v" in the cynfnv fah]n’ the number of bits varies in a
mannef dependent on the value of other syntax elements. The parsing process for this\dgscriptor is
specifigd by the return value of the function read_bits( n ) interpreted as a binary represéntation of an
unsignpd integer with most significant bit written first.

ue(v): ynsigned integer 0-th order Exp-Golomb-coded syntax element with the Jeftbit first. The parsing
process for this descriptor is specified in Clause 9 with the order k equal to 0,

Vided usability information parameters

When any Information regarding the interpretation of the{pictures is not present in the vui_paframeters( )
syntax strycture, or the vui_parameters( ) syntax strugture is not present, there may be somme external

means that{controls the interpretation.

7.2 VUI parameters syntax

vui_paramleters( payloadSize ) { D¢scriptor
vui_prolgressive_source_flag u(1)
vui_intelrlaced_source_flag u(1)
vui_nor_packed_constraint_flag u(1)
vui_nor_projected_constraint_flag u(1)
vui_asplect_ratio_infolpresent_flag u(1)
if( vui_alspect_ratioinfo_present_flag ) {
vui_aspect_ratio_constant_flag u(1)
vui_a|spect_ratio_idc u(8)
if( vu]_aspect_ratio_idc == 255) {
vui_sar_width u(16)
vui_sar_height u(16)
}
}
vui_overscan_info_present_flag u(1)
if( vui_overscan_info_present_flag)
vui_overscan_appropriate_flag u(1)
vui_colour_description_present_flag u(1)

if( vui_colour_description_present_flag ) {
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vui_colour_primaries u(8)
vui_transfer_characteristics u(8)
vui_matrix_coeffs u(8)
vui_full_range_flag u(1)
}
vui_chroma_loc_info_present_flag u(1)
if( vui_chroma_loc_info_present_flag ) {
if( vui_progressive_source_flag && !vui_interlaced_source_flag )
vui_chroma_sample_loc_type_frame ue(v)
else {
vul_chroma_sample_loc_type_top_field ue(v)
vul_chroma_sample_loc_type_bottom_field ue(v)
}
}
}
7.3 VUI parameters semantics
VUI parameters apply to one or more CLVSs.
NOTE1 The interpretation of several syntax elements of the VUI parameters are specified by referenge to coding-
independenf code points specified in Rec. ITU-T H.273 | ISO/IEC 23094-2. Further information about the ysage of such

code points

Use of the V

picture
that co
of each

s found in ITU-T H-Suppl. 19 | ISO/IEC TR 23091-4.

(Ul parameters requires the definition of the fellowing variables:

hasonlyaluma componentand other yaltes indicate that the picture has three colour g
hsist of aluma component and two-associated chroma components, such that the widt}
chroma component are the width'and height of the luma component divided by Sub)

SubHeightC, respectively, where SubWidthC and SubHeightC are determined from ChromaF

specifi

A bit
Chrom
denote

ed by Table 2.

depth for the samples—of the luma component, denoted herein by BitDepthy,
hFormatldc is not eqial'to 0, a bit depth for the samples of the two associated chroma c
d herein by BitDepth.

Table 2 —SubWidthC and SubHeightC values derived from ChromaFormatldc

A chrojna format indicator, denoted herein by GhtomaFormatldc, such that the value 0 indicdtes that the

omponents
1 and height
WidthC and
rmatldc as

and when
bmponents,

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

vui_progressive_source_flag and vui_interlaced_source_flag are interpreted as follows:

type of the pictures should be interpreted as progressive only.

source

scan type of the pictures should be interpreted as interlaced only.
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Otherwise, if vui_progressive_source_flag is equal to 0 and vui_interlaced_source_flag is

equal to O,

the source scan type of the pictures should be interpreted as unknown or unspecified or specified by

external means not specified in this document.

source scan type of each picture is indicated at the picture level using the syntax element
scan_type in a frame-field information SEI message.

Otherwise (vui_progressive_source_flag is equal to 1 and vui_interlaced_source_flag is equal to 1), the

ffi_source_

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

vui_non pr0]ected constraint flag equal to 1 spec1f1es that there shall not be any equlrectangular

projection § 3
apply to the¢ CLVS. vui_non prolected constramt _flag equal to 0 does not 1mpose such a constrai

vui_aspec
ratio_info_

_ratio_info_present_flag equal to 1 specifies that vui_aspect_ratio_idc is presént.
present_flag equal to 0 specifies that vui_aspect_ratio_idc is not present.

vui_aspect_ratio_constant_flag equal to 1 specifies that the values of vui_aspect:ratio_idc, Sat
SarHeight qpply to all pictures in the CLVS and there is no SARI SEI message present in the CLVS.
ratio_constpnt_flag equal to 0 specifies that the values of vui_aspect_ratig: idc, SarWidth, ang
might or m|ght not apply to all pictures in the CLVS and that SARI SEI messages could be present
indicating a different sample aspect ratio applicable to the pictures associated with SARI SE
When the [ui_aspect_ratio_constant_flag syntax element is not ptesent, the value of vui_as

tream that
nt.

bui_aspect_

'Width, and
yui_aspect_
| SarHeight
in the CLVS

messages.
pect_ratio_

constant_flag is inferred to be equal to 0.

bf decoded
ui_aspect_
parameter
resent, the
bpecified as
conforming
eserved for

_ratio_idc, when not equal to 255, indicates tHe SAR of the luma samples
pictures in the CLVS, unless indicated otherwise by associated SARI SEI messages when
ratio_constpnt_flag is equal to 0. Its semantics are as.specified for the SampleAspectRatio
in Rec. ITUY-T H.273 | ISO/IEC 23091-2. When the vui*aspect_ratio_idc syntax element is not
value of vu]_aspect_ratio_idc is inferred to be equal te’0. Values of vui_aspect_ratio_idc that are
reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams
to this editjon of this document. Decoders shallinterpret values of vui_aspect_ratio_idc that are 1
future use In Rec. ITU-T H.273 | ISO/IEC 230912 as equivalent to the value 0.

vui_aspect

f the luma
sages when

vui_sar_width, when present, indicates the horizontal size of the SAR (in arbitrary units) ¢
samples of decoded pictures in the CLVS; unless indicated otherwise by associated SARI SEI mes
vui_aspect|ratio_constant_flag is équal to 0.

asvui_sar_
riated SARI

_helight, when present;indicates the vertical size of the SAR (in the same arbitrary units
w1dth) of the luma samples-efdecoded pictures in the CLVS, unless indicated otherwise by asso
SEI messagps when vui_aspéct_ratio_constant_flag is equal to 0.

When pres
ratio_idc is
unspecified

bnt, vuisat_width and vui_sar_height shall be relatively prime or equal to 0. When
equal.te-0 or vui_sar_width is equal to 0 or vui_sar_height is equal to 0, the SAR is y
in this document or may be determined by other means, such as the SARI SEI messag

ui_aspect_
nknown or
e,

vui_overscan—info-_preser ag—eqta speeifies—thatthe ag is present.
When vui_overscan_ _info present flag is equal to 0 oris not present the preferred dlsplay method for the
video signal is unknown or unspecified or specified by external means.

vui_overscan_appropriate_flag equal to 1 indicates that the cropped decoded pictures output are
suitable for display using overscan. vui_overscan_appropriate_flag equal to 0 indicates that the cropped
decoded pictures output contain visually important information in the entire region out to the edges of
the conformance cropping window of the picture, such that the cropped decoded pictures output should
not be displayed using overscan. Instead, they should be displayed using either an exact match between
the display area and the conformance cropping window, or using underscan. As used in this paragraph, the
term "overscan" refers to display processes in which some parts near the borders of the cropped decoded
pictures are not visible in the display area. The term "underscan" describes display processes in which the
entire cropped decoded pictures are visible in the display area, but they do not cover the entire display area.
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For display processes that neither use overscan nor underscan, the display area exactly matches the area of
the cropped decoded pictures.

NOTE 2 For example, vui_overscan_appropriate_flag equal to 1 could be used for entertainment television
programming or for a live view of people in a videoconference, and vui_overscan_appropriate_flag equal to 0 could be
used for computer screen capture or security camera content.

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

vui_colour_primaries indicates the chromaticity coordinates of the source colour primaries. Its semantics
are as specified for the ColourPrimaries parameter in Rec. ITU-T H.273 | ISO/IEC 23091-2. When the
Vui_co]our_prim;\ripq syntax element is not present the value of vni_r‘n]m]r_prim;lripc is inferred to be
equal to 2| (the chromaticity is unknown or unspecified or determined by other means ngt specified
in this dogument). Values of vui_colour_primaries that are identified as reserved for future use in
Rec. ITU-T |H.273 | ISO/IEC 23091-2 shall not be present in bitstreams conforming to, this edition of this

document.

vui_transf
semantics 4
When thev
is inferred
other mear

Pecoders shall interpret reserved values of vui_colour_primaries as equivalentto the

re as specified for the TransferCharacteristics parameter in Rec. ITY-P H.273 | ISO/I
Lni_transfer_characteristics syntax elementis not present, the valugof vui_transfer_cha
to be equal to 2 (the transfer characteristics are unknown.or unspecified or det

reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall n6tpe present in bitstreams

to this edit

br_characteristics indicates the transfer characteristics function of the colour represe

s not specified in this document). Values of vui_transfer_characteristics that are ic

on of this document. Decoders shall interpret reserved«values of vui_transfer_charag

value 2.

entation. Its
EC 23091-2.
racteristics
ermined by
lentified as
conforming
teristics as

equivalent fo the value 2.

vui_matrix_coeffs describes the equations used in deriving luma and chroma signalg from the
green, blug, and red, or Y, Z, and X primaries. Its semantics are as specified for MatrixCodfficients in
Rec. ITU-T H.273 | ISO/IEC 23091-2.

vui_matrix| coeffs shall not be equal to 0 unless both of the following conditions are true:

— BitDepfh( is equal to BitDepthy.

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

The specififation of the use of vui_matrix_coeffs equal to 0 under all other conditions is reservefl for future
use by ITUAT | ISO/IEC.

vui_matrix| coeffs shall not be\equal to 8 unless one of the following conditions is true:

— BitDepth, is equal te.BitDepthy,

— BitDepth, is equal to BitDepthy + 1 and ChromaFormatldc is equal to 3 (the 4:4:4 chroma forjmat).

The specifi
use by ITU-

Catign,of the use of vui_matrix_coeffs equal to 8 under all other conditions is reserve
T.§dSO/IEC.

d for future

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

vui_full_range_flagindicates the scaling and offset values applied in association with the matrix coefficients.
Its semantics are as specified for the VideoFullRangeFlag parameter in Rec. ITU-T H.273 | ISO/IEC 23091-2.
When not present, the value of vui_full_range_flag is inferred to be equal to 0.

vui_chroma_loc_info_present_flag equal to 1 specifies that either vui_chroma_sample_loc_type_frame or
both vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_field are present.
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_chroma_sample_loc_type_bottom_field are not present.

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

and

vui_chroma_

sample_loc_type_bottom_field, when present, specify the location of chroma samples as follows:

— If GeneralProgressiveSourceFlag is equal to 1, GenerallnterlacedSourceFlag is equal to 0, and
ChromaFormatldcis equal to 1 (4:2:0 chroma format), vui_chroma_sample_loc_type_frame specifies the

location of chroma samples for both fields of each frame of the CLVS as shown in Figure 1.

— Otherwise, if ChromaFormatldc is equal to 1 (4:2:0 chroma format), vui_chroma_sample_loc_type_top_
field and vui_chroma_sample_loc_type_bottom_field specify the location of chroma samples for each top

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

— Otherwise (ChromaFormatldc is not equal to 1), the values of the syntax elements chroma_sample_loc_
type, vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_field shall be

ignoreg-

Key
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>< top field

Chroma samples, where filled symbols indicate a bottom field sample type and empty symbols indicate a top field

sample type:

L]
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O type 0

O type2

<> type 4
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type 1
type 3

type 5

Figure 1 — Location of chroma samples for top and bottom fields for ChromaFormatldc equal to
1 (4:2:0 chroma format) as a function of vui_chroma_sample_loc_type_top_field and vui_chroma_
sample_loc_type_bottom_field in the range of 0 to 5, inclusive

When ChromaFormatldc is equal to 2 (4:2:2 chroma format), the nominal positions of the chroma samples

are co-site
Figure 2.

see W B ®W B ®& W

Key
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X

X X X X X

X

B B & R’ O®

X

X X X X X

[c

s shown in

X location of luma sample

O location of chroma sample

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

When ChromaFormatldc is equal to 3 (4:4:4 chroma format), the nominal positions of the chroma samples
are such that all array samples are co-sited for all cases of pictures and the nominal locations in a picture are

as shown in Figure 3.
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Figure 3 —

locqtion of luma sample

locdtion of chroma sample

- Nominal vertical andherizontal locations of 4:4:4 luma and chroma samples in a picture

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

When pres
and vui_ch

ent, the values.of vui_chroma_sample_loc_type_frame, vui_chroma_sample_loc_type_top_field
roma_samplé:loc_type_bottom_field shall be in the range of 0 to 6, inclusive.

When Chrd

sample_loc

maFormatldc is equal to 1 and vui_chroma_loc_info_present_flag is equal to 0, v
| type_frame is not present and is inferred to be equal to 6, which indicates that the the

the chroma

ni_chroma_
location of

samiples 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.

NOTE3 InRec.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 O.

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 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
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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.

]

-9

o‘=
B R S

Figure 4 — Location of the top-left chroma sample when ChromaFormatldc is equal to 1 (4:2:0
chroma 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, can belexpressed by
defining two variables HorizontalOffsetC and VerticalOffsetC as a function of ChromaFormat|dc and the
variable CHroma420LocType as given by Table 3, where HorizontalOffsetC is the horizontal (x in Figure 5)
position of|the centre of the top-left chroma sample relative to the centre of thectop-left luma sample in
units of luma samples and VerticalOffsetC is the vertical (y in Figure 5) position-of the centre of|the top-left
chroma sarpple relative to the centre of the top-left luma sample in units of lunia samples.

In a typical|FIR filter design, when ChromaFormatldc is equal to 1 (4:2:0 chtema format) or 2 (4§2:2 chroma
format), HorizontalOffsetC and VerticalOffsetC would serve as the phase offsets for the hor|zontal and
vertical filtpr operations, respectively, for separable downsampling freni4:4:4 chroma format to the chroma
format indicated by ChromaFormatldc.

X,

Figure b — Location of the top:left chroma sample when ChromaFormatldc is equal to [l (4:2:0
chroma format) when Chroma420LocType is equal to 1

Table 3 — Pefinition of HorizontalOffsetC and VerticalOffsetC as a function of ChromaFormatldc and

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

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.
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8 SEI messages

8.1 General

Clause 8 specifies the syntax and semantics for SEI messages.

For SEI messages for which the specified syntax structure is empty, such as the dependent random access
point SEI message, the mere indication that the SEI message is present (e.g., as indicated by a payload
type indicator) is sufficient to convey the associated information (e.g., by indicating that a set of specified

constraints are fulfilled).

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

each particular SEI message.

NOTE

P

ersistence information for SEI messages is summarized in Table 4.

Table 4 — Persistence scope of SEI messages

SEI message

Persistence scope

Filler payload The PU containing the SEI message
User data registered by Rec. ITU-T T.35 Unspecified
User data unregistered Unspecified

Film grain characteristics

Specified by the syntax of the SEI message

Frame packing arrangement

Specified by tHe syntax of the SEI message

Parameter sets inclusion indication

The CLVS containing the SEI message

Decoded picture hash

TheyPU 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 picture associated with the SEI message

Alternative transfer characteristics

The CLVS containing the SEI message

Ambient viewing environment

The CLVS containing the SEI message

Content colour volume

Specified by the syntax of the SEI message

Equirectangular projection

Specified by the syntax of the SEI message

Generalized cubemap.projection

Specified by the syntax of the SEI message

Sphere rotation

Specified by the syntax of the SEI message

Region-wise packing

Specified by the syntax of the SEI message

Omnidirectional viewport

Specified by the syntax of the SEI message

Frdme-field information

The PU containing the SEI message

Sample aspect ratio information

Specified by the syntax of the SEI message

Annotated regions

Specified by the syntax of the SEI message

Scalability dimension information

The CVS containing the SEI message

Multiview acquisition information

The CVS containing the SEI message

Multiview view position

The CVS containing the SEI message

Depth representation information

Specified by the semantics of the SEI message

Alpha channel information

Specified by the syntax of the SEI message

Extended DRAP indication

The picture associated with the SEI message

Display orientation

Specified by the syntax of the SEI message

Colour transform information

Specified by the syntax of the SEI message

Shutter interval information

The CLVS containing the SEI message
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Table 4 (continued)

SEI message Persistence scope

Neural-network post-filter character-

o The CLVS containing the SEI message
istics

Neural-network post-filter activation Specified by the syntax of the SEI message

Phase indication

Specified by the semantics 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 ¢

Hing cpnr‘ifir‘nfinn that cpnr‘ifipc a coded video bitstream with which the SEL messag

os are used.

The values

split into tj

application|
should be ¢
to the first
of value ra
generate SI

these value
in which "c
one of thes
or are man
controlling

Some SEI'm
SEI messag
included in
associated
persistence

8.2 Fille

8.2.1 Fill

of some SEI message syntax elements, including fp_arrangement_id and omni_view
vo sets of value ranges, where the first set is specified as "may be used as determ

set of value ranges. Since different applications might use these IDs having values in
hges for different purposes, particular care should be exercised inthe design of en

5. These IDs having values in the first set of value ranges mightonly be suitable for use
e [Ds having the same value in the first set of value ranges) are unimportant, or n

aged - e.g., defined or managed in the controlling application or transport specific
the environment in which bitstreams are distributed.

essages include a persistency cancel flag in thesyntax. For example, the film grain cha
e includes the fg_characteristics_cancel_flag. Regardless of whether such an SEI
an NAL unit that precedes or succeeds theVCL NAL units of the current picture (i.e.,

established by any previous SEI message of that type in decoding order.
I payload SEI message

er payload SEI message syntax

', and the second set is specified as "reserved for future use by ITU-T | ISQ/IEC". A
hutious of potential “collisions” of the interpretation for values of these syntax element

I messages with these IDs having values in the first set of valde,ranges, and in th
decoders that interpret SEI messages with these IDs. This document do€s/not define any mang

pllisions" of usage (i.e., different definitions of the syntaxfand semantics of an SEI m¢

port_id, are
ned by the
pplications
s belonging
the first set
coders that
e design of
gement for
in contexts
bssage with
pt possible,
htion, or by

fracteristics
message is
the picture

with the SEI message), the current picture associated with the SEI message is not included in the

filler_paylqad( payloadSize )+ D¢scriptor
for( k = P; k < payloadSize; k++)
ff_ byte /* equalto.0xFF */ £f(8)
}
8.2.2 Fillerpayload SEI message semantics

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

ff_byte sha

1l be a byte having the value OxFF.
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data registered by Rec. ITU-T T.35 SEI message

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

user_data_registered_itu_t_t35( payloadSize ) { Descriptor
itu_t_t35_country_code b(8)
if(itu_t_t35_country_code != 0xFF)
i=1
else {
itu_t_t35_country_code_extension_byte b(8)
i=g
}
do {
itul t_t35_payload_byte b(8)
i+H
} while( i < payloadSize )
}
8.3.2 User data registered by Rec. ITU-T T.35 SEI message semantics
This SEI m¢ssage contains user data registered as specified in Reex}TU-T T.35, the contents of which are not

specified in

itu_t_t35_d
Annex A.

itu_t_t35_g
ITU-T T.35:

itu_t_t35_g

The Rec ITY-T T.35 terminal provider code'and terminal provider oriented code shall be containeg

one or mor
the termin
semantics 4

this document.

ountry_code shall be a byte having a value specified as a country code by Rec. ITU-T

ountry_code_extension_byte shall be abyte having a value specified as a country d
2000, Annex B.

ayload_byte shall be a byte contdining data registered as specified in Rec. ITU-T T.3
e bytes of the itu_t_t35_payload_byte, in the format specified by the Administration

h] provider code. Any remaining itu_t_t35_payload_byte data shall be data having
s specified by the entity identified by the Rec ITU-T T.35 country code and terminal pr

T.35:2000,

ode by Rec.

b.

| in the first
that issued
syntax and
vider code.

8.4 Userldata unregistered SEI message
8.4.1 User data unregistered SEI message syntax
user_data_jnregistered( payloadSize ) { D¢scriptor
uuid_iso_iec_11578 (128)
for(i=16; i< payloadSize; i++)
user_data_payload_byte b(8)
}

8.4.2 User data unregistered SEI message semantics

This SEI message contains unregistered user data identified by a universal unique identifier (UUID), the

contents of

which are not specified in this document.

uuid_iso_iec_11578 shall have avalue specified asa UUID according to the procedures of ISO/IEC 11578:1996,

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

8.5 Film grain characteristics SEI message

8.5.1 Film grain characteristics SEI message syntax

film_grain_characteristics( payloadSize ) { Descriptor
fg_characteristics_cancel_flag u(1)
if( !fg_characteristics_cancel_flag ) {
fg_model_id u(2)
fg_sepafate_colour_description_present_flag u(1)
if( fg_separate_colour_description_present_flag) {
fg_bit_depth_luma_minus8 u(3)
fg_bit_depth_chroma_minus8 u(3)
fg_full_range_flag u(1)
fg_colour_primaries u(8)
fg_trgnsfer_characteristics u(8)
fg_matrix_coeffs u(8)
}
fg_blengding_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_minusijc | u(8)
fg_num_model_values_minus1[c] u(3)
for[ i=0;i<=fg_num_intensity;intervals_minusl| c ]; i++) {
fg_intensity_interval_lewer_bound[ c][1i] u(8)
fg_intensity_interval. upper_bound| c][i] u(8)
for(j=0;j <= fg-num_model_values_minusl[ c ]; j++)
fg_comp_meodel_value[ c][i][j] se(v)
]
}
fg_chpracteristics_persistence_flag u(1)
|

}
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8.5.2 Film grain characteristics SEI message semantics
This SEI message provides the decoder with a parameterized model for a film grain synthesis. The film grain
synthesis process should be applied to the decoded pictures prior to their display.

NOTE1 For example, an encoder can use the film grain characteristics SEI message to characterize film grain that
was present in the original source video material and was removed by pre-processing filtering techniques. Synthesis
of simulated film grain on the input images, which could be the decoded pictures or converted from the decoded
pictures, for the display process is optional and does not necessarily exactly follow the specified semantics of the
film grain characteristics SEI message. When synthesis of simulated film grain on the input images for the display
process is performed, there is no requirement that the method by which the synthesis is performed be the same as the
parameterized model for the film grain as provided in the film grain characteristics SEI message.

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

NOTE3 §
characterist

MPTE RDD 5 (2006) specifies a film grain simulator based on the information providedsin t]l\e film grain
ics SEI message.
Use of this PEI message requires the definition of the following variables:

A picture width and picture height in units of luma samples, denoted herein by.BicWidthInLu
and PiqHeightInLumaSamples, respectively.

[maSamples

When
SEIl me

he syntax element fg_separate_colour_description_present_flag-of'the film grain chafracteristics

5sage is equal to 0, the following additional variables:

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

A bit
Chrom
denote

The film gn
to decoded
luma and d
the identifi
video uses
representa

depth for the samples of the luma component{.denoted herein by BitDepthy,
hFormatldcis not equal to 0, a bit depth for the samples of the two associated chroma c
[ herein by BitDepth,.

hin models specified in the film grain characteristics SEI message are expressed for
pictures that have 4:4:4 colour format\ith luma and chroma bit depths correspon
hroma bit depths of the film grain model and use the same colour representation|
ed film grain model. When the colour format of the decoded video is not 4:4:4 or t
h different luma or chroma bit depth from that of the film grain model or uses a diffe
ion domain from that of the identified film grain model, an unspecified conversior

expected t
film grain 1

NOTE4 B
used by the
simulate fily
method not

fg_charact
any previo
characteris

b be applied to convert the decoded pictures to the form that is expressed for applic

hodel.

ecause the use of a specific method is not required for performing the film grain generat
display process, a@decoder could, if desired, down-convert the model information for chrom
h grain for othef chroma formats (4:2:0 or 4:2:2) rather than up-converting the decoded vi
bpecified in this.document) before performing film grain generation.

eristics_cancel_flag equal to 1 indicates that the SEI message cancels the per
s film-grain characteristics SEI message in output order that applies to the currel
tics.cancel_flag equal to 0 indicates that film grain modelling information follows.

and when
bmponents,

application
ding to the
domain as
he decoded
rent colour
process is
htion of the

ion function
h in order to
deo (using a

sistence of
Wt layer. fg_

fg_model_id identifies the film grain simulation model as specified in Table 5. The value of fg_model_id shall
be in the range of 0 to 1, inclusive. The values of 2 and 3 for fg_model_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_model_id equal to 2 or 3.

Table 5 — fg_model_id values

Value Description
0 Frequency filtering
1 Auto-regression
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fg_separate_colour_description_present_flag equal to 1 indicates that a distinct combination of luma
bit depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, and matrix
coefficients for the film grain characteristics specified in the SEI message is present in the film grain
characteristics SEI message syntax. fg_separate_colour_description_present_flag equal to 0 indicates
that the combination of luma bit depth, chroma bit depth, video full range flag, colour primaries, transfer
characteristics, and matrix coefficients for the film grain characteristics specified in the SEl message are the
same as indicated in VUI parameters for the CLVS.

NOTES5  When fg_separate_colour_description_present_flag is equal to 1, any of the luma bit depth, chroma bit
depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients specified for the film
grain characteristics specified in the SEI message could differ from that for the pictures in the CLVS.

When VUI parameters are not present for the CLVS or the value of vui colour descrlptlon present flag is

equal to 0, g

to 1is not

The input image I, which may be the decoded picture or converted from the decoded pidture,

equations ip this subclause is in the same colour representation domain as the simulated film g

Therefore,

[ used in the equations in this subclause would be in a different colour repres¢ntation domaip than that
for the pictiures in the CLVS. For example, when the value of fg_bit_depth_luma) minus8 + 8 is greater than
BitDepthy (ji.e., the bit depth of the luma component of the pictures in the GLVS), the bit depth ¢f the input

image [ used in the equations in this subclause is also greater than BitDepthy: In such a case, the Input image
[ correspornding to an actual decoded picture would be generated by conyverting the actual decofled picture

to be in the same colour representation domain as the the simulatéd film grain signal. The process for
convertinglan actual decoded picture to the 4:4:4 colour format with same colour representation domain as
the the simplated film grain signal is not specified in this docurent.
fg_bit_depth_luma_minus8 plus 8 specifies the bit depthised for the luma component of the film grain
characteristics specified in the SEI message. When fg_bjt .depth_luma_minus8 is not present in the film grain
characterigtics SEI message, the value of fg_bit_depth_luma_minus8 is inferred to be equal to BiDepthy - 8.
The value df fgBitDepth[ 0 ] is derived as follows:

fgBitDepth[ 0 ] = fg_bit_depth_luma_minus8'+ 8 (19)
fg_bit_depth_chroma_minus8 plus 8specifies the bit depth used for the Cb and Cr componentsg of the film
grain chardcteristics specified in the SEI message. When fg_bit_depth_chroma_minus8 is not present in the
film grain ¢haracteristics SEI message, the value of fg_bit_depth_chroma_minus8 is inferred to [be equal to
BitDepth 1 8.
The value (f fgBitDepth|[ c{] for c = 1 and 2 is derived as follows:

fgBitDepth|[ c | = fgLbit_depth_chroma_minus8 + 8, withc=1, 2 (20)
fg_full_range.flag has the same semantics as specified in subclause 7.3 for the vui_full_range |flag syntax
element, except’as follows:

— fg_full_range_flag specifies the video full range flag of the film grain characteristics specified in the 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 of fg_full_
range_flag is inferred to be equal to vui_full_range_flag.

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

— fg_colour_primaries specifies the colour primaries of the film grain characteristics specified in the SEI
message, rather than the colour primaries used for the CLVS.
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— When fg_colour_primaries is not present in the film grain characteristics SEI message, the value of fg_

colour_

primaries is inferred to be equal to vui_colour_primaries.

fg_transfer_characteristics has the same semantics as specified in subclause 7.3 for the vui_transfer_

characteris

tics syntax element, except as follows:

specified in the SEI message, rather than the transfer characteristics used for the CLVS.

of fg_transfer_characteristics is inferred to be equal to vui_transfer_characteristics.

fg_transfer_characteristics specifies the transfer characteristics of the film grain characteristics

When fg_transfer_characteristics is not present in the film grain characteristics SEI message, the value

fg_matrix_coeffs has the same semantics as specified in subclause 7.3 for the vui_matrix_coeffs syntax

element, e

ept as follows:

— fg_mat
messag

When
matrix

The va
pictursg

fg_blendinig_mode_id identifies the blending mode used to blend the{simulated film grain wit
pecified in Table 6. fg_blending_mode_id shall be in the«xtange of 0 to 1, inclusive. The values of

images as s
2 and 3 for
bitstreams
messages W

Depending

If fg_bl
Igrain[ (
Otherv

I

grain[

Rpund(<(}

Fix_coeffs specifies the matrix coefficients of the film grain characteristics specifie
e, rather than the matrix coefficients used for the CLVS.

Ffg_matrix_coeffs is not present in the film grain characteristics SEI message, the
| coeffs is inferred to be equal to vui_matrix_coeffs.

ues allowed for fg_matrix_coeffs are not constrained by the chroma fermat of the deg
s that is indicated by the value of ChromaFormatldc for the semantics of the VUI para

fg_blending_mode_id are reserved for future use by ITU-T | ISO/IEC and shall not b
conforming to this edition of this document. Decodérsshall ignore film grain charac
rith fg_blending_mode_id equal to 2 or 3.

Table 6 — fg_blendingrmode_id values

Value
0
1

Description

Additive
Multiplicative

on the value of fg_blending. .mode_id, the blending mode is specified as follows:

ending_mode_id is equal.to 0, the blending mode is additive as specified by:

IIx1ly] Ilyl+Glclx]ly])

Uise (fg_blending’ mode_id is equal to 1), the blending mode is multiplicative as specif

¢ Il x({y 1 = Clip3( 0, ( 1 << fgBitDepth[ ¢ ] ) - 1, [[c ][ x ][y ]
[cllx][y]*Glc][x][y])+((1<<fgBitDepth[c])-1)))

= Clip3(-03( 1 << fgBitDepth[ c]) - 1, 1[ ¢ ][ x

where I[ ¢

[y

]l in the SEI

yalue of fg_

oded video
meters.

h the input

e present in
teristic SEI

(21)
ed by:

N 4)

] represents the sample value at coordinates x, y of the colour component c

bf the input

image 1, G[

C [ X [y [ 15 the simutated film grain vatue at the same position and cotour com

onent, and

fgBitDepth[ c ] is the number of bits used for each sample in a fixed-length unsigned binary representation of
the arrays Igrain[ cl[xllyl, l[clix]l[y],and G[ c][x ][y ] where c=0..2,x = 0..PicWidthInLumaSamples - 1,
and y = 0..PicHeightInLumaSamples - 1.

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

fg_comp_model_present_flag| c

] equal to 0 indicates that film grain is not modelled on the

c-th colour

component, where c equal to 0 refers to the luma component, c equal to 1 refers to the Cb component, and

c equal to 2 refers to the Cr component. fg_comp_model_present_flag[ c

] equal to 1 indicates that syntax

elements specifying modelling of film grain on colour component c are present in the SEI message.
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When fg_separate_colour_description_present_flag is equal to 0 and ChromaFormatldc is equal to 0, the
value of fg_comp_model_present_flag[1 | and fg_comp_model_present_flag[2 ] shall be equal to 0.

fg_num_intensity_intervals_minus1| c | plus 1 specifies the number of intensity intervals for which a

specific set

NOTE 6

of model values has been estimated.

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

fg_num_model_values_minus1| c | plus 1 specifies the number of model values present for each intensity
interval in which the film grain has been modelled. The value of f{g_num_model_values_minus1[ c | shall be
in the range of 0 to 5, inclusive.

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

the set of m

odel values applies

fg_intensit
the set of m

The variah
intervals s
y = 0..PicH
numApplic

Depending
value [ c][

The va

If fg_m|

Th
I[
Th

su
fol

)

Th

fol

y_interval_upper_bound| c ][ i ] specifies the upper bound of the i-th intensity inferv
odel values applies.

le intensitylntervalldx[ c¢ ][ x ][ v ][ j ] represents the j-th index to)the list q
blected for the sample value I[ ¢ ][ x ][ y ] for ¢ = 0..2, x = 0..PicWidbhInLuma$4
eightInLumaSamples - 1, and j = 0..numApplicablelntensitylntervdls["c ][ x ][ y |
hbleIntensitylntervals[ c ][ x ][ y ] is derived below.

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

riable numApplicablelntensitylntervals| ¢ ][ x ][ y ] is initially set equal to 0.

pdel_id is equal to 0, the following applies:

e top-left sample location ( xB, yB ) of the current 8x8 block b that contains the sampl
C[x][y]isderivedas (xB,yB)=(x/8,%/8).

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

m8x8 =0

(i=0;i<8;i++)

for(j=0;j<8;j++)

sum8x8 += I[c][xB*8+i][yB*8+j]

o = Clip3( 0, 255, (sum8x8 + (1 << (fgBitDepth[c]-3))) >> (fgBitDepth[c]-2]

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

(i=0,j=0;i%= fg_num_intensity_intervals_minusl[ c]; i++)
if( b,y >=fg_intensity_interval_lower_bound[c][i] &&

b,be <= fg_intensity_interval_upper_bound[c][i]) {
intensitylntervalldx[ c][x ][y ][j] =1
j¥

h] for which

f intensity
mples - 1,
- 1, where

the sample

e value

(23)

(24)

[}

nu

;nApplicableIntensitylntervals[ cl[x1[y]=]j

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

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

nu

if(Ig[c][x][y] >= fg_intensity_interval_lower_bound[c][i] &&
Ig[c][x][y] <= fg_intensity_interval_upper_bound[c][i]) {
intensitylntervalldx[ c][x ][y ][j] =1
j++

mApplicablelntensitylntervals[ c ][ x ][y ] =]

8))

(25)

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

function. §
numApplic
generation
intervals.

In the equa
value[ c][s

fg_comp_
intensity i

The value o
as specified

— Iffg_m
inclusiy

Otherw

—2(fgBifDepth[c]-1) to 2(fgBitDepth[c]-1) _ 1, inclusive.

Depending

hbleIntensitylntervals[ ¢ ][ x ][ y ] is greater than 1) will originate multi-generation
grain results from adding the grain computed independently for each of the applica

Fions in the remainder of this subclause, the variable s; in each instance of-the list fg_co
] is the value of intensityIntervalldx[ c ][ x ][ y ][ j ] derived for the sample value I ¢ ]

odel_value[ c ][ i ][ j ] specifies the j-th model value for the colour component c 3
terval. The set of model values has different meaning depending,on the value of fg_m

f fg_comp_model_value[ c][i][]j]is constrained as follows,and could be additionally q
elsewhere in this subclause:

pdel_id is equal to 0, f{g_comp_model_value[ c ][ i][ j{,shall be in the range of 0 to 2fgBit
e.

hise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ j ] shall be in t}

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

If fg_

¢ =0..2} x=0..PicWidthInLumaSamplesy 1, and y = 0..PicHeightInLumaSamples - 1 as specif

c=0..

G[c][x1ly]= (fg_comp=todel value[ c][s;][0]*Q[c][x][y]+
fg_comp_model_value[c}{s; ][5 ] *
Glc-1][x][¥'\)>>fg_log2_scale_factor

If fg_mpdel_id is equal to 0, a freqiéncy filtering model enables simulating the original film g

del_id is equal to 0, a frequency\filtering model enables simulating the original fil

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

where Q[ c | is a twg-dimensional random process generated by filtering 16x16 blocks gaussRv wi
valued elements gaussRv;; generated with a normalized Gaussian distribution (independent and
distributed Gaussian ranciom variable samples with zero mean and unity variance) and where {

e value of
rain. Multi-
le intensity

mp_model_

[ x1[y]

nd the i-th
bdel _id.

onstrained

Depth[c] — 1,

e range of

m grain for
ied by:

rrain for
ied by:

(26)

th random-
identically
he value of
whenc-1

an element|Gihe’= 1 1] x 1] v ] used in the right-hand side of the equation is inferred to be equal to (

is less than 0.

NOTE 7

A normalized Gaussian random variable can be generated from two independent, uniformly distributed

random values over the interval from 0 to 1 (and not equal to 0), denoted as uRv, and uRv, using the Box-Muller

transformation specified by:

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

where m is Archimedes' constant 3.141 592 653 589 793....

(27)

The band-pass filtering of blocks gaussRv can be performed in the discrete cosine transform (DCT) domain

as follows:
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for(y=0;y<16; y++)
for(x=0; x < 16; x++)
if( (x < fg_comp_model_value[ c][ sj ][3] && y <
fg_comp_model_value[ c ][ sj ][4]) | | (28)
x > fg_comp_model_value[ c][sj][1] || y >
fg_comp_model_value[ c ][ sj ][2])
gaussRv[x][y]=0
filteredRv = IDCT16x16( gaussRv )

where IDCT16x16( z ) refers to a unitary inverse discrete cosine transformation (IDCT) operating on a 16x16
matrix argument z as specified by:

IDCT16x16(7z) =r*z* T (29)

where the spiperscript T indicates a matrix transposition and r is the 16x16 matrix with elemeqtsr;; gpecified by:

((iz=0)?1:Sqrt(2)*cos(i*(2*j+1)*n] (30)

I;: =

b 4 32

where 1 is Archimedes' constant 3.141 592 653 589 793....
Q[ c]is formed by the frequency-filtered blocks filteredRv.

NOTE8 (oded model values are based on blocks of size 16x16, but a decoder implementation could us¢ other block
sizes. For edample, decoders implementing the IDCT on 8x8 blocks could down-convert by a factor of tyo the set of
coded mode} values fg_comp_model_value[ c ][ s; ][ i] for i equal to 1.4,

NOTE9  To reduce the degree of visible blocks that result fromi mesaicking the frequency-filtered blocHs filteredRyv,
decoders coyild 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 origingl film grain
forc=0..2, x = 0..PicWidthInLumaSamples - 1xand y = 0..PicHeightInLumaSamples - 1 as sp¢cified by:

Glcllx1[y]=(fg_comp_model_value[ cJ[Sj][0]*n[c][x][y]+
fg_tomp_model_value[ c][ sj ][1] * (Gl c][x-1][y ]+

( (fg_comp_model_value[ c][sj][4}*G[c][x][y-1]) >>

fg_log2_scale_factor ) ) + fg_camp_model_value[ c ][ sj ][3] *

( (fg_comp_model_value[ ¢][;sj ][4] * (G[c][x-1][y-1]+
G[c][x+1][y-11)) >> fg_log2_scale_factor ) + (31
fg_tomp_model_valuefe}[sj][5]* (G[c][x-2][y]+
[ (fg_comp_mogdelvalue[ c ][ sj ][4] * fg_comp_model_value[ c ][ sj ][4] *

Glc][x][w=2]) > (2*fg_log2_scale_factor))) +
fg_comp_model_value[ c][sj][2] *G[c-1][x][y]) >>
fg_log4_scale_factor

where n[ c[[[Z ]y ] is a random value with normalized Gaussian distribution (independent and identically
distributed Galissian random variable samples with zero mean and unity variance for each value of c, x, and
y) and where the value of an element G[ ¢ ][ x ][ y ] used in the right-hand side of the equation is inferred to be
equal to 0 when any of the following conditions are true:

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

fg_comp_model_value[ c ][ i ][ O ] provides the first model value for the model as specified by fg_model_id.
fg_comp_model_value[ ¢ ][ i ][ 0 ] corresponds to the standard deviation of the Gaussian noise term in the
generation functions specified in Formulae 26 through 31.
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fg_comp_model_value[ c ][ i][1 ] provides the second 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][1 ] shall be greater than or equal to 0 and less
than 16.

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

as follows:

Otherwise (fg_model_id is equal to 1), f{g_comp_model_value[ c

If fg_model_id is equal to 0, fg_comp_model_value[ c][1][1 ] is inferred to be equal to 8.

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

J[1][1] is inferred to be equal to 0.

If fg_model_id is equal to 0, fg_comp_model value[ c ][ i ][1 ] indicates the horizontal high cut frequency

to be uped 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 thefirst order spatial
correldtion for neighbouring samples (x-1,y)and (x,y-1).

fg_comp_mpdel_value[ c ][ i ][2 ] provides the third model value for the model as specified by fg_model_id.

When fg_mjodel_id is equal to 0, f{g_comp_model_value[ c ][ i][2 ] shall be greaterithan or equal tp 0 and less

than 16.

When not gresent in the film grain characteristics SEI message, fg_compamedel_value[ c ][ 1][2 ] is inferred

as follows:

— If fg_mpdel_id is equal to 0, fg_comp_model_value[ c ][ i ][2 ] is.inferred to be equal to fg_camp_model_
value[ €][i][1]

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

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

— If fg_mpdel_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.

— Otherwise (fg_model_id is equal to 1), fg~comp_model_value[ c ][ i ][2 ] indicates the colour|correlation
betwegn consecutive colour components.

fg_comp_mpdel_value[ c ][ i ][3 ] provides the fourth model value for the model as specified by fg_model_id.

When fg_mjodel_id is equal to 0, fg_eeamp_model_value[ c ][ i ][3 ] shall be greater than or equal tp 0 and less

than or eqyal to fg_comp_modelwalue[ c ][ i][1].

When not gresent in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i][3 ] is inferred

to be equalfto 0.

fg_comp_mpdel_valtig['c ][ i ][3 ] is interpreted as follows:

— If fg_mpdellid'is equal to 0, fg_comp_model_value[ c ][ i ][3 ] indicates the horizontal low cuf frequency
to be uped.to filter the DCT of a block of 16x16 random values.

correlation for neighbouring samples (x-1,y-1)and (x+1,y-1).

Otherwise (fg_model_id is equal to 1), f{g_comp_model_value[ c ][ i ][3 ] indicates the first order spatial

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

When not present in the film grain characteristics SEI message, fg_comp_model_value[ c

to be equal

to fg_model_id.
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odel_value[ c][i][4 ] is interpreted as follows:

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

modelled grain.

If fg_model_id is equal to 0, fg_comp_model_value[ ¢ ][ i ][4 ] indicates the vertical low cut frequency to

Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][4 ] indicates the aspect ratio of the

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

When not present in the film grain characteristics SEI message, fg_comp_model_value[ c ][ 1 ][5 ] is inferred

to be equal

fg_comp_m

to 0.

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

consec

Otherw

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

fg_charact
for the cury

fg_charactsg
applies to t

fg_characts
appliesto t
order until

— Anew

The bit
A pict

8.6 Frame packing arrangement SEI message

If fg_deel_id is equal to 0, fg_comp_model_value[ c ][ i ][5 ] indicates the colour correlati

that fﬂ{ows the current picture in outputiorder.

itive colour components.

hise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i][5 ] indicates thesecond o

eristics_persistence_flag specifies the persistence of the film graifi)characteristics S
ent layer.

ristics_persistence_flag equal to 0 specifies that the filmgrain characteristics S
he current decoded picture only.

ristics_persistence_flag equal to 1 specifies that the film grain characteristics S
he current decoded picture and persists for all subs&quent pictures of the current lay
one or more of the following conditions are true;

CLVS of the current layer begins.
stream ends.

e in the current layer in an AU assggiated with a film grain characteristics SEI messa

bn between

rder spatial

El message

El message

El message
br in output

be is output

8.6.1 Frqme packing arrangement SEI message syntax
frame_packing_arrangement( payloadSize ) { Déscriptor
fp_arrapgement_id ue(v)
fp_arrapgement_cancel_flag u(1)
if( 'fp_afrangement_cancel_flag ) {
fp_arrangement_type u(7)
fp_quincunx_sampling_flag u(1)
fp_content_interpretation_type u(6)
fp_spatial_flipping_flag u(1)
fp_frameO_flipped_flag u(1)
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) {
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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_upsampled_aspect_ratio_flag u(1)
}
8.6.2 Frqme packing arrangement SEI message semantics
This SEI nlessage informs the decoder that the cropped decoded picture contains samples [of multiple
distinct spatially packed constituent frames that are packed into one frame, or that the output cropped
decoded piftures in output order form a temporal interleaving of alternating fizst and second onstituent
frames, using an indicated frame packing arrangement scheme. This informatién,can be used by the decoder
to appropriately rearrange the samples and process the samples of the constituent frames appropriately for
display or gther purposes (which are outside the scope of this document).
NOTE1  The interpretation of frame_packing_arrangement_type is in alignment with the code point specifications
in Rec. ITU-T H.273 | ISO/IEC 23091-2. However, more values of frame&packing_arrangement_type are|specified in
Rec. ITU-T H.273 | ISO/IEC 23091-2 than are specified for use herein.
This SEI mgssage may be associated with pictures that are either frames or fields (as determined|outside the
scope of this document). The frame packing arrangementof the samples is specified in terms of the sampling

structure of a frame in order to define a frame packing‘drrangement structure that is invariant w

to whether

fp_arrangg
packing ar
inclusive.

Values of f]
determined
to 232 - 2,
arrangeme

fp_arrangg
previous fi
arrangeme

fp_arrangg

a picture is a single field of such a packed fbame or is a complete packed frame.

bment_id contains an identifying number that may be used to identify the usage o
rangement SEI message. The valuef fp_arrangement_id shall be in the range of 0

p_arrangement_id from 0. 40,255, inclusive, and from 512 to 231 - 1, inclusive, may
by the application. Values of fp_arrangement_id from 256 to 511, inclusive, an
inclusive, are reserved for future use by ITU-T | ISO/IEC. Decoders encountering a
ht_id in the range of.256 to 511, inclusive, or in the range of 231 to 232 - 2, inclusive, sh:

tment_cancel_flag equal to 1 indicates that the SEI message cancels the persiste
ame packinglarrangement SEI message in output order that applies to the currer
t_cancel_flag equal to 0 indicates that frame packing arrangement information folloy

tment fype identifies the indicated interpretation of the sample arrays of the outp

rith respect

f the frame
to 232 - 2,

be used as
d from 231
yalue of fp_
11l ignore it.

nce of any
t layer. fp_
vS.

ut cropped

decoded pi

ftureas specified in Table 7.

When fp_arrangement_type is equal to 3 or 4, each component plane of the output cropped decoded picture
contains all samples (when ffi_field_pic_flag is equal to 0) or the samples corresponding to the top or bottom
field (when ffi_field_pic_flag is equal to 1) of the samples of a frame packing arrangement structure.
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Table 7 — Definition of fp_arrangement_type

Value Interpretation

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

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

5 The component planes of the output cropped decoded pictures in output order form a temporal interleav-
ing of alternating first and second constituent frames as illustrated in Figure 11.

NOTE 2  Figure 6 to Figure 10 provide typical examples of rearrangement and upconversion processing for

various packing arrangement schemes. Actual characteristics of the constituent frames are signalled in detail by the
subsequent syntax elements of the frame packing arrangement SEI message. In Figure 6 to Figure 10, an upconversion

processing i
frame. An ex
in missing p,

b performed on each constituent frame to produce frames having the same resolution as thatof
ample of the upsampling method to be applied to a quincunx sampled frame as shown in Figu
psitions with an average of the available spatially neighbouring samples (the average-ofthe

the decoded
e 10 istofill
ralues of the

available samples above, below, to the left and to the right of each sample to be generated). The actual upconversion

process tob

NOTE3 V]
constituent
systemin ug
with the dis

NOTE4 W
within_cvs_

NOTES5 f

All other v3
of bitstrear
other value
contain res

fp_quincunx_sampling_flag equal to 1 indicates that each colour component plane of each

frame is qy
that the col

When fp_a
sampling_f

NOTE6 K
applicable) i

fp_content

b performed, if any, is outside the scope of this document.

Vhen the output time of the samples of constituent frame 0 differs from the-gutput time of th
'rame 1 (i.e., when fp_field_views_flag is equal to 1 or fp_arrangement_type,is equal to 5) an
e presents two views simultaneously, the display time for constituent fitame 0 could be delaye
blay time for constituent frame 1. (The display process is not specified’in this document.)

lag is not expected to be prevalent in industry use of this SEl méSsage.

h_arrangement_type equal to 5 describes a temporal intérleaving process of different views.

|lues of fp_arrangement_type are reserved for. future use by ITU-T | ISO/IEC. Itisar
h conformance that bitstreams conforming to'this edition of this document shall not c
s of fp_arrangement_type. Decoders shallighore frame packing arrangement SEI mg
erved values of fp_arrangement_type.

incunx sampled as illustrated in-Eigure 10 and fp_quincunx_sampling_flag equal to
pur component planes of each:ohstituent frame are not quincunx sampled.

'rangement_type is equal:te’5, it is a requirement of bitstream conformance that fp
ag shall be equal to 0.

or any chroma format' (monochrome, 4:2:0, 4:2:2 or 4:4:4), the luma plane and each chror
5 quincunx sampled-as illustrated in Figure 10 when fp_quincunx_sampling_flag is equal to 1

| interpretation_type indicates the intended interpretation of the constituent

specified i

for future gpecification by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to
of this docpment Decoders shall ignore frame packing arrangement SEI messages that conta
values of fp_eontent_interpretation_type.

Table 8~Values of fp_content_interpretation_type that do not appear in Table 8 a1

e samples of
1 the display
d to coincide

Vhen fp_field_views_flag is equal to 1 or fp_arrangement_type is.equal to 5, the value 0 for fixed_pic_rate_

pquirement
bntain such
ssages that

constituent
0 indicates

| quincunx_

na plane (as

frames as
‘e reserved
this edition
n reserved

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

Table 8 — Definition of fp_content_interpretation_type

Value 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 right view
2 Indicates that the two constituent frames form the right and left views of a stereo view scene, with
frame 0 being associated with the right view and frame 1 being associated with the left view
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NOTE 7  The value 2 for fp_content_interpretation_type is not expected to be prevalent in industry use of this SEI
message. However, the value was specified herein for purposes of completeness.

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

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

— If fp_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_afrangement_type is not equal to 3 or 4, it is a requirement of bitstream conformatce that fp_

spatial_flipping_flag shall be equal to 0. When fp_arrangement_type is not equal to 3 or 4, thé|va
spatial_flipping_flag is reserved for future use by ITU-T | ISO/IEC. When fp_arrangementytype
to 3 or 4, d¢coders 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
constituent frames is flipped.

When fp_spatial_flipping_flag is equal to 1, fp_frame0_flipped_flag equal 0.0 indicates that fra
spatially flipped and frame 1 is spatially flipped and fp_frame0_flipped_flag.€qual to 1 indicates t
is spatially|flipped and frame 1 is not spatially flipped.

When fp_spatial_flipping_flag is equal to 0, it is a requirement of<bitstream conformance that
flipped_flag shall be equal to 0. When fp_spatial_flipping_flagisequal to 0, the value 1 for fp_spati
flag is resefved for future use by ITU-T | ISO/IEC. When fp_spatial_flipping_flag is equal to 0, deq
ignore the yalue of fp_frame0_flipped_flag.

fp_field_views_flag equal to 1 indicates that all picturesiin the current CLVS are coded as fields, 3

particular

a second cd
be equal to
shall ignorég

arity are considered a first constituent.frame and all fields of the opposite parity are
nstituent frame. It is a requirement of bitstream conformance that the fp_field_view
0, the value 1 for fp_field_views_flagis reserved for future use by ITU-T | ISO/IEC ary
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

decoded fr4
the display
frame 1. fp
current deg
frame 0 an
pairing.

When fp_al
of the deco
to be const

ime is constituent frame 0-and the next decoded frame in output order is constituent f
time of the constituent frame 0 should be delayed to coincide with the display time of
| current_frame_is_frame0_flag equal to 0, when fp_arrangement is equal to 5, indica
oded frame is copstituent frame 1 and the previous decoded frame in output order is
1 the display titme of the constituent frame 1 should not be delayed for purposes of s

'rangement_type is not equal to 5, the constituent frame associated with the upper:
Hed frame is considered to be constituent frame 0 and the other constituent frame is
ituent frame 1. When fp_arrangement_type is not equal to 5, it is a requirement o

ue 1 for fp_
s not equal

of the two

me 0 is not
hat frame 0

fp_frame0_
hl_flipping_
oders shall

1l fields of a
considered
s_flag shall
d decoders

the current
rame 1 and
constituent
kes that the
constituent
tereo-view

left sample
considered
bitstream

conformangenthat fp current frame is frame0O 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/
[EC. When fp_arrangement_type is not equal to 5, decoders shall ignore the value of fp_current_frame_is_
frame0_flag.

fp_frameO_self_contained_flag equal to 1 indicates that no inter prediction operations within the
decoding process for the samples of constituent frame 0 of the CLVS refer to samples of any constituent
frame 1. fp_frame0_self_contained_flag equal to 0 indicates that some inter prediction operations within
the decoding process for the samples of constituent frame 0 of the CLVS might or might not refer to samples
of some constituent frame 1. Within a CLVS, the value of fp_frame0_self_contained_flag in all frame packing
arrangement SEI messages shall be the same.

fp_framel_self contained_flag equal to 1 indicates that no inter prediction operations within the
decoding process for the samples of constituent frame 1 of the CLVS refer to samples of any constituent
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frame 0. fp_framel_self_contained_flag equal to 0 indicates that some inter prediction operations within
the decoding process for the samples of constituent frame 1 of the CLVS might or might not refer to samples
of some constituent frame 0. Within a CLVS, the value of fp_framel_self contained_flag in all frame packing
arrangement SEI messages shall be the same.

When fp_quincunx_sampling_flag is equal to 0 and fp_arrangement_type is not equal to 5, two ( %, y )
coordinate pairs are specified to determine the indicated luma sampling grid alignment for constituent
frame 0 and constituent frame 1, relative to the upper left corner of the rectangular area represented by the
samples of the corresponding constituent frame.

NOTE8  The location of chroma samples relative to luma samples could be indicated by the vui_chroma_sample_
loc_type_frame or vui_chroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_field syntax

elements in the VUI parameters, when present.

fp_frameO
constituent

fp_frameO
constituent

fp_framel
constituent

fp_framel
constituent

When fp_q
coordinate

If the (

grid alignment specified as follows:

If f]
pa

Ot

| grid_position_x (when present) specifies the x component of the ( x, y ) coordin
frame 0.

| grid_position_y (when present) specifies the y component of the ( x, y J'\coordin
frame 0.

| grid_position_x (when present) specifies the x component of the(*x; y ) coordin
frame 1.

| grid_position_y (when present) specifies the y component\of‘the ( x, y ) coordin
frame 1.

pincunx_sampling_flag is equal to 0 and fp_arrangenient_type is not equal to 5
pair for each constituent frame is interpreted as follows:

%,y ) coordinate pair for a constituent frame is‘equal to ( 0, 0 ), this indicates a defau

p_arrangement_type is equal to 3, the indicated position is the same as for the (x,y )
r value ( 4, 8), as illustrated in Figure.6:

nerwise (fp_arrangement_type is_€qual to 4), the indicated position is the same as fo

hte pair for

hte pair for

hte pair for

hte pair for

he (x,y)

It sampling

coordinate

" the (x,y)

cogrdinate pair value ( 8, 4), as illustrated in Figure 8.

Hicates that
ified in this

Otherwise, if the ( X, y ) coordinate;pair for a constituent frame is equal to ( 15, 15 ), this in
the sampling grid alignment isunknown or unspecified or specified by other means not spec
documgnt.

ind vertical
ectangular
enth of the
me that are

Otherwise, the x and y elements of the ( %,y ) coordinate pair specify the indicated horizontal
samplihg grid alignment positioning to the right of and below the upper left corner of the 1
area represented by-the corresponding constituent frame, respectively, in units of one sixte
luma sgmple grid Spacing between the samples of the columns and rows of the constituent fra
present in the:decoded frame (prior to any upsampling for display or other purposes).

NOTE9 Thé spatlal locatlon reference 1nformat10n fp frameO grld p051t10n X, fp frameO grld popsition_y, fp_
framel_grid-p6s d : v S pHnrg—ftag is equal to
1 because the spatial allgnment in thlS case is assumed to be such that constltuent frame 0 and constituent frame 1
cover corresponding spatial areas with interleaved quincunx sampling patterns as illustrated in Figure 10.

fp_arrangement_reserved_byte is reserved for future use by ITU-T | ISO/IEC. It is a requirement of
bitstream conformance that the value of fp_arrangement_reserved_byte shall be equal to 0. All other values
of fp_arrangement_reserved_byte are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore the
value of fp_arrangement_reserved_byte.

fp_arrangement_persistence_flag specifies the persistence of the frame packing arrangement SEl message
for the current layer.

fp_arrangement_persistence_flag equal to 0 specifies that the frame packing arrangement SEI message
applies to the current decoded frame only.
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fp_arrangement_persistence_flag equal to 1 specifies that the frame packing arrangement SEI message
applies to the current decoded picture and persists all subsequent pictures of the current layer in output

order until

one or more of the following conditions are true:

— A new CLVS of the current layer begins.

— The bitstream ends.

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

output

that follows the current picture in output order.

fp_upsampled_aspect_ratio_flag equal to 1 indicates that the SAR indicated by the VUI parameters or
the SARI SEI message 1dent1f1es the SAR of the samples after the appllcatlon of an upconversmn process

to produce
fp_upsamp
SARI SEI mpe
NOTE 10 T
picture shape for the packed decoded frame output by a decoder that does not interpret the fradme packing arrangement
SEI messagel When fp_upsampled_aspect_ratio_flag is equal to 1, the SAR produced in eachwup-converted|colour plane
is indicated fo be the same as the SAR indicated in the VUI parameters or the SARI SEI niessage in the exaiples shown
in Figure 6 fo Figure 10. When fp_upsampled_aspect_ratio_flag is equal to 0, the SAR produced in each folour plane
prior to upcgnversion is indicated to be the same as the SAR indicated in the VUI parameters or the SARI|SEI message
in the examples shown in Figure 6 to Figure 10.
X X X X X | X | X|X|X|X|X]|X
X X X X X | X | X|X|X|X|X]|X
X X X X X | X | X|X|X]|X|X]|X
X X X X +| Upconversion X x| x| x|x| x| x|x
o . 7
X X X X processing X | X | X|X|X]|X|X]|X
X X X X X | X | X|X|X|X|X]|X
X X X X X | X | X|X|X]|X|X]X
x| x| xllxlololo]|o X X X X X | X | X|X|X|X|X]|X
X x| x||xj0joj0j0 Saples of colour Upconverted colour
x|x|x||x|o|o|o]|o qoyiponent plane of component fjlane of
xIx|xllxlolololo Side-by-side XDhstituent frame 0 constituent frame 0
—> packing —
X| x| x||x|o]ojo]|o rearrangement
X|X|X||X|]0o]JO|O|O
X[X|X||X|0|O0O|O|O ‘
(o] (o] (o] o oOjojo|Oo|QlO|lO]|O
X|X|X||X|0|lO0O|O]|O ‘
o o o (0] o|o(O0O|O|OQ|lO|0O]|O
Interl¢aved colour ‘0 ° o o ololololdlololo
compofent plane of
a side-hly-side packed o o o ° 5| Upconversion S/ 0lojojojojojojo
2 . 2
decdded frame ?0 o o o processing ojojo|jo|ofjo|oO|O
‘O o o (0] o|0o(O0O|O|OQ|lO|O]|O
‘0 o o o oO|o0jO0|O|OQ|lO]|O]|O
‘0 o o (0] oOj|o0ojO0O|O|Q|O|lO]|O
Samples of colour Upconverted colour
component plane of component glane of

Figure 6

with fp_

constituent frame 1 constituent frame 1

— Flowchart for rearrangement and upconversion of side-by-side packing arrangement
arrangement_type equal to 3, fp_quincunx_sampling_flag equal to 0 and ( x, y ) equal to
(0,0) or (4, 8) for both constituent frames
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X X X X X | X | X|X|X[Xx|Xx]|X
X X X X X | X[ X|X|X[X|X]|X
X X X X X | X | X|X|X[x|Xx]|X
X X X X o | Upconversion XXX x x| x| x|x
) >
X X X X processing X | X | X|X|X]|X]|X|X
X X X X X | X[ X|X|X[x]|x]|X
X X X X X | X | X|X|X[x|Xx]|X
x| xIx|/xlolololo X X X X X | X[ X|X|X[X|X]|X
X|X|Xx|x|o|o|o|oO
Samples of Clolourf Upconverted colour
X|[X|X|X]o]o|o|oO compfment?ane% component plane of
x|x|x|xlolololo Side-by-side constituent frame constituent frame 0
—> packing —
X[ x| X|x|ojojojo rearrangement
X|Xx|x|x|olo|o]|oO
X|X|X||X|]o|lO|O|O
‘0 o o o o|jojo|@Q|/lO|O|O
X|X|X||X|]0]JO|O|O
‘0 [e] o (0] O|l0[QNO|OQ|lO|O|O
Interl¢aved colour ‘ ° ° o o ololbrlololololo
compohent plane of
a side-bly-side packed o o ° ° 5| Upconversion yo40]0]0|0l0j0]0
7 o . 2
decqded frame ‘ [¢] o o o processing olo|lo|o|offo|o|o0O
‘0 o o o ojlo|lo|o|offo|o|o0O
‘0 o o o ojlojo|O0|Q|lO|jO|O
‘O o o (0] ojojo|O0|Q|lO|jO|O

Upconverted colour
component glane of
constituent frame 1

Samples of colour
component plane of
constituent frame 1

Figure 7|— Flowchart for rearrangement and upconversion of side-by-side packing arrapgement
with fp_anrangement_type equal to 3, fp_quincunx_sampling_flag equal to 0, ( x,y ) equalfto (12, 8)
for constituent frame 0 and ( x,y ) equal to (.0, 0 ) or ( 4, 8) for constituent frame|1

X | X | X | X hN¥| x| x| x x| x| x| x| x| x]|x/|x
X | X[ x| x| xf|x|x]|x
X [(XpX| x [ x| x|x|X X | x| x| x|xf|{x|x]|x
- 5| Upconversion WX XXX XX ] XX
z . 7z
XX | X[ x|[x]|x|x|Xx processing x| x| x!IxIxl x| x| x
X | X[ x| x| xf|{x|x]|x
X[X | X | X[X|[X|X|X X | X[ X| X | X| x| x| Xx
I x Ix ks Tx]x!x X | X[ x| x| xf|{x|x]|x
X | X | X||IX|x[x|x]|X
Samples of colour Upconverted colour
XX XXX X|X|X component plane of component glane of
x| x| x x| x| x!x]|x Top-bottom constituent frame 0 constituent frame 0
> packing —
0|0j0oj0jo0ojo]o]|o0 rearrangement
O|lO0O|O||0O|O]|O |04 @
O[O0 | O ||0O]| O] O [\O-0O
olo|lo|o|lo|o|o|oO ojlo|lo|o|offo|o|o0O
o|o|o|lo|ofo,ho|O
ojojo|O0|Q|lO|jO|O
Interl¢aved eolour olololololololo olololololololo
compok h"pl—\v\ £
a top-bottom packed > Upconversion > 0j|ojojojojoj0]|0
decoded frame olo|jojofo|o|oO|O processing o|o|o|lojo|o|0O|O
ojojo|jojo|joj0O0|O
o|joj0ojO0|JO|O|O]|O ojojojo|jofjo|l0O]|O
ojojo|jojo|lO0O|jO|O

Upconverted colour
component plane of
constituent frame 1

Samples of colour
component plane of
constituent frame 1

Figure 8 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement
with fp_arrangement_type equal to 4, fp_quincunx_sampling_flag equal to 0 and ( x, y ) equal to
(0,0) or (8,4) for both constituent frames
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XX [X|X|[X]|x|x]X
X|X[X|X|X|X|x]|X X | X[ X|X|[Xx]|x|x]X
X | X[ X|X|[X]|Xx|x]X
XXX | X|X|X|X]|X Upconversion X X|X|X|X|X|X|X
—> P . >
processing X | X[ X[ X|X|X[X]|X
X|X[X|X|X|X|x]|X X | X[ X|X|[Xx]|x|x]X
XX [X|X|[X]|x|x]X
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Ixlx I x I x x| x!|x X | X[ X|X|[x]|x|x]|X
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Figure 9 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement
with fp_ainrangement_type equal to 4, fp_quincunx_sampling_flag equal to 0, (x,y ) equalfo (8,12)
fqr 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 arrangement
with quincunx sampling (fp_arrangement_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 itype equal to 5)

8.7 Parameter sets inclusion indication SEI message

8.7.1 Parameter sets inclusion indication SEI message syntax

parameter] sets_inclusion_indicatien(payloadSize ) { Descriptor
psii_self_contained_clvs_flag u(1)

8.7.2 Parameter sets-inclusion indication SEI message semantics

This messajge prowvides an indication of whether the CLVS contains all the required NAL units for decoding
the CLVS that is"associated with the SEI message and whether temporal sublayer up-switching within the
CLVS workp Wlthout a need of fetchlng parameter sets from PUs earher in decodlng order than the PU
containing theég re-at-whie : ; ; oes-not contain
all the required NAL umts the NAL units that are not present in the CLVS may be prov1ded externally.

psii_self_contained_clvs_flag equal to 1 indicates that the following restrictions apply:

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

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

— For any picture picB with temporal sublayer identifier equal to tldA and following stsaPicA in
decoding order, picB does not refer to a PPS or an APS that has temporal sublayer identifier equal to

tIdA that precedes the first NAL unit of the PU containing stsaPicA in decoding order.

psii_self_contained_clvs_flag equal to 0 indicates that this property might or might not apply.

8.8 Decoded picture hash SEI message

8.8.1 De

roded picture hash SEI message syntax

decoded_p

icture_hash( payloadSize ) {

Ddscriptor

dph_seil hash_type

u(8)

dph_seil single_component_flag

u(1)

dph_sei| reserved_zero_7bits

u(7)

for( cldy = 0; cldx < ( dph_sei_single_component_flag ? 1 : 3 ); cldx++ )

if(dp

h_sei_hash_type==0)

for

(i=0;i<16;i++)

dph_sei_picture_md5[ cldx ][ i]

b(8)

else if(dph_sei_hash_type==1)

dp

h_sei_picture_crc[ cldx |

u(16)

else if(dph_sei_hash_type==2)

dp

h_sei_picture_checksum| cldx |

u(32)

}

8.8.2 De
This messa

Use of this

— A picture width and pictire height in units of luma samples, denoted herein by PicWidthInLu|

roded picture hash SEI message semantics
pe provides a hash for eachicolour component of the current decoded picture.

bEl message requirge$.the definition of the following variables:

and PiqHeightInLumaSamples, respectively.

imaSamples

— A chroma formatjindicator, denoted herein by ChromaFormatldc, as described in subclause 7%.3.

— A Dbit
Chrom
denote

— For each colour component cldx, an array of samples ComponentSample[ cldx ][ x ][ v ].

depth) for the samples of the luma component, denoted herein by BitDepthy,
hkormatldcis not equal to 0, a bit depth for the samples of the two associated chroma c

and when
bmponents,

d herein by Bltl)epthc.

The variables SubWidthC and SubHeightC are derived from ChromaFormatldc as specified by Table 2.

Prior to computing the hash, the decoded picture data are arranged into one or three strings of bytes called
pictureData[ cldx | of lengths dataLen[ cldx ] as follows:
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for( cldx = 0; cldx < dph_sei_single_component_flag ? 1 : 3; cldx++) {

if( cldx

0){

compWidth|[ cldx ] = PicWidthInLumaSamples
compHeight[ cldx | = PicHeightInLumaSamples
compDepth[ cldx | = BitDepthy,

}els

e{

compWidth|[ cldx ] = PicWidthInLumaSamples / SubWidthC
compHeight[ cldx ] = PicHeightInLumaSamples / SubHeightC
compDepth[ cldx ] = BitDepth,

iLen =0

for(
fq

y = 0; y < compHeight[ cldx ]; y++ ) /* raster scan order */
r(x=0;x < compWidth[ cldx ]; x++) {

(32)

}

datq

}

where Co
a decoded

dph_sei_hg
dph_sei_ha
not be pres
picture hag

dph_sei_si

hash SEI message contains a single-¢olour component. dph_sei_single_component_flag equal to

that the pig
The value g

dph_sei_re
are reserve
edition of {
dph_sei_re;

pictureData[ cldx |[ iLen++ | = ComponentSample[ cldx ][ x ][ y ] & OxFF
if( compDepth[ cldx] > 8)
pictureData[ cldx ][ iLen++ ] = ComponentSample[ cldx [[x][y] >> 8

Len[ cldx ] =iLen

icture.

jsh_type indicates the method used to calculate the checksum as specified in Table ¢
ch_type that are not listed in in Table 9 are reserved fof future use by ITU-T | ISO/IH
ent in payload data conforming to this edition of this document. Decoders shall igng
h 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

ngle_component_flag equal to 1 specifies that the picture associated with the deco

ture associated with.the decoded picture hash SEI message contains three colour c
f dph_sei_single_component_flag shall be equal to ( ChromaFormatldc==0).

served_zero:7bits shall be equal to 0. Values greater than 0 for dph_sei_reserved
d for futufeuse by ITU-T | ISO/IEC and shall not be present in payload data conforr]
his dociment. Decoders conforming to this edition of this document shall ignore t
ervedizero_7bits.

dph_sei_picture_md5[ cldx ][ i ] is the 16-byte MD5 hash of the cldx-th colour component of t

onentSample[ cldx ] is a two-dimensional array of the decoded sample values of a coomponent of

) . Values of
C and shall
re decoded

Hed picture
0 specifies
bmponents.

| zero_7bits
hing to this
he value of

he decoded

picture. The value of dph_sei_picture_md5][ cldx ][ i ] shall be equal to the value of digestVal[ cldx ] obtained
as follows, using the MD5 functions defined in IETF RFC 1321:

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

(33)

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[ cIdx | shall be equal to the value of crcVal[ cldx ] obtained

as follows:
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crc = OxFFFF
pictureData[ cldx ][ dataLen[cldx]]=0
pictureData[ cldx ][ dataLen[cldx]+1]=0
for( bitldx = 0; bitldx < ( dataLen[ cldx ] + 2 ) * 8; bitldx++ ) {
dataByte = pictureData[ cldx ][ bitldx >> 3]
crcMsb=(crc >> 15) &1
bitVal = (dataByte >> (7 - (bitldx& 7)) ) &1
crc=(((crc << 1)+ bitval ) & OxFFFF ) * (crcMsb * 0x1021 )
}

crcVal[ cldx ] = crc

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

(34)

dph_sei_pilcture_checksum[ cldx ] is the checksum of the colour component cldx of the deced
The value df dph_sei_picture_checksum| cldx ] shall be equal to the value of checksumVal[ eldx]

follows:

sum =
for(y 3 0; y < compHeight[ cldx ]; y++)

for(jx = 0; x < compWidth[ cldx ]; x++ ) {
x¢rMask = (x & OxFF ) " (y & OxFF) " (x >> 8) " (y >> 8)

sym = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ cldx{# x | & OxFF ) *

ed picture.
bbtained as

xorMask ) ) & OxFFFFFFFF (35)
if[ compDepth[ cldx] > 8)
sum = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ cldx ] +x] >> 8) "
xorMask ) ) & OxFFFFFFFF
}
checksumVal[ cldx ] = sum
8.9 Mastering display colour volume SEI message
8.9.1 Majstering display colour volume SElinessage syntax
mastering|display_colour_volume( payloadSize ) { D¢scriptor
for(c=0;c<3;c++){
mdcy display_primaries_x[ ‘¢ u(16)
mdcy display_primaries.y]| c ] u(16)
}
mdcv_white_point.x u(16)
mdcv_white_poingt.y u(16)
mdcv_max_display_mastering_luminance u(32)
mdcv_njin/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[ ¢ ], when in the range of 5 to 37 000, inclusive, specifies the normalized x
chromaticity coordinate of the colour primary component ¢ 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 increments
0f 0.00002. When mdcv dlsplay prlmarles x[ c] is not in the range of 5 to 37 000 1nclu51ve the normalized

' ' pTiTT g ' nknown or

unspecified or specified by other means not spec1f1ed in thlS document.

c ], when in the range of 5 to 42 000, inclusive, specifies the nd
y coordinate of the colour primary component c of the mastering display, accor
finition of y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and €IE 15), in

rmalized y
ling to the
increments
normalized
nknown or

mdcv_display_primaries_y[
chromaticif
CIE 1931 d¢
0f 0.00002,
y chromati
unspecified

When mdcv_display_primaries_y[ c ] is not in the range of 5 to 42 000,inclusive, the
city coordinate of the colour primary component c of the mastening display is u
or specified by other means not specified in this document.

| that index
to the blue

For describing mastering displays that use red, green, and blue coloun/primaries, it is suggested
value c¢ eqyal to 0 should correspond to the green primary, c equabto 1 should correspond

primary, ar

mdcv_whifle_point_x, when in the range of 5 to 37 000, inclusive, specifies the normalized x cl

coordinate
in ISO/CIE

d c equal to 2 should correspond to the red colour primary specified in the VUI paran

of the white point of the mastering display, accérding to the CIE 1931 definition of x
11664-1 (see also ISO/CIE 11664-3 and CIE:15), in normalized increments of 0.00

mdcv_whit
of the whit
means not

p_point_x is not in the range of 5 to 37 000,iticlusive, the normalized x chromaticity
e point of the mastering display is indicatéd to be unknown or unspecified or specifi
bpecified in this document.

mdcv_whifle_point_y, when in the range of 5t0 42 000, inclusive, specifies the normalized y cl
coordinate |of the white point of the mastefing display, according to the CIE 1931 definition of y
in ISO/CIE |11664-1 (see also ISO/CIE~11664-3 and CIE 15), in normalized increments of 0.0(
mdcv_whit¢_point_y is not in the range’of 5 to 42 000, inclusive, the normalized y chromaticity|
of the whitg point of the mastering-display is indicated to be unknown or unspecified or specifi
means not $pecified in this docttment.

NOTE1 SMPTE ST 2086 specifies that the normalized x and y chromaticity coordinate values for th
display colour primaries and white point are to be represented with four decimal places. This would
with using yalues of thesyntax elements mdcv_display_primaries_x[ c |, mdcv_display_primaries_y|[ c ],
point_x, andlmdcv_white_point_y, as defined in this document, that are multiples of 5.

NOTE 2
ANSI/CTA 8p1%G uses normallzed (%, y) chromaticity coordinate values of (0,0) for the white point to indi

heters.

hromaticity
hs specified
002. When
coordinate
ed by other

hromaticity
is specified
002. When
coordinate
ed by other

e mastering
correspond
mdcv_white_

n example of the use of values outside the range for which semantics are specified in this docyment is that

cate that the

Whlte pOlnt \.hl UAqul\.u._y TS uul\uuvv I

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.
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NOTE4  Anexample 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 display is to be
specified as a multiple of 0.0001 candelas per square metre, which corresponds to the semantics specified in this
document.

NOTE 6  Anexample of the use of values outside the range for which semantics are specified in this dochment is that
ANSI/CTA 861-G uses the value 0 for the nominal minimum display luminance of the mastering display to |ndicate that
the nominaljminimum display luminance of the mastering display is unknown.

NOTE 7  Another example of the potential use of values outside the range for which sendahtics are spefified in this
document is|that SMPTE ST 2086 indicates that values outside the specified range could\be used to indifate that the
black level gnd contrast of the mastering display have been adjusted using picture line-up generation equipment
(PLUGE).

At the minjmum luminance, the mastering display is considered to haye ,the same nominal chrdmaticity as
the white pjoint.

8.10 Content light level information SEI message

8.10.1 Content light level information SEI message syntax

content_light_level_info( payloadSize ) { Descriptor
clli_npax_content_light_level u(16)
clli_nllax_pic_average_light_level u(16)

}

8.10.2 Content light level information SEI message semantics
This SEI megsage identifies uppetbounds for the nominal target brightness light level of the pictures|of the CLVS.

The informption conveyed(in-this SEI message is intended to be adequate for purposes correspomnding to the
use of CEA B61.3.

The semantics of the content light level information SEI message are defined in relation to the values of
samples in p 4:4:4representation of red, green, and blue colour primary intensities in the linear light domain
for the pictlures-of the CLVS, in units of candelas per square metre. However, this SEI message does not, by
itself, identjify.d 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.

NOTE1 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 Eg, E;, and Eg, the maximum component intensity
is defined as Ey;,, = Max( Eg, Max( Eg, Eg) ). The light level corresponding to the stimulus is then defined as
the CIE 1931 luminance corresponding to equal amplitudes of Ey,, for all three colour primary intensities
for red, green, and blue (with appropriate scaling to reflect the nominal luminance level associated with

© ISO/IEC 2024 - All rights reserved
51


https://iecnorm.com/api/?name=df77cb43bf7ec9059cde2775b5d5f589

ISO/IEC 23002-7:2024(en)

peak white - e.g., ordinarily scaling to associate peak white with 10 000 candelas per square metre when
vui_transfer_characteristics is equal to 16).

NOTE2  Since the maximum value Ey,, is used in this definition at each sample location, rather than a direct
conversion from Ey, 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 ( Ey, E;;, Eg ) triplet.

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

clli_max_content_light_level, when not equal to 0, indicates an upper bound on the maximum light level
among all individual samples in a 4:4:4 representation of red, green, and blue colour primary intensities (in
the linear light domain) for the pictures of the CLVS, in units of candelas per square metre. When equal to 0,

no such upper bound is indicated by clli_max_content_light_level.

clli_max_
light level a
the linear 1
equal to 0,

When the ¥
"letterbox"
picture, the

8.11 Depq

8.11.1 De

(Ic_average_light_level, when not equal to 0, indicates an upper bound on the maxim

mong the samples in a 4:4:4 representation of red, green, and blue colour primary int
ght domain) for any individual picture of the CLVS, in units of candelas pér/square m
o such upper bound is indicated by clli_max_pic_average_light_level.

isually relevant region does not correspond to the entire cropped decoded picture,
encoding of video content with a wide picture aspect ratio within a taller cropp
indicated average should be performed only within the visuallytelevant region.

rndent random access point indication SEI message

pendent random access point indication SEI mé€ssage syntax

lm average
ensities (in
etre. When

such as for
bd decoded

dependent

| rap_indication( payloadSize ) { D¢

scriptor

}

8.11.2 De

The picturg

pendent random access point indication SEI message semantics

associated with a dependent.random access point (DRAP) indication SEI message is

referred to

as a DRAP picture.

The presenge of the DRAP indication SEI message indicates that the constraints on picture order pnd picture
referencing specified in this subclause apply. These constraints can enable a decoder to properly|decode the
DRAP picture and the pictures:that are in the same layer and follow it in both decoding order|and output
order withgut needing to decode any other pictures in the same layer except the associated IRAP picture of
the DRAP plicture.

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

— The DRAPRpicture is a trailing picture.

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

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

The DRAP picture does not include any pictures in the same layer in the active entries of its reference

Any picture that is in the same layer and follows the DRAP picture in both decoding order and output

order does not include, in the active entries of its reference picture lists, any picture that is in the same
layer and precedes the DRAP picture in decoding order or output order, with the exception of the
associated IRAP picture of the DRAP picture.
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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 alternatlve transfer characterlstlcs SEI message prov1des a preferred alternative value for the transfer_

characteri 3 :
SEI messagg is lntended to be used in cases when some value of vui_transfer_ characterlstlcs is p
interpretatjon of the pictures of the CLVS although some other value of vui_transfer_charactér|
also be accgptable for interpretation of the pictures of the CLVS and that other value is provided i
description syntax of the VUI parameters for interpretation by decoders that do not,support int
of the prefe
document)

When an alfernative transfer characteristics SEI message is present for any pi¢ture of a CLVS of
layer and the first picture of the CLVS is an IRAP picture, an alternative transfer characteristics §
shall be pre¢sent for that IRAP picture. The alternative transfer characteyistics SEI message per;
current layer in decoding order from the current picture until the efxd of the CLVS. All alternat
characterigtics SEI messages that apply to the same CLVS shall haye.the same content.

preferred [transfer_characteristics specifies a preferred\“alternative value for the wvi
characterigtics syntax element of the colour description syhtax of the VUI parameters. The se
preferred_fransfer_characteristics are otherwise the same as for the vui_transfer_characteris
element specified in the VUI parameters. When preferred_transfer_characteristics is not equal {
of vui_trangsfer_characteristics indicated in the VUkparameters, decoders should ignore the v
transfer_chfaracteristics indicated in the VUI parameters and instead use the value indicated by
transfer_characteristics.

8.13 Ambiient viewing environment'SEI message

neters. This
referred for
istics could
h the colour
erpretation

rred value (e.g., because the preferred value had not yet been defined in a@'previous edjition of this

W particular
El message
ists for the
ve transfer

hi_transfer_
mantics for
tics syntax
o the value
hlue of vui_
preferred_

8.13.1 Ambient viewing environment SEI message syntax

ambient_viewing_environment( payloadSize ) { Descriptor
ambient_illuminance u(32)
ambient_light_x u(16)
ambieng_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
CIE 1931 definition of x and y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in
normalized increments of 0.00002. The values of ambient_light_x and ambient_light_y shall be in the range
of 0 to 50 0p0:

NOTE For example, the conditions identified in Rec. ITU-R BT.2035 could be expressed using amibient]illuminance
equal to 100 000 with background chromaticity indicating Dys (ambient_light_x equal to 15,635, ambient_light_y
equal to 16 [450), or optionally in some regions, background chromaticity indicating Dg3 (ambient_light_x equal to
14 155, ambljent_light_y equal to 14 855).

8.14 Content colour volume SEI message

8.14.1 Content colour volume SEI message syntax

content_cdlour_volume( payloadSize ) { Dgscriptor

ccv_cangel_flag u(1)

if( !ccv_¢ancel_flag ) {
ccv_p|ersistence_flag u(1)
ccv_pIrimaries_present_flag u(1)
ccv_dlin_luminance_value_present_flag u(1)
ccv_dlax_luminance_value_present_flag u(1)
ccv_alvg_luminance_value_present_flag u(1)
ccv_rpserved_zero_2bits u(2)

if( ccy_primaries_present_flagy
for[c=0;c<3;c++){

¢cv_primaries_x[ ¢ i(32)
¢cv_primaries(y[<] i(32)

}

if( ccy_min_luminance_value_present_flag )

ccy_min_“luminance_value u(32)

if( ccy.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:

set equal to preferred_transfer_characteristics;

transferCharacteristics is set equal to vui_transfer_characteristics.

If an alternative transfer characteristics SEI message is present for the CLVS, transferCharacteristics is

Otherwise, (an alternative transfer characteristics SEI message is not present for the CLVS),

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

defined as unknown or unspecified.

Any of the values of transferCharacteristics, vui_colour_primaries, and vui_matrix_coeffs has a value

The va
The va

ue of vui_transfer_characteristics is equal to 2, 4, or 5.

ue of vui_colour_primaries is equal to 2.

The following applies when converting the signal from a non-linear to a linear representation:

If the Y
electro
the val

ralue of transferCharacteristics is equal to 1, 6, 7, 14, or 15, the Reg\ITU-R BT.188

le of screen luminance for white is set equal to 100 candelas per square metre, the valy

luminance for black is set equal to 0 candelas per square metre, and‘the value of the expad

power

Otherw
optical
repres
per sqy
and the

Otherw
colour
the VU

ccv_cancel
colour voly
indicates th

ccv_persis

ccv_persist
picture onl

ccv_persist
decoded pi
more of the

function is set equal to 2.4.

ise, if the value of transferCharacteristics is equal to 18xthe hybrid log-gamma refere

transfer function specified in Rec. ITU-R BT.2100 sheuld be used to convert the signal

entation, where the value of nominal peak luminance of the display is set equal to 10
are metre, the value of the display luminance fof\black is set equal to 0 candelas per sq
value of system gamma is set equal to 1.2.

Fise (the value of transferCharacteristics.is not equal to 1, 6, 7, 14, 15, or 18) when
volume SEI message is present, the exactinverse of the transfer function specified in
parameters should be used to convért the non-linear signal to a linear representatio

| flag equal to 1 indicates that the SEI message cancels the persistence of any previ
me SEI message in output.erder that applies to the current layer. ccv_cancel_flag
at content colour volume information follows.

fence_flag specifies the persistence of the content colour volume SEI message for the ct

ence_flag equal.to)0 specifies that the content colour volume applies to the curre
.

ence_flagequal to 1 specifies that the content colour volume SEI message applies to

following conditions are true:

b reference

-optical transfer function should be used to convert the signal to its/linear representation, where

e of screen
nent of the

hce electro-
to its linear

0 candelas
Llare metre,

the content
specified in
n.

bus content
equal to 0

rrent layer.

nt decoded

the current

cture and/persists for all subsequent pictures of the current layer in output order yntil one or

A new

CLVS of the current ]nypr hpginc

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[ ¢ ] are present. ccv_primaries_present_flag equal to 0 specifies that the syntax elements ccv_
primaries_x[ c ] and ccv_primaries_y[ c ] are not present.

ccv_min_luminance_value_present_flag equal to 1 specifies that the syntax element ccv_min_luminance_
value is present. ccv_min_luminance_value_present_flag equal to 0 specifies that the syntax element ccv_
min_luminance_value is not present.
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ccv_max_luminance_value_present_flag equal to 1 specifies that the syntax element ccv_max_luminance_
value is present. ccv_max_luminance_value_present_flag equal to 0 specifies that the syntax element ccv_
max_luminance_value is not present.

ccv_avg_luminance_value_present_flag equal to 1 specifies that the syntax element ccv_avg_luminance_
value is present. ccv_avg_luminance_value_present_flag equal to 0 specifies that the syntax element ccv_
avg_luminance_value is not present.

It is a requirement of bitstream conformance that the values of ccv_primaries_present_flag, ccv_min_
luminance_value_present_flag, ccv_max_luminance_value_present_flag, and ccv_avg_luminance_value_
present_flag shall not all be equal to 0.

ccv_reserved_zero_2bits[ i | shall be equal to 0 in bitstreams conforming to this edition of this document.
Other valu — —2bitsH - oders shall
ignore the yalue of reserved_zero_2bits[ i ].

ccv_primaries_x[ c | and ccv_primaries_y[ c | specify the normalized x and y chromaticity doordinates,
respectively, of the colour primary component c of the nominal content colour voluiie, according to the
CIE 1931 definition of x and y as specified in ISO/CIE 11664-1 (see also ISO/CIE #1664-3 and|CIE 15), in
normalized increments of 0.00002. For describing colour volumes that use red, green, and plue colour
primaries, it is suggested that index value c equal to 0 should correspond té)the green primgry, c equal
to 1 should| correspond to the blue primary, and c equal to 2 should correspond to the red coldur primary
specified ir] the VUI parameters.

The values|of ccv_primaries_x[ c ] and ccv_primaries_y[ c ] shall be ithe range of =5 000 000 td 5 000 000,
inclusive.

When ccv_primaries_x[ ¢ ] and ccv_primaries_y[ c | are not-ptesent, they are inferred to be gqual to the
normalized x and y chromaticity coordinates, respectively,Specified by vui_colour_primaries.

ccv_min_lyminance_value specifies the normalized iminimum luminance value, according t¢ CIE 1931,
that is expgcted to be present in the content, wherepyalues are normalized to L, or L. as spedified in the
VUI paramgters according to the indicated transfer characteristics of the signal. The values ¢f ccv_min_
luminance jvalue are in normalized increments f0.0000001.

ccv_max_luminance_value specifies the maximum luminance value, according to CIE 1931, that|is expected
to be presgnt in the content, where values’are normalized to L, or L. as specified in the VUI parameters
according fo the transfer characteristics of the signal. The values of ccv_max_luminance_vplue are in
normalized increments of 0.00000071,

ccv_avg_luminance_value specifies the average luminance value, according to CIE 1931, that |s expected
to be presgnt in the contenf, where values are normalized to L, or L. as specified in the VUI parameters
according fo the transfer.¢haracteristics of the signal. The values of ccv_avg_luminance_value are in
normalized incrementswef'0.0000001.

NOTE Tlhe resulting domain from this conversion process might or might not represent light in a sourfe or display
domain - it fis merely a gamut representation domain rather than necessarily being a representation of actual light
in either thg
luminance_valu

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.

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.
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8.15 Omnidirectional video specific SEI messages

8.15.1 Sample location remapping process

8.15.1.1 G

eneral

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

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

To remap colour sample locations of a region-wise packed picture to a unit sphere, the following ordered
steps are applied:

1.

set of

colour sampling format as necessary when ChromaFormatldc is equal to 1 (4:2:0Chroma f
(4:2:2 dhroma format). This (unspecified) upsampling process should account for.the relative
relationship between the luma and chroma samples as indicated by vui_chroma_sampl
frame, |[vui_chroma_sample_loc_type_top_field, and vui_chroma_sample_lec _type_bottom_f

eleme

If RWPB
locatio
pictursg

If fram
locatio
Otherw

The s3

coordinates relative to the local coordinate axé§,\as specified in subclause 8.15.1.2.

If rotaf
sphere
the glo

The overal
coordinate

For each re

When
pictursg

When
the pic

A regidn-wise packed picture is obtained as the cropped decoded picture by decoding a cod
For purposes of interpretation of chroma samples, the input to the indicated remapping)pr

coded sample values after applying an (unspecified) upsampling conversion pnoeess

ts in the VUI parameters, when present.

is indicated, the sample locations of the region-wise packed‘picture are convertec
hs of the respective projected picture as specified in subclause 8.15.1.4. Otherwise, th
is identical to the region-wise packed picture.

e packing is indicated, the sample locations of thé projected picture are converted
hs of the respective constituent picture of the projected picture, as specified in subclau

ed picture.
bcess is the
to the 4:4:4
brmat) or 2
positioning
e_loc_type_
ield syntax

| to sample
e projected

| to sample
se 8.15.1.5.

ise, the constituent picture of the projected picture is identical to the projected pictufre.

mple locations of a constituent picture,of the projected picture are converted

ion is indicated, the sphere coordinates relative to the local coordinate axes are c
coordinates relative to the globalcoordinate axes, as specified in subclause 8.15.1.3.
bal coordinate axes are identieal’to the local coordinate axes.

process for mapping of\luma sample locations within a region-wise packed pictur
5 relative to the global ceordinate axes is normatively specified in subclause 8.15.1.5.

bion-wise packed-picture corresponding to a decoded picture, the following applies:

hn equirectangwar projection SEI message with erp_cancel_flag equal to 0 that ap
is present;ErpFlag is set equal to 1, and CmpFlag is set equal to 0.

to sphere

nverted to
Otherwise,

e to sphere

plies to the

W generalized cubemap projection SEI message with gcmp_cancel_flag equal to 0 that applies to

fure(is)present, CmpFlag is set equal to 1, and ErpFlag is set equal to 0.

Arn pototions COT s ncocaon vazd Otlhot o linc +

nnnnnnnnn

Ifasp

o I
CIC 1ULAllivIl oLl lubooasb Vvl U liiac CllJlJlle U

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.

If a frame packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 that applies to

the picture is not present, StereoFlag, TopBottomFlag, and SideBySideFlag are all set equal to 0, HorDiv1
is set equal to 1, and VerDiv1 is set equal to 1.

Otherwise, the following applies:

— StereoFlag is set equal to 1.
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— If the value of fp_arrangement_type of the frame packing arrangement SEI message is equal to
3, TopBottomFlag is set equal to 0, SideBySideFlag is set equal to 1, HorDiv1 is set equal to 2 and
VerDiv1 is set equal to 1.

— Otherwise, if the value of fp_arrangement_type of the frame packing arrangement SEI message is
equal to 4, TopBottomFlag is set equal to 1, SideBySideFlag is set equal to 0, HorDiv1 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, HorDiv1 is set equal to
1, and VerDiv1 is set equal to 1.

— If a RWP SEI message with rwp_cancel_flag equal to 0 that applies to the picture is not present,

Region
be equ
cropPi

WisePackingFlag is set equal to 0, and ConstituentPicWidth and ConstituentPic

Height are set to
epPicWidth and

— Otherwise, RegionWisePackingFlag is set equal to 1, and ConstituentPicWidth and ConstituentPicHeight

are set

8.15.1.2 Projection for one sample location

Inputs to this process are:

equal to rwp_proj_picture_width / HorDiv1 and rwp_proj_picture_height / VerDiv1, respectively.

— picturgWidth and pictureHeight, which are the width and height, respectively, of a monoscopjc projected

luma p

cture, in relative projected picture sample units (see sub¢laiise 8.15.5.2), and

— the centre point of a sample location (hPos, vPos) along the harizontal and vertical axes, respectively, in

relativ
Outputs of
— sphere

The project

— IfErpH
— If]

plies:

hPos’ 3
tmpPig

— Ot

hPos’ 3
tmpPid

e projected picture sample units, where hPos and yRés could have non-integer real values.
Lhis process are:
coordinates (¢, 0) for the sample locationin degrees relative to the local coordinate gxes.

ion for a sample location is derived as{ollows:
lag is equal to 1, the following applies:
RegionWisePackingFlag is equal to 0 and erp_guard_band_flag is equal to 1, the following ap-

hPos - erp_left_guard _band_width (36)
Width = pictureWidth - erp_left_guard_band_width - erp_right_guard_band_width
herwise, the following applies:

hPos (37)
(Width'="pictureWidth

— Th

e following applies:

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

(38)

Otherwise (CmpFlag is equal to 1), the outputs are derived by the following ordered steps:

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

to faceWidth and faceHeight.

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

within

a projected picture, and the output is assigned to hPosFace and vPosFace within a projected face.
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Subclause 8.15.1.9 is invoked with hPosFace, vPosFace, faceWidth, and faceHeight, and the output is

assigned to hPosRot and vPosRot.

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

The following applies:

s’ = - (2 *hPosAdj + faceWidth ) + 1

!

- (2 *vPosAdj + faceHeight ) + 1

If gcmp_mapping_function_type is equal to 0, the following applies:

hPos” £ hPos’
vPos”  vPos’

Otherwise, if gcmp_mapping_function_type is equal to 1, the following appliges;

hPos" £ Tan( hPos' * t + 4)
vPos" # Tan( vPos' *t + 4)

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

copffU[ n ] = ( gcmp_function_coeff u[n]+1) + 128

copffV[ n] = ( gcmp_function_coeff v[n]+ 1)+ 128

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

vPps” = vPos’ + (1 + coeffV[n] * (1 - gcmp_function*v_affected_by_u_flag[ n ] * hPos'2
(1-vPos2))

=]

THhe following applies:

if(Jgcmp_face_index[n] == 0) { /* positive x front face */

=1.0
=hPos"”
=vPos"”
} else if( gcmp_face_index[ n{'== 1) { /* negative x back face */
=-1.0
= -vPos"
= -hPos"
} ellse if( gcmp_fagesindex[n] == 2 ) { /* positive z top face */
= -hPos"”
= -vPos?
=1.0
} else iff'gcmp_face_index[ n] == 3){/* negative z bottom face */
ZhPos"
Iy = <yPog”
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 +y%2z2)) *180 + t
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Inputs to this process are:

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

— sphere coordinates (¢4, 64) relative to the local coordinate axes.

Outputs of this process are:

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

The outputs are derived as follows:

b = pyT=186
0=041Tm+180
a=oayfm+180
B=PBqTm~+180
Y=Yqm+180

x;=Cas(¢ ) *Cos(06)
Y1=SiI(g>)*COS(9)

z1 = Sif(

X, = C9
y2 = (d

s(B)*Cos(a)*xy-Cos(B)*Sin(a)*y;+Sin(B)*z,
os(y)*Sin(a)+Sin(y)*Sin(B) *Cos(a)) *x; +

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

Sin

(v)*Cos(B)*z

zo=(Sin(y)*Sin(a)-Cos(y)*Sin(B) *Cos(a) ) *xq +

(S

n(y)*Cos(a)+Cos(y)*Sin(B)*Sin(a)) *y, +

Cop(y) *Cos(B) *z
¢’ =Athn2(y, x,)*180 +
0’ =Asn(z,)*180+m

8.15.1.4 Cpnversion of sample locations for rectangular region-wise packing

Inputs to th

— samplg
sample
the pag

— the wi

is process are:

ked picture,

picturd sample units,

— the width and theheight (packedRegWidth, packedRegHeight) of the packed region, in rela

wise packed piCture sample units, and

— transfdrm type (transformType).

location (x, y) within the padked region, where x and y are in relative region-wise pac
units (see subclause 8.15.5:2), while the sample location is at an integer sample location within

th and the height\projRegWidth, projRegHeight) of the projected region, in relativj

(44)

ked picture

e projected

five region-

Outputs of thisprocessare:

— the centre point of the sample location (hPos, vPos) within the projected region in relative projected

picture sample units, where hPos and vPos could have non-integer real values.

The outputs are derived as follows:

© ISO/IEC 2024 - All rights reserved

60


https://iecnorm.com/api/?name=df77cb43bf7ec9059cde2775b5d5f589

ISO/IEC 23002-7:2024(en)

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

}

if( transformType == 0) {
hPos = horRatio * (x+ 0.5)
vPos = verRatio * (y + 0.5 )

} else if (transformType == 1) {

hPos F horRatio * ( packedRegWidth - x - 0.5)

vPos # verRatio * (y + 0.5)
} else if (| transformType == 2){

hPos F horRatio * ( packedRegWidth - x - 0.5)

vPos F verRatio * ( packedRegHeight -y - 0.5)
} else if (| transformType == 3 ) {

hPos F horRatio * (x+ 0.5)

vPos # verRatio * ( packedRegHeight -y - 0.5)
} else if (| transformType == 4) {

hPos # horRatio * (y + 0.5)

vPos # verRatio * (x + 0.5)
} else if (| transformType == 5) {

hPos # horRatio * (y + 0.5)

vPos # verRatio * ( packedRegWidth - x - 0.5)
} else if ( transformType ==6){

hPos F horRatio * ( packedRegHeight -y - 0.5)

vPos F verRatio * ( packedRegWidth - x - 0.5)
} else if (| transformType == 7 ) {

hPos F horRatio * ( packedRegHeight — y — Q\5 )

vPos F verRatio * (x + 0.5)

}

NOTE Tlhe offsets equal to 0.5 resultifa sampling position that is in the centre point of a sample in pal
sample unitg.

8.15.1.5 Mapping of luma samiple locations within a cropped decoded picture to sphere co
relative to [the global coordinate axes

This subclause specifiesithe mapping of luma sample locations within a cropped decoded pictur
coordinates relativé to the global coordinate axes.

If RegionW]sePackingFlag is equal to 1, the following applies for each packed region n in the r3

(45)

cked picture

brdinates

e to sphere

nge of 0 to

NumPackequegions -1, inclusive:

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

region, the

— 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[

], PackedRegionHeight[ n ],

n
ProjRegionWidth[ n ], ProjRegionHeight[ n ], and TransformType[ n ] as inputs, and the output is

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

When StereoFlag is equal to 0 or TopBottomFlag is equal to 1, and when xProjPictur

e is greater

than or equal to rwp_proj_picture_width, xProjPicture is set equal to xProjPicture - rwp_proj_

picture_width.

When SideBySideFlag is equal to 1, the following applies:

— When ProjRegionLeft[ n]isless than rwp_proj_picture_width / 2 and xProjPictureis 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_wid
xProjPicture is greater than or equal to rwp_proj_picture width, xProjPicture

th / 2 and
is set equal

Sul

to xProjPicture - rwp_proj_picture_width / 2.
yProjPicture is set equal to ProjRegionTop[ n | + vPos.

pclause 8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPicV

Co

pid

yP
Otherwise

sample loc
picture:

xProjP
yProjP

Subclaiise

hstituentPicHeightasinputs, and the outputsindicating the sphere coordinates and the
ture index (for frame-packed stereoscopic video) for the luma sampleJocation (xPac
hckedPicture) belonging to the n-th packed region in the decoded picture.

if RegionWisePackingFlag is equal 0 and CmpFlag is equal to\V, the following appl
htion (X, y) that is not a cubemap projection guard band.sample within the cropp

cture is set equal to x + 0.5.
cture is setequal toy + 0.5.

8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPicW

Constif
picture
decode

Otherwise
sample loc
decoded pi
and only w
Constituen
range of 0 4

xProjP
yProjP

uentPicHeight as inputs, and the outputs‘indicating the sphere coordinates and the
index (for frame-packed stereoscopic video) for the sample location (%, y) within t
d picture.

(RegionWisePackingFlag is equal to 0 and CmpFlag is equal to 0), the following appl
htion (%, y) that is not an equirectangular projection guard band sample within t
Cture, where a sample location (X, y) is an equirectangular projection guard band s3
hen ErpFlag is equal to.1} x is in the range of 0 to erp_left_guard_band_width - 1, i
PicWidth - erp_right_guard_band_width to ConstituentPicWidth - 1, inclusive, and
0 ConstituentPicHeight - 1, inclusive:

cture is set equal to x + 0.5.

cture is;set equal toy + 0.5.

If ErpF
1), pro

agisequal to 0, projPicWidth is set equal to ConstituentPicWidth. Otherwise (ErpFla

Vidth, and
constituent
kedPicture,

es for each
bd decoded

/idth, and
constituent
he cropped

jes for each
he cropped
mple when
hclusive, or
y is in the

b is equal to

PicWidth is set equal to ConstituentPicWidth - ( erp_left_guard_band_width + erp_r

LA U0 P |

1ght_guard_

band

_WTatir -

Subclause 8.15.1.6 is invoked with xProjPicture, yProjPicture, projPicWidth, and ConstituentPicHeight as

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

Inputs to this process are:

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

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

Outputs of this process are:

— sphere
axes, a

when S

The output

1. constit

If o
pid

Ot

coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the globhal
nd

tereoFlag is equal to 1, the index of the constituent picture (constituentPicture)’equa
5 are derived with the following ordered steps:
uentPicture, xProjPicture, and yProjPicture are conditionally set as‘follows:

ProjPicture is greater than or equal to pictureWidth or yProjPi¢ture is greater than
tureHeight, the following applies:

constituentPicture is set equal to 1.

When xProjPicture is greater than or equal(to pictureWidth, xProjPicture
xProjPicture - pictureWidth.

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

nerwise, constituentPicture is set equal to 0.

inputs,
azimut

If
Ro
an

(0]
ele

8.15.1.7 C

and the output is assigned to azimuthLocal, elevationLocal.
hGlobal and elevationGlobal-are set as follows:

RotationFlag is equal to 1, subclause 8.15.1.3 is invoked with azimuthLocal, eley
fationYaw, RotatipfiRitch, and RotationRoll as inputs, and the output is assigned to azi
1 elevationGlobal,

herwise, azimuthGlobal is set equal to azimuthLocal and elevationGlobal is se
vationLecal.

aleulation of the cubemap face size for a projected picture

coordinate

toOorl.

or equal to

is set to

is set to

Subclafise 8.15.1.2 is invoked with pietureWidth, pictureHeight, xProjPicture, and yPrdjPicture as

ationLocal,
muthGlobal

t equal to

Inputs to this process are:

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

Outputs of this process are:

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

The output

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

if( gcmp_packing_type == 0){
if( gcmp_guard_band_flag )
gcmpPicHeight —= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth
faceHeight = gcmpPicHeight / 6
} else if( gcmp_packing type == 1) {
if( gcmp_guard_band_flag)
gcpPicWidth -= 2 * gcmpGuardBandSamples
faceWidth = gcmpPicWidth / 2
faceHeight = gcmpPicHeight / 3
} else if(|gcmp_packing_type == 2){
if( gcmp_guard_band_flag) 46)
gsjlpPiCHeight -= 2 * gcmpGuardBandSamples

faceWidth = gcmpPicWidth / 3
faceHeight = gcmpPicHeight / 2
} else if(|gcmp_packing_type == 3){
if( gcmp_guard_band_flag)
g(‘:‘f}lpPiCWidth -= 2 * gcmpGuardBandSamples

faceWidth = gcmpPicWidth / 6
faceHeight = gcmpPicHeight
} else if(|gcmp_packing_type == 4){
if( gcmp_guard_band_flag)
gcpPicWidth -= 2 * gcmpGuardBandSamples
face\j'idth = gcmpPicWidth / 3
faceHeight = gcmpPicHeight
} else if(| gcmp_packing_type == 5){
if( gcmp_guard_band_flag)
gijlpPiCHeight -= 2 * gcmpGuardBandSamples

faceWidth = gcmpPicWidth
faceHeight = gcmpPicHeight /3
}

The values jof faceWidth and faceHeight are constrained as follows:

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

— When ChremaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma format)|, faceWidth
shall bé amultiple of 4 in units of luma samples.

— Whes

hromakerm i i :2:0-chroms mat)-faceHeight-sha a—tiple of 2 in
units of luma sa

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

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

— Otherwise, the following constraints apply:

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

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

If gcmp_packing_type is equal to 0, gcmpPicHeight shall be a multiple of 6, and gcmpPicWidth shall be

equal t

Otherw
shall b

Otherw
shall b

Otherv
/ 6 sha

Otherw
shall b

Otherw
shall b

8.15.1.8 C
cubemap f

Inputs to th

— samplg
where

faceWi

projectled picture sample units.

Outputs of

the san
units,

The output

b gcmpPicHeight / 6.

ise, if gcmp_packing_type is equal to 1, gcmpPicWidth shall be a multiple of 2 and’gcn
e a multiple of 3, and gcmpPicWidth / 2 shall be equal to gcmpPicHeight / 3.

hise, if gcmp_packing_type is equal to 2, gcmpPicWidth shall be a multiplé of3 and gen
e a multiple of 2, and gcmpPicWidth / 3 shall be equal to gcmpPicHeight/ 2.

ise, if gcmp_packing_type is equal to 3, gcmpPicWidth shall be a multiple of 6, and gcn
1 be equal to gcmpPicHeight.

e equal to gcmpPicHeight.

ise, if gcmp_packing_type is equal to 5, gcmpPicHeight shall be a multiple of 6, and gen
e equal to gcmpPicHeight / 3.

pnversion from a sample location in a projéected picture to a sample location in a
hce

is process are:

location (hPos, vPos) within_the projected picture in relative projected picture sa
hPos and vPos could have nen-integer real values, and

th and faceHeight, whiChyare the width and height, respectively, of the projected face

Fhis process are:

hple location-(hPosFace, vPosFace) within the projected face in relative projected pict
vhere hPosFace and vPosFace could have non-integer real values.

5 are-derived as follows:

ipPicHeight

ipPicHeight

hpPicWidth

Fise,if gcmp_packing_typeisequal to 4, gcmpPicWidth shallbeamultiple of 6,and gcmpRicWidth /3

hpPicWidth

projected

[mple units,

, in relative

ure sample
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gbSize = gcmpGuardBandSamples
tmpHorPos = hPos
tmpVerPos = vPos
if( gcmp_guard_band_flag ) {
if( gcmp_guard_band_boundary_exterior_flag ) {

tmp

HorPos = hPos - gbSize

tmpVerPos = vPos - gbSize

if( gc

mp_packing_type == 0)

tmpVerPos = tmpVerPos < 3 * faceHeight ? tmpVerPos : tmpVerPos - 2 * gbSize

else i

f( gcmp_packing_type == 1)

tmpHorPos = tmpHorPos < faceWidth ? tmpHorPos : tmpHorPos - 2 * gbSize

else i

f( gcmp_packing_type == 2)

t
else

tmpHorPos = tmpHorPos < 3 * faceWidth ? tmpHorPos : tmpHorPos - 2 * gbSize

else

tmpHorPos = tmpHorPos < faceWidth / 2 ? tmpHorPos : tmpHorPos < 2.5 * faceWidth +
gbSize|?
fmpHorPos - gbSize : tmpHorPos - 2 * gbSize

else

tmjpVerPos = tmpVerPos < faceHeight / 2 ? tmpVerPos : tmpVerPos'€.2.5 * faceHeight +
gbSizel’

1
}
w = Flg
h = Flo
hPosF3
vPosF3

8.15.1.9 Rotation of sample locations for a projected cubemap face

Inputs to th

— sample
units,

— faceWi

projectled picture sample wnits.

Outputs of

— the rot]
samplg

The output

VerPos = tmpVerPos < faceHeight ? tmpVerPos : tmpVerPos - 2 * gbSize
f( gcmp_packing_type == 3)

f( gcmp_packing_type == 4)

?

f( gcmp_packing_type == 5)

?
mpVerPos - gbSize : tmpVerPos - 2 * gbSize

or( tmpHorPos + faceWidth )
pr( tmpVerPos + faceHeight )
ce = tmpHorPos - w * faceWidth
ce = tmpVerPos - h * faceHeight

is process are:

location (hPosFace, vPosFace) within the n-th projected face in relative projected pict
vhere hPosFace and vPosFace could have non-integer real values, and

th and faceHeight, which are the width and height, respectively, of the projected face

this process are:

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

5 atederived as follows:

(47)

ure sample

, in relative

ted picture
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if( gcmp_face_rotation[n] == 0){
hPosRot = hPosFace
vPosRot = vPosFace

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

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

} else if( gcmp_face_rotation[n] == 3){
hPosRot = faceHeight - vPosFace
vPosRot = hPosFace

}

8.15.1.10
Inputs to th

— samplsg
units, y

faceWi

Outputs of

— the adjusted sample location (hPosAdj, vPosAdj) within~the n-th projected face in relativ|

picture
The output

leftFac
rightF3
topFac

vhere hPosRot and vPosRot could have non-integer real values, and

th and faceHeight, which are the width and height, respectively,of the projected face
projectied picture sample units.

5 are derived as follows:
eldx={5,3,1,0,0, 1}

eldx = {2, 4, 4,4, 2,2}

botto

hPosAdglj = hPosRot

vPosA
if(n !5
if (3

h

else

h

else

\4

else

\4

r}Faceldx ={3,5,5,5, 3,3}

PosAdj —= faceWidth'/ 2

PosAdj += faceWidth / 2

Adjustment of a sample location for hemisphere cubemap projection

is process are:

location (hPosRot, vPosRot) within the n-th projected face in relativeiprojected pict

his process are:

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

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

j = vPosRot
2)
ce_index[2 ]| = = leftFaceldx|[ face_index[n]] && hPosAdj >= faceWidth / 2)

if( face_index[2-] rightFaceldx[ face_index[ n]] && hPosAdj < faceWidth / 2)

if( face_index[2 | = = topFaceldx[ face_index[ n]] && vPosAdj >= faceHeight / 2)
PosAdj £=)faceHeight / 2

if( face-index[2 | = = bottomFaceldx| face_index| n]] && vPosAdj < faceHeight / 2)
PosAdj += faceHeight / 2

(48)

ure sample

, in relative

e projected

(49)

8.15.2 Equirectangular projection SEI message

8.15.2.1 Equirectangular projection SEI message syntax

equirectangular_projection( payloadSize ) {

Descriptor

erp_cancel_flag

u(1)

if( lerp_cancel_flag) {

erp_persistence_flag

u(1)

erp_guard_band_flag

u(1)
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erp_reserved_zero_2bits u(2)
if(erp_guard_band_flag==1) {
erp_guard_band_type u(3)
erp_left_guard_band_width u(8)
erp_right_guard_band_width u(8)

}

8.15.2.2 Equirectangular projection SEI message semantics

The equirsg
equirectan
sphere coo
from the or
¢ is the azi

Use of this

— A chroma format indicator, denoted herein by ChromaFormatldc, as deseribed in subclause 7.

When an e
projection
different ty

When the
there shoull

A frame pa
effectively

— Theva
The va
The va
The va
The va
The va
The va

The va

ctangular projection SEI message provides information to enable remapping ‘({
bular projection) of the colour samples of the projected pictures onto a sphere coerdin
‘dinates (¢, 0) for use in omnidirectional video applications for which the viewing pe
igin looking outward toward the inside of the sphere. The sphere coordinates are def
muth (longitude, increasing eastward) and 6 is the elevation (latitude, increasing nor

SEl message requires the definition of the following variable:

Juirectangular projection SEI message is present for any(picture of a CLVS, an equil

pe of projection shall be present for any picture of the €LVS.

bAR for a picture is indicated by vui_aspect_rdbio’idc or sari_aspect_ratio_idc grez
d be no equirectangular projection SEI messages applicable for the picture.

'king arrangement SEI message for which all the following conditions are true is refer
hpplicable frame packing arrangement SEI message:

ue of fp_arrangement_cancel_flagis’equal to 0.
ue of fp_arrangement_type is‘egual to 3, 4, or 5.
ue of fp_quincunx_sampling’flag is equal to 0.
ue of fp_spatial_flipping_flag is equal to 0.

ue of fp_field_views_flag is equal to 0.

ue of fp_frame0_grid_position_x is equal to 0.
ue of fpiframe0_grid_position_y is equal to 0.

u€offp_framel_grid_position_x is equal to 0.

hrough an
hte space in
rspective is
ned so that
thward).

.3.

ectangular

SEI message shall be present for the first picture of the €LVS and no SEI message indicating a

ter than 1,

red to as an

The value of fp_framel_grid_position_y is equal to 0.

When a frame packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 that applies
to the picture is present that is not an effectively applicable frame packing arrangement SEI message, an
equirectangular projection SEI message with erp_cancel_flag equal to 0 that applies to the picture shall
not be present. Decoders shall ignore equirectangular projection SEI messages when a frame packing
arrangement SEI message with fp_arrangement_cancel_flag equal to 0 that applies to the picture is present
that is not an effectively applicable frame packing arrangement SEI message.

erp_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous
equirectangular projection SEI message in output order. erp_cancel_flag equal to 0 indicates that
equirectangular projection information follows.
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erp_persistence_flag specifies the persistence of the equirectangular projection SEI message for the
current layer.

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

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

— A new CLVS of the current layer begins.

The bitstream ends.

— A pictyre in the current layer in an AU associated with an equirectangular projection SEI
output|that follows the current picture in output order.

message is

erp_guard| band_flag equal to 1 indicates that the constituent picture contains guard band aregs for which
the sizes arg specified by the syntax elements erp_left_guard_band_width and erp_right_guard_Hand_width.
erp_guard |band_flag equal to 0 indicates that the constituent picture does not centains 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_resery
Other valu
ignore the J

erp_guard

erp_gu
of the

docum

erp_gu
samplg

NOTE e
have been cq

erp_gu

content

the sph

erp_gu

content

erp_gu
treat t}

ed_zero_2bits shall be equal to 0 in bitstreams conforming e’ this edition of this
s for erp_reserved_zero_2bits are reserved for future use by ITU-T | ISO/IEC. Dec
ralue of erp_reserved_zero_2bits.

| band_type indicates the type of the guard bands as follows:

hrd_band_type equal to 0 indicates that the conterit of the guard band in relation to
onstituent picture is unknown or unspecifiedvor specified by other means not spec
ent.

nrd_band_type equal to 1 indicates that the content of the guard band suffices for inte
values at sub-pel sample fractionallocations within the constituent picture.

document.
oders shall

the content
fied in this

rpolation of

rp_guard_band_type equal to 1 could be used when the source boundary samples of a constitluent picture

pied horizontally to the guard band.

hrd_band_type equal to2indicates that the content of the guard band represents act
at a quality that gradually changes from the picture quality of the constituent pictu
erically adjacent region.

hrd_band_type‘equal to 3 indicates that the content of the guard bands represents acf
at a similarlevel of quality as the constituent picture.

hrd_band_type values greater than 3 are reserved for future use by ITU-T | ISO/IEC. De
e vatue of erp_guard_band_type when the value is greater than 3 as equivalent to the

erp_left_gu

ual picture
'e to that of

ual picture

roders shall
value 0.

lent p1cture

in units of luma samples When erp_guard_ band _flag is equal to 0 the value of erp left_guard_band_width
is inferred to be equal to 0. When ChromaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma
format), erp_left_guard_band_width shall be an even number.

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

8.15.3.1 Generalized cubemap projection SEI message syntax

generalized_cubemap_projection( payloadSize ) { Descriptor
gcmp_cancel_flag u(1)
if( !gcmp_cancel_flag ) {
gcmp_persistence_flag u(1)
gcmp_packing_type u(3)
gcmp_mapping_function_type u(2)
for( i pBi<feemppackingtype==4{eemppackingtype==5325-6;
++){
gemp_face_index| i | u(3)
gcnhp_face_rotation[ i] u(2)
if( gcmp_mapping_function_type==2) {
gcmp_function_coeff ufi] u(7)
gcmp_function_u_affected_by_v_flag[i] u(1)
gcmp_function_coeff v[i|] u(7)
gcmp_function_v_affected_by_u_flag[i] u(1)
}
}
gcmp guard_band_flag u(1)
if( gcnp_guard_band_flag ) {
gcﬁlp_guard_band_type u(3)
gc1’pp_guard_band_boundary_exterior_flag u(1)
gcﬂlp_guard_band_samples_minus1 u(4)
}
}
}
8.15.3.2 Generalized cubemap. projection SEI message semantics
The generglized cubemap. projection SEI message provides information to enable remapping|(through a
generalized cubemap projection) of the colour samples of the projected pictures onto a sphere|coordinate
space in sphere coofdinates (¢, 6) for use in omnidirectional video applications for which the viewing
perspectivg is fromithe origin looking outward toward the inside of the sphere. The sphere coor|dinates are
defined so that@ is the azimuth (longitude, increasing eastward) and 6 is the elevation (latitude} increasing
northward).

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

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

When the SAR for a picture is indicated by vui_aspect_ratio_idc or sari_aspect_ratio_idc greater than 1,
there should be no generalized cubemap projection SEI messages applicable for the picture.
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A frame packing arrangement SEI message for which all the following conditions are true is referred to as an
effectively applicable frame packing arrangement SEI message:

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

When a frame packing arrangement SEI message with fp_arrangement_cancel.'flag equal to 0 {

to the pict
generalized
shall not b
packing arf

present that is not an effectively applicable frame packing arrangemeitt SEI message.

When all
projection
Rec. ITU-T
— Theva
The va
The va
The va
The va

gcmp_cang
generalized
cubemap p

gcmp_pers
current lay

gcmp_persi

ue of fp_frame0_grid_position_y is equal to 0.
ue of fp_framel_grid_position_x is equal to 0.

ue of fp_framel_grid_position_y is equal to 0.

ire is present that is not an effectively applicable frame packing arrangement SEI
cubemap projection SEI message with gcmp_cancel_flag equal to 0 that applies to
e present. Decoders shall ignore generalized cubemap projection SEI messages wh
angement SEI message with fp_arrangement_cancel_flageqwual to 0 that applies to th

of the following conditions are true, the fanctionality of the generalized
SEI message is exactly the same as the cubemap projection SEI message spec
1.265 | ISO/IEC 23008-2 and Rec. ITU-T H.2643.ISO/IEC 14496-10:

ue of gcmp_packing_type is equal to 2;

ue of gcmp_mapping_function_type is\equal to O;
ues of gcmp_face_index[ i ] fori fram O to 5, inclusive, are equal to 5, 0, 4, 3, 1 and 2, r¢
ue of gcmp_face_rotation[ iJjis‘equal to O for each value of i in the range of 0 to 5, incl
ue of gcmp_guard_band_flag is equal to 0.

el_flag equal to %.indicates that the SEI message cancels the persistence of an
cubemap projection SEI message in output order. gcmp_cancel_flag equal to 0 ing
rojection information follows.

istence_flag specifies the persistence of the generalized cubemap projection SEI mes
T

sténce_flag equal to 0 specifies that the generalized cubemap projection SEI messag|

hat applies
message, a
the picture
en a frame
e picture is

cubemap
ified in in

e spectively;

lisive;

y previous
licates that

sage for the

e applies to

the current

f‘ﬂf‘f\f‘ﬂ(" pif‘fll?‘ﬂ r\n]y

gcmp_persistence_flag equal to 1 specifies that the generalized cubemap projection SEI message applies to
the current decoded picture and persists all subsequent pictures of the current layer in output order until
one or more of the following conditions are true:

A new CLVS of the current layer begins.

The bitstream ends.

follows the current picture in output order.
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gcmp_packing_type specifies the packing type and the position index of the cubemap packing as specified
in Table 10. When the value of gcmp_packing_type is in the range of 0 to 3, inclusive, cubemap packing with
six faces is used. When gcmp_packing_type is 4 or 5, hemisphere cubemap packing with one full face and
four half faces is used. The value of gcmp_packing_type shall be in the range of 0 to 5, inclusive. Other values
for gcmp_packing_type are reserved for future use by ITU-T | ISO/IEC.

Table 10 — Specification of packing type and position index based on gcmp_packing_type

gcmp_packing_type | Packing type and position index
0
1
2
0
3
4
5
01
1 213
4|5
0 [,1Y2
2
INV4 |5
3 VW1 | 2 (34|05
4 of1| 2 |34
0
1
5 2
3
4
gcmp_mapping_function.type specifies the mapping function used to adjust the sample locations
of the cubpmap projection. gcmp_mapping_function_type equal to 0 specifies that the same mapping
function ag specifiedfor the cubemap projection SEI message in Rec. ITU-T H.265 | ISO/IEC 28008-2 and
Rec. ITU-T |H.264 . ISO/IEC 14496-10 is used. gcmp_mapping_function_type equal to 1 specifies that the
equi-angular mapping function is applied to adjust the sample locations of the projected face, a$ defined in
subclause $.45.1.2. gcmp_mapping_function_type equal to 2 specifies that the coefficients of the mapping

function appliedtoadjustthe sampte focations of the i=tirprojected face are specified by thesymtax elements
gemp_function_coeff_u[ i ], gcmp_function_u_affected_by_v_flag[ i ], gcmp_function_coeff v[ i ], and gcmp_
function_v_affected_by_u_flag[ i ]. The value of gcmp_mapping_function_type shall be in the range of 0 to 2,
inclusive.

gcmp_face_index| i | specifies the face index for position index i in gcmp_packing_type and the relationship
between the global coordinates 3D (X, Y, Z) and the local coordinate 2D (u, v) as specified in subclause 8.15.1.2.

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

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

inclusive.

Otherwise, if gcmp_face_index[2 | is equal to 2 or 3, the value of gcmp_face_index[i] foriequalto 0, 1, 3

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,

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-

gcmp_face_rotation[i ] wise)

When gcm
constraints

If gcmy
be 0 or

Otherv
gemp_f
gecmp_f

Otherv
when g

When gcm
constraintg

— Ifgemy
be 1 or

Otherv
of gcm]
gemp_f

Otherv
when g

0
90
180
270

WIN | =] O

b_packing_type is equal to 4, it is a requirement of bitstream confermance that thee following

apply:

_face_index[2 ] is equal to 0 or 1, the value of gcmp_face_rotatign}i | foriequal to 0, 1,
2.

ise, if gcmp_face_index[2 ] is equal to 2 or 3, when gcmp_face_index[ i ] is equal to 1,
ace_rotation[ i ] shall be 0 or 2, and when gcmp_face_index[ i ] is equal to 0, 4 or 5, 1
ace_rotation[ i ] shall be 1 or 3.

hise, when gcmp_face_index[ i] is equal to 0, théwalue of gcmp_face_rotation[i] shallb
cmp_face_index[ i ] is equal to 1, 2 or 3, the ¥alue of gcmp_face_rotation[ i ] shall be 1

3 or 4 shall

the value of
he value of

b0 or2,and
or 3.

b_packing_type is equal to 5, it is a requirement of bitstream conformance that thie following

apply:

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

Fise, if gcmp_face_indexf2\}is equal to 2 or 3, when gcmp_face_index][ i ] is equal to
h_face_rotation[ i | shall'be 1 or 3, and when gcmp_face_index[ i ] is equal to 0, 4 or 5,
ace_rotation[ i | shallbe 0 or 2.

Fise, when gcmp_face_index|[i]is equal to 0, the value of gcmp_face_rotation[i] shallb
cmp_face_index[ i ] is equal to 1, 2 or 3, the value of gcmp_face_rotation[ i ] shall be 0

gcmp_fun

tion_coeff_u[ i | specifies the coefficient used in the cubemap mapping function of t

the i-th facg¢. Whéngcmp_function_coeff u[ i ] is not present, it is inferred to be equal to 0.

3 or 4 shall

1, the value
the value of

b 1 or 3,and
or 2.

he u-axis of

gemp_fundtion_u_affected_by_v_flag[ i | equal to 1 indicates that the cubemap mapping fun

rtion of the

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

gcmp_function_coeff v| i | specifies the coefficient used in the cubemap mapping function of the v-axis of
the i-th face. When gcmp_function_coeff v[i] is not present, it is inferred to be equal to 0.

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

gcmp_guard_band_flag equal to 0 indicates that the coded picture does not contain guard band areas.
cmp_guard_band_flag equal to 1 indicates that the coded picture contains guard band areas for which the
sizes are specified by the syntax element gcmp_guard_band_samples_minus1.
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gcmp_guard_band_type indicates the type of the guard bands as follows:

gcmp_gual

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
have been copied horizontally or vertically to the guard band.

gcmp_guard_band_type equal to 2 indicates that the content of the guard bands represents ac

a coded face

tual 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 bands represents)ac

fual picture

contenf that is spherically adjacent to the content in the coded face at a similar picturejquality as within

the coded face.

gcmp_guard_band_type values greater than 3 are reserved for future use by ITU-T | ISO/IE
shall teat the value of gcmp_guard_band_type when the value is greater.than 3 as equiv
value 0.

specified ir] Table 12.

C. Decoders
hlent to the

'd_band_boundary_exterior_flag indicates which face boundaries contain guard bands, as
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Table 12 — Specification of guard band boundary location 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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Table 12 (continued)

gcmp_packing_type

gcmp_guard_band_boundary_exterior_flag

Location of guard band

4

P

11

AN

2 |3H4

AN

#
A AT E T SIS

|

44444

444444

o
NS

44444

gcmp_guard_band_samples_minus1 plus 1 specifies the number of guard band samples, in units of luma

samples, uged in the cubemap projected picture. When ChromaFormatldc is equal to 1 (4:2:0 chrd
or 2 (4:2:2 rhroma format), gcmp_guard_band_samples_minus1 plus*I shall correspond to an ey

of luma samples within the cropped decoded picture.

8.15.4 Sphere rotation SEI message

8.15.4.1 Sphere rotation SEI message syntax

ma format)
ren number

sphere_rotjation( payloadSize ) { De¢scriptor
sphere [rotation_cancel_flag u(1)
if( !sphefre_rotation_cancel_flag) {
sphere_rotation_persistence_flag u(1)
sphere_rotation_reserved_zero_6bits u(6)
yaw_rotation i(32)
pitch| rotation i(32)
roll_notation i(32)
}
}
8.15.4.2 Sphererotation SElmessage semantics

The sphere rotation SEI message provides information on rotation angles yaw (a), pitch (), and roll (y) that
are used for conversion between the global coordinate axes and the local coordinate axes.

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

sphere_rotation_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any
previous sphere rotation SEI message in output order. sphere_rotation_cancel_flag equal to 0 indicates that
sphere rotation information follows.
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sphere_rotation_persistence_flag specifies the persistence of the sphere rotation SEI mess
current layer.

age for the

sphere_rotation_persistence_flag equal to 0 specifies that the sphere rotation SEI message applies to the

current decoded picture only.

sphere_rotation_persistence_flag equal to 1 specifies that the sphere rotation SEI message ap
current decoded picture and persists for all subsequent pictures of the current layer in output
one or more of the following conditions are true:

— A new CLVS of the current layer begins.

The bitstream ends.

plies to the
order until

— A pictyre in the current layer in an AU associated with a sphere rotation SEI message is
followd the current picture in output order.

When no omnidirectional video projection is indicated to apply to a picture, e.g., by\dn“equil
projection SEI message with erp_cancel_flag equal to 0 or a generalized cubemap prgjection §
with gcmp|cancel_flag equal to 0 being present in the CLVS that applies to the picture, a sphe
SEI message with sphere_rotation_cancel_flag equal to 0 shall not be present in‘the CLVS that ap
current picfure. Decoders shall ignore sphere rotation SEI messages with sphere/rotation_cance
to 0 for picfures to which no omnidirectional video projection is indicatedde apply.

sphere_rotation_reserved_zero_6bits shall be equal to 0 in bitstreams conforming to this ed
document. Pther values for sphere_rotation_reserved_zero_6bits areréserved for future use by
IEC. Decodgrs shall ignore the value of sphere_rotation_reserved_zero_6bits.

yaw_rotation specifies the value of the yaw rotation angle, inunits of 2716 degrees. The value of y:
shall be in the range of -180 * 216 (i.e., -11 796 480) to 180{* 216 — 1 (i.e,, 11 796 479), inclusive
present, th¢ value of yaw_rotation is inferred to be equal‘to 0.

pitch_rotation specifies the value of the pitch rotation angle, in units of 2716 degrees. The val
rotation shpll be in the range of -90 * 216 (i.e., -5,898 240) to 90 * 216 (i.e., 5 898 240), inclusivg
present, the¢ value of pitch_rotation is inferred to be equal to 0.

roll_rotatipn specifies the value of the rollvotation angle, in units of 2-16 degrees. The value of r

putput that

ectangular
EI message
re rotation
plies to the
|_flag equal

tion of this
TU-T | ISO/

\w_rotation
. When not

e of pitch_
. When not

bll_rotation

shall be in the range of —180 * 216 (i.e.;n&11 796 480) to 180 * 216 - 1 (i.e., 11 796 479), inclusivé. When not
present, th¢ value of roll_rotation is.inférred to be equal to 0.
8.15.5 Region-wise packing SEI message
8.15.5.1 Region-wise packing SEI message syntax
regionwisg_packing()payloadSize ) { Descriptor
rwp_cancel/flag u(1)
if( Irwp canecel_flag) {
rwp_persistence_flag u(1)
rwp_constituent_picture_matching_flag u(1)
rwp_reserved_zero_5bits u(5)
rwp_num_packed_regions u(8)
rwp_proj_picture_width u(32)
rwp_proj_picture_height u(32)
rwp_packed_picture_width u(16)
rwp_packed_picture_height u(16)
for(i=0;i<rwp_num_packed_regions; i++ ) {
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rwp_reserved_zero_4bits[ i ] u(4)
rwp_transform_type|i] u(3)
rwp_guard_band_flag[i ] u(1)
rwp_proj_region_width[ i ] u(32)
rwp_proj_region_height[i ] u(32)
rwp_proj_region_top[i] u(32)
rwp_proj_region_left[ i ] u(32)
rwp_packed_region_width[ i ] u(16)
rwp_packed_region_height][ i ] u(16)
rwp_packed region top[i] u(16)
rwp_packed_region_left[i ] u(16)
if( fwp_guard_band_flag[i]) {
rwp_left_guard_band_width][ i | u(8)
rwp_right_guard_band_width][ i ] u(8)
rwp_top_guard_band_height[ i | u(8)
rwp_bottom_guard_band_height][ i ] u(8)
rwp_guard_band_not_used_for_pred_flag| i | u(1)
for(j=0;j<4;j++)
rwp_guard_band_type[i][]] u(3)
rwp_guard_band_reserved_zero_3bits[ i | u(3)
}
}
}
}
8.15.5.2 Region-wise packing SEI message\semantics
The RWP SEI message provides informatjior to enable remapping of the colour samples of the cropped decoded
pictures onfo projected pictures as well’as information on the location and size of the guard bands, if any.
Use of this PEI message requires the definition of the following variable:
— A chroma format indicator, denoted herein by ChromaFormatldc, as described in subclause 7%.3.
rwp_cancel_flag equalto 1 indicates that the SEI message cancels the persistence of any previops RWP SEI
message injoutput order. rwp_cancel_flag equal to 0 indicates that RWP information follows.
rwp_persistence.flag specifies the persistence of the RWP SEI message for the current layer.
rwp_persistence_flag equal to 0 specifies that the RWP SEI message applies to the current decoded picture only.

rwp_persistence_flag equal to 1 specifies that the RWP 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 bit

stream ends.

— A picture in the current layer in an AU associated with a RWP SEI message is output that follows the
current picture in output order.
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When no omnidirectional video projection is indicated to apply to a picture, e.g., by an equirectangular
projection SEI message with erp_cancel_flag equal to 0 or a generalized cubemap projection SEI message
with gcmp_cancel_flag equal to 0 being present in the CLVS that applies to the current picture, a RWP SEI
message with rwp_cancel_flag equal to 0 shall not be present in the CLVS that applies to the picture. Decoders
shall ignore RWP SEI messages with rwp_cancel_flag equal to O for pictures to which no omnidirectional
video projection is indicated to apply.

When an equirectangular projection SEI message with erp_cancel_flag equal to 0 and erp_guard_band_flag
equal to 1 is present in the CLVS that applies to the current picture, a RWP SEI message with rwp_cancel_
flag equal to 0 shall not be present in the CLVS that applies to the current picture.

When a generalized cubemap projection SEI message with gmcp_cancel_flag equal to 0 is present in the
CLVS that applies to the current picture and precedes the RWP SEI message in decoding order, a RWP SEI
message w{tlh TWp_cancet_flag equal to U shatt ot be present i the CLVS that appiies to the curfent picture
unless all the following conditions are true for the generalized cubemap projection SEI message:

The va

ue of gcmp_packing_type is equal to 2;
The va

The va
The va

For the fra
applies to t
to the curr
the frame

If a frame {
type equal
picture, th
equal to 0,

Stereol

When
Templ

When
Temply

When t
SideBy

rwp_const

ues of gcmp_face_index[ i ] forifrom 0 to 5, inclusive, are equal to 5, 0, 4,3,1 and 2, r¢
ue of gcmp_face_rotation[ i ] is equal to O for each value of i in the range of 0 to 5, incl
ue of gcmp_guard_band_flag is equal to 0.

ne packing arrangement scheme indicated by a frame packing arrangement SEI m
he current picture, if a RWP SEI message with rwp_cancel-flag equal to 0 is present
bnt picture, the frame packing arrangement scheme applies to the projected picture
acking arrangement scheme applies to the cropped‘decoded picture.

acking arrangement SEI message with fp_arrangement_cancel_flag equal to 0, fp_ar
to 3, 4, or 5, and fp_quincunx_sampling_flag.equal to 0 is not present that applies to
e variables StereoFlag, TopBottomFlag, SideBySideFlag, and TemplnterleavingFlag

‘lag is set equal to 1.

the fp_arrangement_type is equal to 3, SideBySideFlag is set equal to 1, TopBottc
the fp_arrangement_type is equal to 4, TopBottomFlag is set equal to 1, SideBySi
he fp_arrangement_type is equal to 5, TemplInterleavingFlag is set equal to 1, TopBott

SideFlag are both set equal to 0, HorDiv1 and VerDiv1 are both set equal to 1.

ituent_picture_matching_flag equal to 1 specifies that the projected region i

packed reg|

each constituent picture and that the packed picture and the projected picture have the same s

!

frame packling format indicated by the frame packing arrangement SEI message. rwp_constitue

ion information, and guard band region information in this SEI message apply ind

e spectively;

lisive;

essage that
hat applies
otherwise,

fangement_
the current
are all set

he variables HorDiv1 and VerDiv1 are béth set equal to 1. Otherwise the following aplplies:

mFlag and

terleavingFlag are both set'équal to 0, HorDiv1 is set equal to 2 and VerDiv1 is set eqyal to 1.

deFlag and

terleavingFlag are both set equal to 0, HorDiv1 is set equal to 1 and VerDiv1 is set eqtial to 2.

bmFlag and

nformation,
vidually to
Lereoscopic

nt_picture_

matching_flag equal To U specifies that the projected region information, packed region information, and
guard band region information in this SEI message apply to the projected picture.

When either of the following conditions is true, the value of rwp_constituent_picture_matching_flag shall be

equal to 0:

StereoFlag is equal to 0.

— StereoFlagis equal to 1 and fp_arrangement_type is equal to 5.

rwp_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this edition of this document.
Other values for rwp_reserved_zero_56bits[ i | are reserved for future use by ITU-T | ISO/IEC. Decoders
shall ignore the value of rwp_reserved_zero_5bits[ i ].
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rwp_num_packed_regions specifies the number of packed regions when rwp_constituent_picture_
matching_flag is equal to 0. The value of rwp_num_packed_regions shall be greater than 0. When rwp_
constituent_picture_matching_flag is equal to 1, the total number of packed regions is equal to rwp_num_
packed_regions * 2, and the information in each entry of the loop of rwp_num_packed_regions entries
applies to each constituent picture of the projected picture and the packed picture.

rwp_proj_picture_width and rwp_proj_picture_height specify the width and height, respectively, of the
projected picture, in relative projected picture sample units.

NOTE1 Relative project picture sample unit is the unit used for the width or height of a projected picture
or projected region. When a projected picture is a region-wise packed picture (i.e., there is a one-to-one mapping
between the projected picture samples and the region-wise packed picture samples and a relative project picture
sample unit is equivalent to a relative region-wise packed picture sample unit), rwp_proj_picture_width and rwp_

proj_pictur

hpighf would - have such values that rwp. prnj pir‘hlro width is an infpgnr mn]h'pla of rrnppicwidth and

rwp_proj_pi
and height, 1

The values

cture_height is an integer multiple of cropPicHeight, where cropPicWidth and cropPicHeight,a
espectively, of the cropped decoded picture, in units of luma samples.

of rwp_proj_picture_width and rwp_proj_picture_height shall both be greatér than 0,

rwp_packed_picture_width and rwp_packed_picture_height specify the width-and height, r

of the pack

The values

ed picture, in relative region-wise packed picture sample units.

of rwp_packed_picture_width and rwp_packed_picture_height shall both be greater t

[t is a requ
height sh

al
rwp_packe
are the wi

rwp_reser
Other valug
ignore the J

rwp_trans
remap to t
rotation ap

irement of bitstream conformance that rwp_packed_picture width and rwp_pack
have such values that rwp_packed_picture_width is an“integer multiple of cropPi
_picture_height is an integer multiple of cropPicHeight;,where cropPicWidth and cr¢
h and height, respectively, of the cropped decoded picture, in units of luma samples.

ved_zero_4bits| i ] shall be equal to 0 in bitstreams conforming to this edition of this
s for rwp_reserved_zero_4bits[ i | are reserved-for future use by ITU-T | I[SO/IEC. Deg
Falue of rwp_reserved_zero_4bits[ i ].

form_type| i | specifies the rotation and mirroring to be applied to the i-th packe
he i-th projected region. When rwpstransform_type[ i | specifies both rotation and
plies before mirroring. The values\of rwp_transform_type| i] are specified in Table 1!

re the width

bspectively,

han 0.

bd_picture_
tWidth and
pPicHeight

document.
oders shall

d region to
mirroring,
B.

Table 13— rwp_transform_type[i] values

Value Description

no transform

mirroring horizontally

rotation by 180 degrees (anticlockwise)

rotation by 180 degrees (anticlockwise) before mirroring horizontally

rotation by 90 degrees (anticlockwise) before mirroring horizontally

rotation by 90 degrees (anticlockwise)

rotation by 270 degrees (anticlockwise) before mirroring horizontally

Ny || b jw | N |-

rotation by 270 degrees (anticlockwise)

rwp_guard_band_flag][ i | equal to 0 specifies that the i-th packed region does not have a guard band. rwp_
guard_band_flag[i] equal to 1 specifies that the i-th packed region has a guard band.

rwp_proj_region_width[ i ], rwp_proj_region_height[ i ], rwp_proj_region_top[ i | and rwp_proj_
region_left[ i | specify the width, height, top sample row, and the left-most sample column, respectively, of
the i-th projected region, either within the projected picture (when rwp_constituent_picture_matching_flag
is equal to 0) or within the constituent picture of the projected picture (when rwp_constituent_picture_
matching_flag is equal to 1).
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rwp_proj_region_width[ i ], rwp_proj_region_height[ i |, rwp_proj_region_top[ i ], and rwp_proj_region_
left[ i ] are indicated in relative projected picture sample units.

NOTE 2  Two projected regions could partially or entirely overlap with each other.

rwp_packed_region_width|[ i ], rwp_packed_region_height][ i ], rwp_packed_region_top[ i ], and
rwp_packed_region_left[ i | specify the width, height, the top luma sample row, and the left-most luma
sample column, respectively, of the packed region, either within the region-wise packed picture (when
rwp_constituent_picture_matching_flag is equal to 0) or within each constituent picture of the region-wise
packed picture (when rwp_constituent_picture_matching_flag is equal to 1).

rwp_packed_region_width[ i ], rwp_packed_region_height[ i ], rwp_packed_region_top[i], and rwp_packed_

region_left] i ] are indicated in relative region-wise packed picture sample units. rwp_packed_region_

width][ i ], iwp—ps d—region—heis —EWPPa d—resion—topHtandrwp—packed—regiondeft| i | shall
represent integer horizontal and vertical coordinates of luma sample units within the cropped decoded
pictures.

NOTE 3 o packed regions could partially or entirely overlap with each other.

rwp_left_guard_band_width[ i | specifies the width of the guard band on the left-side of the
region in rglative region-wise packed picture sample units. When ChromaFermatldc is equal
chroma forjmat) or 2 (4:2:2 chroma format), rwp_left_guard_band_width[ ], shall correspond
number of Juma samples within the cropped decoded picture.

rwp_right|guard_band_width] i | specifies the width of the guard hand on the right side of the
region in relative region-wise packed picture sample units. When‘ChromaFormatldc is equal
chroma forjmat) or 2 (4:2:2 chroma format), rwp_right_guard_band_width[ i ] shall correspond
number of Juma samples within the cropped decoded picture,

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

i-th packed
to 1 (4:2:0
to an even

i-th packed
to 1 (4:2:0
to an even

d region in
P:0 chroma
within the

rked region
2:0 chroma

hard_band_
er than 0.

ked region

e shall not
ified by the

rwp_guard_band_not_used_for_pred_flag| i | equal to 0 specifies that the guard bands might or might not
be used in the inter prediction process. rwp_guard_band_not_used_for_pred_flag[ i | equal to 1 specifies
that the sample values of the guard bands are not used in the inter prediction process.

NOTE4  When rwp_guard_band_not_used_for_pred_flag[ i ] is equal to 1, the sample values within guard bands in
cropped decoded pictures could be rewritten even if the cropped decoded pictures were used as references for inter
prediction of subsequent pictures to be decoded. For example, the content of a packed region could be seamlessly
expanded to its guard band with decoded and re-projected samples of another packed region.
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rwp_guard_band_type[ i ][ j ] indicates the type of the guard bands for the i-th packed region as follows,
with j equal to 0, 1, 2, or 3 indicating that the semantics apply to the left, right, top, or bottom edge,
respectively, of the packed region:

— rwp_guard_band_type[i][j ] equal to 0 indicates that the content of the guard bands in relation to the
content of the packed regions is unknown or unspecified or specified by other means not specified in this
document. When rwp_guard_band_not_used_for_pred_flag[ i ] is equal to 0, rwp_guard_band_type[ i ]
[j] shall not be equal to 0.

rwp_guard_band_type[ i ][ j ] equal to 1 indicates that the content of the guard bands suffices for

interpolation of sample values at sub-pel sample fractional locations within the packed region and less
than one sample outside of the boundary of the packed region.

NOTE 5

'

PP TR A tzmal 21021 ao ol 1 ool d b cad csban tbh o b oo dosy oo

been copied

— rwp_ghard_band_type[i][]j] equal to 2 indicates that the content of the guard bands repres

picture
the pag
of the s

picture
packed

rwp_guiard_band_type[i][j] equal to 3 indicates that the content of the-gudrd bands repres
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horizontally or vertically to the guard band.

content that is spherically adjacent to the content in the packed region and\is on th
ked region at quality that gradually changes from the picture quality of the packed re
pherically adjacent packed region.

content that is spherically adjacent to the content in the packed@egion and is on the sy
region at a similar picture quality as within the packed regjon,

rwp_guard_band_reserved_zero_3bits[ i ] shall be equalto 0 in bitstreams conforming to thi

rwp_gihiard_band_type[ i ][ j ] values greater than 3 are reserved for future use by ITU-1
Decoddgrs shall treat the value of rwp_guard_band_type[ i J[)j ] when the value is greate
equivalent to the value 0.

region have

ents actual
b surface of
gion to that

ents actual
rface of the

' | ISO/IEC.
r than 3 as

s edition of

1,

this documlent. Other values for rwp_guard_band_reserved_zero_3bits[ i | are reserved for fufure use by
ITU-T | ISOJIEC. Decoders shall ignore the value of rwp_guard_band_reserved_zero_3bits[ i ].
The variables NumPackedRegions, PackedRegionLeft[ n |, PackedRegionTop[ n ], PackedRegionWidth[ n
PackedReglonHeight[ n ], ProjRegionLeft[ n |, RtojRegionTop[ n |, ProjRegionWidth[ n ], ProjRegionHeight[ n ],
and TranstrmType[ n | are derived as follows:
— Forn in the range of 0 to rwp_numypacked_regions - 1, inclusive, the following applies:

— PatkedRegionLeft[ n ] is setequal to rwp_packed_region_left[ n ].

— PagkedRegionTop[ n{is set equal to rwp_packed_region_top[ n ].

— PatkedRegionWidth[ n ] is set equal to rwp_packed_region_width[ n ].

— PagkedRegionHeight[ n ] is set equal to rwp_packed_region_height[ n ].

— ProjRegionLeft[ n ] is set equal to rwp_proj_region_left[ n ].

— ProjRégionTop[ n | is set equal to rwp_proj_region_top[n |

If rwp_

ProjRegionWidth[ n ] is set equal to rwp_proj_region_width[ n
ProjRegionHeight[ n | is set equal to rwp_proj_region_height[ n

TransformType[ n ] is set equal to rwp_transform_type[ n

].
.
1.

constituent_picture_matching_flag is equal to 0, the following applies:

— NumPackedRegions is set equal to rwp_num_packed_regions.

Otherwise (rwp_constituent_picture_matching_flag is equal to 1), the following applies:

— NumPackedRegions is set equal to 2 * rwp_num_packed_regions.
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— When TopBottomFlag is equal to 1, the following applies:

projLeftOffset and packedLeftOffset are both set equal to 0.

— projTopOffset is set equal to rwp_proj_picture_height / 2 and packedTopOffset is set equal to

rwp_packed_picture_height / 2.

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

— projLeftOffset is set equal to rwp_proj_picture_width / 2 and packedLeftOffset is set equal to

— Fof T in the range of NUmMPackedRegions 0 NumPackedRegions — 1, INCIUSIVE,
applies:

For each va
ProjRegion

— ProjRe
— ProjRe
— ProjRe
— ProjRe

— If Projj
ProjRe
sum of

rwp_packed_picture_width / 2.
projTopOffset and packedTopOffset are both set equal to 0.

nldx is set equal to n - NumPackedRegions / 2.

PackedRegionTop[ n ] is set equal to rwp_packed_region_top[ nldx] +packedTopOff
PackedRegionWidth[ n ] is set equal to rwp_packed_region_width| nldx ].
PackedRegionHeight[ n ] is set equal to rwp_packed_region_height[ nldx ].
ProjRegionLeft[ n ] is set equal to rwp_proj_region_left] nldx | + projLeftOffset.
ProjRegionTop[ n ] is set equal to rwp_proj_regiony top[ nldx | + projTopOffset.
ProjRegionWidth[ n ] is set equal to rwp_projaregion_width[ nldx ].
ProjRegionHeight[ n | is set equal to rwpZproj_region_height[ nldx |.
TransformType[ n ] is set equal to rwp_transform_type[ nldx ].

lue of n in the range of 0 to NumPackedRegions - 1, inclusive, the values of ProjRegio
Height[ n ], ProjRegionTop| n Jiand ProjRegionLeft[ n | are constrained as follows:

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

bionHeight[ n | shalltbein the range of 1 to rwp_proj_picture_height, inclusive.
bionLeft[ n ] shallbe in the range of 0 to rwp_proj_picture_width - 1, inclusive.
bionTop[ n{shall be in the range of 0 to rwp_proj_picture_height - 1, inclusive.

YegionTop]{ n | is less than rwp_proj_picture_height / VerDiv1, the sum of ProjRegion
bionHeight[ n ] shall be less than or equal to rwp_proj_picture_height / VerDiv1. Oth
RrojRegionTop[ n ] and ProjRegionHeight[ n ] shall be less than or equal to rwp_pi

following

PackedRegionLeft[ n ] is set equal to rwp_packed_region_left[ nldx ] + packedLeftOffset.

set.

h\Width[ n |,

lop[ n ] and
erwise, the
0j_picture_

height /Verbivi*2:

For each value of n in the range of 0 to NumPackedRegions - 1, inclusive, the values of PackedRegionWidth[ n ],
PackedRegionHeight[ n |, PackedRegionTop[ n |, and PackedRegionLeft[ n ] are constrained as follows:

— Packed

RegionWidth[ n ] shall be in the range of 1 to rwp_packed_picture_width, inclusive.

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

— Packed
— Packed

RegionLeft[ n ] shall be in the range of 0 to rwp_packed_picture_width - 1, inclusive.

RegionTop[ n ] shall be in the range of 0 to rwp_packed_picture_height - 1, inclusive.
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IfPackedRegionLeft[n]islessthanrwp_packed_picture_width /HorDiv1,thesumofPackedRegionLeft[n]
and PackedRegionWidth[ n ] shall be less than or equal to rwp_packed_picture_width / HorDivl.
Otherwise, the sum of PackedRegionLeft[ n ] and PackedRegionWidth[ n ] shall be less than or equal to
rwp_packed_picture_width / HorDiv1 * 2.

IfPackedRegionTop[n]islessthanrwp_packed_picture_height /VerDiv1,the sum of PackedRegionTop[n]
and PackedRegionHeight[ n ] shall be less than or equal to rwp_packed_picture_height / VerDivl.
Otherwise, the sum of PackedRegionTop[ n ] and PackedRegionHeight[ n ] shall be less than or equal to
rwp_packed_picture_height / VerDiv1 * 2.

When ChromaFormatldc is equal to 1 (4:2:0 chroma format) or 2 (4:2:2 chroma format),
PackedRegionLeft[ n | shall correspond to an even horizontal coordinate value of luma sample units, and
PackedRegionWidth[ n ] shall correspond to an even number of luma samples, both within the decoded

picturd:

— When ChromaFormatldc is equal to 1 (4:2:0 chroma format), PackedRegionTop[ n ] shall ¢o1
an eveit vertical coordinate value of luma sample units, and ProjRegionHeight[ n ] shalllcorre

even nfimber of luma samples, both within the decoded picture.
8.15.6 Omnidirectional viewport SEI message

8.15.6.1 (mnidirectional viewport SEI message syntax

respond to
spond to an

omni_viewlport( payloadSize ) { Descriptor
omni_viewport_id u(10)
omni_viewport_cancel_flag u(1)
if( lomn]_viewport_cancel_flag) {
omnil viewport_persistence_flag u(1)
omni| viewport_cnt_minus1 u(4)
for(if 0;i<=omni_viewport_cnt_minusl; j++) {
onlni_viewport_azimuth_centre[ i ] i(32)
onlni_viewport_elevation_centrej i | i(32)
onlni_viewport_tilt_centre| i} i(32)
onlni_viewport_hor_range[i'] u(32)
onlni_viewport_ver_range|i ] u(32)
}
}
}

8.15.6.2 Omnidirectional viewport SEI message semantics

The omnidirectional viewport SEI message QpP(‘ifiPQ the coordinates of one or more regions q

spherical-

coordinate geometry, bounded by four great circles, corresponding to viewports recommended for display
when the user does not have control of the viewing orientation or has released control of the viewing

orientation.

When an effectively applicable frame packing arrangement SEI message, as specified in subclause 8.15.2.2
or 8.15.3.2, that applies to the picture is present, the information indicated by the omnidirectional viewport

SEI message applies to both views.

omni_viewport_id contains an identifying number that may be used to identify the purpose of the one or

more recommended viewport regions.

omni_viewport_id equal to 0 indicates that the recommended viewports are per "director’s cut", i.e., a
viewport suggested according to the creative intent of the content author or content provider. omni_
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viewport_id equal to 1 indicates that the recommended viewports are selected based on measurements of
viewing statistics.

Values of omni_viewport_id from 2 to 511, inclusive, may be used as determined by the application. Values of
omni_viewport_id from 512 to 1023 are reserved for future use by ITU-T | ISO/IEC. Decoders encountering a
value of omni_viewport_id in the range of 512 to 1023, inclusive, shall ignore it.

omni_viewport_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any
previous omnidirectional viewport SEI message in output order. omni_viewport_cancel_flag equal to 0
indicates that omnidirectional viewport information follows.

omni_viewport_persistence_flag specifies the persistence of the omnidirectional viewport SEI message

for the current layer.

omni_view
to the currg

omni_view
to the curr
until one oy

A new

The bit

— A picty
output

When no omnidirectional video projection is indicated to apply to a picture, e.g., by an equil

projection |
gcmp_canc
viewport §
applies to
cancel_flag

omni_view
indicated b

When omn
not specifie
applies:

bort_persistence_flag equal to 0 specifies that the omnidirectional viewport SEI méss
ent decoded picture only.

bort_persistence_flag equal to 1 specifies that the omnidirectional viewport SEI mess
ent decoded picture and persists for all subsequent pictures of the current layer in o
more of the following conditions are true:

CLVS of the current layer begins.
stream ends.

re in the current layer in an AU associated with an omnidirectional viewport SEI
that follows the current picture in output order.

El message with erp_cancel_flagequal to 0 or a genéeralized cubemap projection SEIm
b]_flag equal to 0 being present in the CLVS thatapplies to the current picture, an omn
I message with omni_viewport_cancel_flag equal to 0 shall not be present in the
he picture. Decoders shall ignore omnidirectional viewport SEI messages with omn
equal to 0 for pictures to which no omnidirectional video projection is indicated to aj

port_cnt_minusl1 plus 1 specifies the number of recommended viewport regioi
y the SEI message.

_viewport_cnt_minus] is;greater than 0 and there is no information provided by exte
d in this document on which recommended viewport is suggested to be displayed, th

When
when

orientdtion.

and j

When ¢mni_viewport_id is equal to 0, between any two recommended viewports per direct
i-th redommended viewport has higher priority than the j-th recommended viewport for an

mni_viewportAd.is equal to 0 or 1, the 0-th recommended viewport is suggested to b
e user doestwot have control of the viewing orientation or has released control of {

age applies

age applies
htput order

message is

ectangular
bssage with
directional
e CLVS that
_viewport_
bply.

1s that are

rnal means
e following

e displayed
he viewing

br's cut, the
7 values of i

hen is less than j. The 0-th recommended viewport per director's cut has the highesf

priority.

When omni_viewport_id is equal to 1, between any two recommended viewports, the i-th recommended

viewporthashigher popularity,among some selection of candidate viewports, than the j-threcommended
viewport for any values of i and j when i is less than j. The 0-th most-viewed recommended viewport has
the highest popularity. The selection of the candidate viewports is outside the scope of this document.

omni_viewport_azimuth_centre[ i | and omni_viewport_elevation_centre[ i ] indicate the centre of the
i-th recommended viewport region, in units of 2716 degrees relative to the global coordinate axes. The value
of omni_viewport_azimuth_centre[ i ] shall be in the range of -180 * 216 (i.e., -11 796 480) to 180 * 216 - 1
(i.e.,, 11 796 479), inclusive. The value of omni_viewport_elevation_centre[ i ] shall be in the range of -90 * 216
(i.e., -5 898 240) to 90 * 216 (i.e., 5 898 240), inclusive.
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omni_viewport_tilt_centre[ i | indicates the tilt angle of the i-th recommended viewport region, in units of
2716 degrees. The value of omni_viewport_tilt_centre[ i ] shall be in the range of -180 * 216 (i.e., 11 796 480)
to 180 * 216 — 1 (i.e., 11 796 479), inclusive.

omni_viewport_hor_range| i | indicates the azimuth range of the i-th recommended viewport region,
in units of 2716 degrees. The value of omni_viewport_hor_range[ i ] shall be in the range of 1 to 360 * 216
(i.e., 23 592 960), inclusive.

omni_viewport_ver_range[ i | indicates the elevation range of the i-th recommended viewport region,
in units of 2716 degrees. The value of omni_viewport_ver_range[ i ] shall be in the range of 1 to 180 * 216
(i.e., 11 796 480), inclusive.

8.16 Frame-field information SEI message

8.16.1 Frqme-field information SEI message syntax

frame_field_info( payloadSize ) { Des¢riptor
ffi_field pic_flag u(1)
if( ffi_figld_pic_flag) {
ffi_bqttom_field_flag u(1)
ffi_pgiring_indicated_flag u(1)
if( ffi|pairing_indicated_flag)
ffi [paired_with_next_field_flag u(1)
}else{
ffi_display_fields_from_frame_flag u(1)
if( ffidisplay_fields_from_frame_flag)
ffi [top_field_first_flag u(1)
ffi_display_elemental_periods_minus1 u(8)
}
ffi_sourjce_scan_type u(2)
ffi_dupliicate_flag u(1)

}

8.16.2 Frame-field information SEI message semantics

The frame{field information SEI message may be used to indicate how the associated pictur¢ should be
displayed (plthough this:is merely a suggestion rather than a prescription, as the display process is outside
the scope ¢f this document), the source scan type of the associated picture, and whether the| associated
picture is a|duplieate of a previous picture, in output order, of the same layer.

Use of this PEKmessage requires the definition of the following variables:

— A fixed picture rate indicator associated with a temporal sublayer, denoted herein by
FixedPicRateWithinCvsFlag, such that value 1 indicates that the temporal distance between the display
times of consecutive pictures in output order is constrained and value 0 indicates no such constraint.

— A display elemental period indicator, denoted herein by DisplayElementalPeriods, that indicates the
number of elemental picture period intervals that the current coded picture occupies for the display model.

ffi_field_pic_flag equal to 1 indicates that the display model considers the current picture as a field, and
ffi_field_pic_flag equal to 0 indicates that the display model considers the current picture as a frame.

ffi_bottom_field_flag equal to 1, when present, indicates that the current picture is a bottom field (i.e.,
that the parity of the current picture is bottom). ffi_bottom_field_flag equal to 0 indicates that the current
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picture is a top field (i.e., that the parity of the current picture is top). The two parities, bottom and top, are
considered as opposite parities.

ffi_pairing_indicated_flag equal to 1, when present, indicates that the current picture is considered paired
with the next picture in output order or with the previous picture in output order as the two fields of a
frame. ffi_pairing_indicated_flag equal to 0, when present, indicates that a pairing of the current picture
with another picture to form a frame is not expressed.

ffi_paired_with_next_field_flag equal to 1, when present, indicates that the current picture is considered
paired with the next picture as the two fields of a frame. ffi_paired_with_next_field_flag equal to 0, when
present, indicates that the current picture is considered paired with the previous picture as the two fields of

a frame.

When ffi_p

Sdnd szt oot L1010 flog o nencant tha Foll i g con ottt e cbh o1l o]y
HIT CU_VVIUII IICAL_TICIU_ 1 Aus 1o l_ll COUIIL, LITC TUITUVVY l116 CUIIOLUI AdITItO Ol1dIlrx uyl)l]
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shall h
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picture

ffi_display|
sequentiall
frame_flag
picture as §

ffi_top_field_first_flag equal to 1, when present, indicates that the first field of the frame that i

by the disp
field of the

ffi_display
period inte
display_ele

The interpi
ffi_display |
(through D
are indicat
use by ITU-

NOTE1 W
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Although th

ired_with_next_field_flagis equal to 0, there shall be atleast one picture in the CLVSth
rent picture in output order and the picture that precedes the current picture-in o
hve the opposite parity and ffi_pairing_indicated_flag equal to 1 and the value.of ffi_p
pld_flag for that preceding picture in output order shall be equal to 1.

rise, there shall be at least one picture in the CLVS that follows the-¢current pictur
nd the picture that follows the current picture in output order shall Have the oppositg
ing_indicated_flag equal to 1 and the value of ffi_paired_with<next_field_flag for thg
in output order shall be equal to 0.

| fields_from_frame_flag equal to 1, when present, indicates that the display model
y displaying the individual fields of the frame with dltérnating parity. ffi_display_f
equal to 0, when present, indicates that the displag model operates by displaying
complete frame.

ay model is the top field. ffi_top_field_first,flag equal to 0, when present, indicates tl
frame that is displayed by the display model is the bottom field.

rvals that the current coded picture or field occupies for the display model. The v
mental_periods_minus1 shall beequal to DisplayElementalPeriods - 1.

retation of combinations of tfi_field_pic_flag, FixedPicRateWithinCvsFlag, ffi_botton
fields_from_frame_flag,~ ffi_top_field_first_flag, and ffi_display_elemental_peri
splayElementalPerigds) is specified in Table 14, in which syntax elements that are
ed by "-". Combinations of syntax elements that are not listed in Table 14 are reserve
T | [SO/IEC and-shall not be present in bitstreams conforming to this edition of this d

Vhen FixedPicRateWithinCvsFlag is equal to 1, the indicated display times are constrained t
n for a«display model that follows the display patterns indicated by the values of the synt
p-field information SEI message (although the display process is outside the scope of this
e video' decoder model might be specified to only output the entire cropped decoded picture, {

display behg

at precedes
itput order
hired_with_

e in output
parity and
it following

bperates by
elds_from_
the current

s displayed
nat the first

| elemental_periods_minus1 plusd; when present, indicates the number of elemental picture

alue of ffi_

1_field_flag,

ds_minus1
hot present
] for future
bcument.

account for
ax elements
document).
he modelled

viedr sometimes includes other steps, such as the repeated display of a frame for multiple ti

me intervals

when ffi_display_fields_from_frame_flag is equal to 0 or the sequential display of the individual fields of a frame when
ffi_display_fields_from_frame_flag is equal to 1.

NOTE 2

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

50 Hz progressive-scan display or 30 Hz progressive-scan video on a 60 Hz progressive-scan display. Using frame
doubling and frame tripling in alternating combination on every other frame could be used to facilitate the display of
24 Hz progressive-scan video on a 60 Hz progressive-scan display.
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Table 14 — Interpretation of frame-field information syntax elements

qJI
o0 £
= £ »
R L=] =
2 £ w | 2
2 | e « 5
= |8 |& N -
= (= 1 - =}
% ; E' § 2 E Indicated display of the picture by the display model
gs = &
& | ¥ |E = o | 2
'UI = S —n'. ‘-I rﬁ,
S| 5|3 |2 & | =
= S |2 |Be| S 2
o | X |2 |2F| 2| 2
S =& |E= | & a
- 0 - 1 (progressive) Frame
- 1 0 2 Bottom field, top field, in that order
- 1 1 2 Top field, bottom field, in that order
0 Bottom field, top field, bottom field repeated,
-l 1] 0|3 )
in that order
_ 1 1 3 Top field, bottom field, top field repeated,
in that order
0 _ 0 _ n (progressive) Frame
displayed for n elemental periods of time
_ 1 0 2 Bottom field, top field, i that order,
each displayed for 1 elemental period of time
_ 1 1 2 Top field, bottomfield, in that order,
1 each displayed for T'elemental period of time
Bottom field,top.field, bottom field repeated,
- 1 0 3 in that order,
each displayed for 1 elemental period of time
Tap.field, bottom field, top field repeated,
- 1 1 3 in that order,
edeh displayed for 1 elemental period of time
0 0 - - 1 Top field
1 - - 1 Bottom field
1 0 _ _ 1 Top field
" displayed for 1 elemental period of time
1 B B _ Bottom field
displayed for 1 elemental period of time
ffi_source]scan_type equal to 1 indicates that the source scan type of the associated pictur¢ should be
interpreted as progressive. ffitsource_scan_type equal to 0 indicates that the source scan type of the
associated |picture should be interpreted as interlaced. ffi_source_scan_type equal to 2 indicates that the
source scah type of the dssociated picture is unknown or unspecified or specified by other|means not
specified in] this document: ffi_source_scan_type equal to 3 is reserved for future use by ITU-T | I[SO/IEC and
shall not bg present.ifvbitstreams conforming to this edition of this document. Decoders conforiming to this
edition of this document shall interpret the value 3 for ffi_source_scan_type as equivalent to thevalue 2.
ffi_duplicate/flag equal to 1 indicates that the current picture is indicated to be a duplicate of a previous
picture in i i indi i i indichted to be a

duplicate of a previous pichre in out_put order.

NOTE 3  The ffi_duplicate_flag could be used to mark coded pictures known to have originated from a repetition
process such as "3:2 pull-down" or other such duplication and picture rate interpolation methods. This flag would
commonly be used when a video feed is encoded as a field sequence in a "transport pass-through"” fashion, with known
duplicate pictures tagged by setting ffi_duplicate_flag equal to 1.

NOTE4  When ffi_field_pic_flag is equal to 1 and ffi_duplicate_flag is equal to 1, this could be interpreted as an
indication that the AU contains a field that duplicates the content of the previous field in output order with the same
parity as the current field.
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8.17 Sample aspect ratio information SEI message

8.17.1 Sample aspect ratio information SEI message syntax

sample_aspect_ratio_info( payloadSize ) { Descriptor
sari_cancel_flag u(1)
if( !sari_cancel_flag) {
sari_persistence_flag u(1)
sari_aspect_ratio_idc u(8)
if( sari_aspect_ratio_idc ==255) {
sari-sar-width u(16)
sarfi_sar_height u(16)
}
}
}

8.17.2 Sample aspect ratio information SEI message semantics

The SARI S
decoded pi
presentin {

sari_cance
SARI SEI m
SARI follow

sari_persi
sari_persis

sar_persist
and persist
conditions

A new

The bit

— A picty
curren

sari_aspedt_ratio.idc, when not equal to 255, indicates the sample aspect ratio of the luma

the decode
Rec. ITU-T

1 message provides information about the sample aspect ratio of the samples of the
Ctures. When vui_aspect_ratio_constant_flag is equal to_L;-there shall be no SARI SH
he CLVS.

pssages in output order that applies to the currentiayer. sari_cancel_flag equal to 0 in
S.

stence_flag specifies the persistence of the SARI SEI message for the current layer.
fence_flag equal to 0 specifies that the\SARI applies to the current decoded picture on

bnce_flag equal to 1 specifies that\the SARI SEI message applies to the current deco
5 for all subsequent pictures ofithe current layer in output order until one or more of th
hre true:

CLVS of the current layer begins.
stream ends.

re in the current layer in an AU associated with a SARI SEI message is output that
[ picture in-output order.

1 output picture, with the same semantics as specified for the SampleAspectRatio p:
H.273 | ISO/IEC 23091-2. When the sari_aspect_ratio_idc syntax element is not preser

associated
[ messages

I_flag equal to 1 indicates that the SARI SEI mes$dge cancels the persistence of any previous

Hicates that

ly.

Hed picture
e following

follows the

samples of
irameter in
t, the value

of sari_asp

Ct_ratio_idc {5 InferTed to be equal to 0. Values of sari_aspect_ratio_idc that are

pecified as

reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams conforming
to this edition of this document. Decoders shall interpret values of sari_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.

sari_sar_width, when present, indicates the horizontal size of the sample aspect ratio (in an arbitrary unit).

sari_sar_height, when present, indicates the vertical size of the sample aspect ratio (in the same arbitrary

unit as sari_

sar_width).

When present, sari_sar_width and sari_sar_height shall be relatively prime or equal to 0. When sari_aspect_
ratio_idc is equal to O or sari_sar_width is equal to 0 or sari_sar_height is equal to 0, the sample aspect ratio
is unknown or unspecified or specified by other means not specified in this document.
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8.18 Annotated regions SEI message

8.18.1 Annotated regions SEI message syntax

annotated_regions( payloadSize ) { Descriptor
ar_cancel_flag u(1)
if( lar_cancel_flag) {
ar_not_optimized_for_viewing_flag u(1)
ar_true_motion_flag u(1)
ar_occluded_object_flag u(1)
ar_partial-ebjeet_flagpresent_flag u(1)
ar_oﬂiect_label_present_flag u(1)
ar_odject_confidence_info_present_flag u(1)
if( arfobject_confidence_info_present_flag)
ar_object_confidence_length_minus1 u(4)
if( arfobject_label_present_flag ) {
ar_object_label_language_present_flag u(1)
if( pr_object_label_language_present_flag ) {
while( Ibyte_aligned( ) )
ar_bit_equal_to_zero /* equal to 0 */ f(1)
ar_object_label_language st(v)
}
ar_num_label_updates ue(v)
for[ i=0;i<ar_num_label_updates; i++) {
ar_label_idx[i] ue(v)
ar_label_cancel_flag u(1)
LabelAssigned[ ar_label_idx[ i | = !ar_label_cancel_flag
if( !ar_label_cancel_flag ) {
while( !byte_aligned())
ar_bit_equal_to_zero /* equal to 0 */ f(1)
ar_label[ ar_labelridx[i] ] st(v)
]
}
}
ar_num_gbject_updates ue (V)
for(i ‘04 < ar_num_object_updates; i++ ) {
ar_object_idx[i] ue(v)
ar_object_cancel_flag u(1)
ObjectTracked| ar_object_idx[ i ] | = !ar_object_cancel_flag
if( 'ar_object_cancel_flag ) {
if( ar_object_label_present_flag) {
ar_object_label_update_flag u(1)
if( ar_object_label_update_flag)
ar_object_label_idx[ ar_object_idx[i] ] ue(v)
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ar_bounding_box_update_flag u(1)
if(ar_bounding_box_update_flag ) {
ar_bounding_box_cancel_flag u(1)
ObjectBoundingBoxAvail[| ar_object_idx[i] ] =
lar_bounding_box_cancel_flag
if(!lar_bounding_box_cancel_flag) {
ar_bounding_box_top|[ ar_object_idx[i] ] u(16)
ar_bounding_box_left[ ar_object_idx[i] ] u(16)
ar_bounding_box_width[ ar_object_idx[i] ] u(16)
ar_bounding_box_height[ ar_object_idx[i] ] u(16)
if(ar_partial_object_flag_present_flag)
ar_partial_object_flag[ ar_object_idx[i] ] u(1)
if( ar_object_confidence_info_present_flag)
ar_object_confidence[ ar_object_idx[i] ] u(v)
}
]
}
}
}
}
8.18.2 Anpotated regions SEI message semantics
The annotgted regions SEI message carries parameters that identify annotated regions using bounding

boxes reprg
Use of this

The w
Croppe

A confq
A confc

NOTE A
semantics al

senting the size and location of identified-objects.
BEl message requires the definition@fthe following variables:

dth and height of a cropped decoded picture in units of luma samples, denoted
dWidth and CroppedHeight, reSpectively

rmance cropping window left offset, ConfWinLeftOffset

rmance cropping window top offset, ConfWinTopOffset

A chrofna format indi¢ator, denoted herein by ChromaFormatldc, as described in subclause 7.

Ithough some variables used in this clause are related to picture cropping, the coordinates u
e relative to the entire decoded picture prior to cropping.

The variables/SubWidthC and SubHeightC are derived from ChromaFormatldc as specified by Tal

herein by

.3.

sed in these

ble 2.

ar_cancel_

Tag equal to I indicates that the SEI message cancels the persistence of any previous annotated

regions SEI message that is associated with one or more layers to which the annotated regions SEI message
applies. ar_cancel_flag equal to 0 indicates that annotated regions information follows.

When ar_cancel_flag equal to 1 or a new CVS of the current layer begins, the variables LabelAssigned][ i ],
ObjectTracked[ i ], and ObjectBoundingBoxAvail are set equal to 0 for i in the range of 0 to 255, inclusive.

ar_not_optimized_for_viewing_flag equal to 1 indicates that the decoded pictures that the annotated
regions SEI message applies to are not optimized for user viewing, but rather are optimized for some other
purpose such as algorithmic object classification performance. ar_not_optimized_for_viewing_flag equal to
0 indicates that the decoded pictures that the annotated regions SEI message applies to may or may not be
optimized for user viewing.
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ar_true_motion_flag equal to 1 indicates that the motion information in the coded picture

annotated regions SEI message applies to was selected with a goal of accurately representing ob

s that the
ject motion

for objects in the annotated regions. ar_true_motion_flag equal to 0 indicates that the motion information in

the coded pictures that the annotated regions SEI message applies to may or may not be selected
of accurately representing object motion for objects in the annotated regions.

ar_occluded_object_flag equal to 1 indicates that the ar_bounding_box_top[ ar_object_idx[i] ], ar_bounding_
height[ ar_

object that

box_left[ ar_object_idx[ i ] ], ar_bounding_box_width[ ar_object_idx[ i ] ], and ar_bounding_box_

object_idx[ i ] ] syntax elements represent the size and location of an object or a portion of an

with a goal

may not be visible or may be only partially visible within the cropped decoded picture. ar_occluded_object_

flag equal to 0 indicates that the ar_bounding_box_top[ ar_object_idx[i] ], ar_bounding_box_left

[ ar_object_

idx[i]], ar_bounding_box_width[ ar_object_idx[i] ], and ar_bounding_box_height[ ar_object_idx[i] ] syntax
elements represent the size and location of an object that is entirely visible within the cropped decoded

5 a requirement of bitstream conformance that the value of ar_occluded_object_flag
annotated_regions( ) syntax structures within a CVS.

picture. It i
same for al

ar_partial |
syntax elen
flag[ ar_ob
that the va
structures

object_flag_present_flag equal to 1 indicates that ar_partial_object_flagf, ar’obje
nents are present. ar_partial_object_flag_present_flag equal to 0 indicates-that ar_par
ect_idx[ i ] ] syntax elements are not present. It is a requirement of\bitstream cc
ue of ar_partial_object_flag_present_flag shall be the same for all annotated_region
within a CVS.

ar_object_|
the annota
correspond

abel_present_flag equal to 1 indicates that label informatien corresponding to
Fed regions is present. ar_object_label_present_flag equal.to)O indicates that label i
ing to the objects in the annotated regions is not present:

ar_object_¢onfidence_info_present_flag equal to 1 indicatesthat ar_object_confidence[ ar_obije
syntax elements are present. ar_object_confidence_info_préesent_flag equal to 0 indicates tha
confidence| ar_object_idx[ i ] ] syntax elements are not present. It is a requirement of bitstream cq
that the vallue of ar_object_confidence_present_flag shall*be the same for all annotated_region
structures within a CVS.

ar_object_¢onfidence_length_minus1 plus 1 specifies the length, in bits, of the ar_object_con
object_idx][|i ] ] syntax elements. It is a requiremntent of bitstream conformance that the value o
confidence|length_minus1 shall be the same-for all annotated_regions( ) syntax structures with

ar_object_label_language_present_flag equal to 1 indicates that the ar_object_label_langul
element is|present. ar_object_label:language_present_flag equal to 0 indicates that the ar_o
language syntax element is not present.

ar_bit_equpl_to_zero shall beequal to zero.

shall be the

ct_idx[ 1] ]
tial_object_
nformance
s( ) syntax

objects in
nformation

bet_idx[i] ]
[ ar_object_
nformance
s( ) syntax

Fidence[ ar_
If ar_object_
naCVS.

age syntax
bject_label _

ar_object_label_language-contains a language tag as specified by IETF RFC 5646 followed by a null

terminatiop byte equal to 0x00. The length of the ar_object_label_language syntax element shall
or equal to|255 bytes; not including the null termination byte. When not present, the language of

ar_num_lapelupdates indicates the total number of labels associated with the annotated regic

be less than
the label is

ns that are

signalled. The value of ar_num_label_updates shall be in the range of U to 255, INCIUSIVe.

ar_label_idx[ i ] indicates the index of the signalled label. The value of ar_label_idx[ i ] shall be i
of 0 to 255, inclusive.

n the range

ar_label_cancel_flag equal to 1 cancels the persistence scope of the ar_label_idx[ i ]-th label. ar_label_

cancel_flag equal to 0 indicates that the ar_label_idx[ i ]-th label is assigned a signalled value.

LabelAssigned[ ar_label_idx[ i ] ] equal to 1 indicates that the ar_label_idx[ i ]-th label i

s assigned.

LabelAssigned[ ar_label_idx[ i | ] equal to O indicates that the ar_label_idx[ i ]-th label is not assigned.

ar_label[ ar_label_idx[
ar_label[ ar_label_idx] i
termination byte.

i
]
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ar_num_object_updates indicates the number of object updates to be signalled. ar_num_object_updates
shall be in the range of 0 to 255, inclusive.

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

ar_object_cancel_flag equal to 1 cancels the persistence scope of the ar_object_idx[ i ]-th object. ar_object_
cancel_flag equal to 0 indicates that parameters associated with the ar_object_idx[ i ]-th object are signalled.

ObjectTracked[ ar_object_idx[ i ] ] equal to 1 indicates that the ar_object_idx[ i ]-th object is tracked.
ObjectTracked[ ar_object_idx[i] ] equal to 0 indicates that the ar_object_idx][ i ]-th object is not tracked.

ar_object_label_update_flag equal to 1 indicates that an object label is signalled. ar_object_label_update_
flag equal toQ indicates that an object label is not signalled

ar_object_label_idx[ ar_object_idx[ i ] ] indicates the index of the label corresponding td [the ar_object_
idx[ i ]-th gbject. When ar_object_label_idx[ ar_object_idx[ i ] ] is not present, its value ds infegred from a
previous annotated regions SEI message in output order in the same CVS, if any. The\value of ar_object_
label_idx[ ar_object_idx[ i ] | shall be in the range of 0 to 255, inclusive.

ar_bounding_box_update_flag equal to 1 indicates that object bounding box patameters are signalled. ar_
bounding_Box_update_flag equal to 0 indicates that object bounding box parameters are not signjalled.

ar_boundihg_box_cancel_flag equal to 1 cancels the persistence scope.of the ar_bounding_bYox_top[ ar_
object_idx[|i ] ], ar_bounding_box_left[ ar_object_idx[ i ] ], ar_bounding box_width[ ar_objecf_idx[ i ] ],
ar_bounding_box_height[ ar_object_idx[ i ] ]. ar_partial_object_flag][’ar_object_idx[ i ] ], and ar_object_
confidence| ar_object_idx[ i | ]. ar_bounding_box_cancel_flag equal to 0 indicates that ar_bounding_box_
top[ ar_obj¢ct_idx[i] ], ar_bounding_box_left[ ar_object_idx[ i ] ar_bounding_box_width[ ar_object_idx[i] ]
ar_bounding_box_height[ ar_object_idx[ i ] ] ar_partial_object_flag[ ar_object_idx[ i ] ], and ar_object_
confidence| ar_object_idx[ i ] ] syntax elements are signalled:

ObjectBourdingBoxAvail[ ar_object_idx[ i ] ] equal to,1'indicates that the bounding box informpation of the
ar_object_idix[ i ]-th object is signalled. ObjectBoundingBoxAvail[ ar_object_idx[ i ] ] equal to 0 inglicates that
the boundipg box information of the ar_object_idx][ 1 ]-th object is not signalled.

ar_bounding_box_top|[ ar_object_idx[ i | |, ar_bounding_box_left[ ar_object_idx[ i ] ], ar_bounding_box_
width[ ar_¢bject_idx[ i ] ], and ar_bounding_box_height[ ar_object_idx[ i ] | specify the coordinates of the
top-left corjner and the width and height;respectively, of the bounding box of the ar_object_idx[ | ]-th object
in the cropped decoded picture, relative to the conformance cropping window.

The valud of ar_bounding box_left] ar_object_idx[ i ] ] shall be in the range| of 0 to
CroppedWidth / SubWidthC=\L, inclusive.

The valugd of ar_bounding box_top][ ar_object_idx[ i ] ] shall be in the range| of 0 to
CroppedHejight / SubHeightC - 1, inclusive.

The valug of sak bounding box_width][ ar_object_idx[ i ] ] shall be in the rangel of 0 to
CroppedWidth,/SubWidthC - ar_bounding_box_left[ ar_object_idx[ i] ], inclusive.

The value of ar_bounding_box_height[ ar_object_idX[ 1 ] | shall be in the range of 0 to
CroppedHeight / SubHeightC - ar_bounding_box_top|[ ar_object_idx[ i ] ], inclusive.

The identified object rectangle contains the luma samples with horizontal picture coordinates
from SubWidthC * ( ConfWinLeftOffset + ar_bounding_box_left[ ar_object_idx[ i ] ] ) to SubWidthC *
( ConfWinLeftOffset + ar_bounding_box_left][ ar_object_idx[ i ] ] + ar_bounding_box_width[ ar_object_
idx[ i]]) - 1, inclusive, and vertical picture coordinates from SubHeightC * ( ConfWinTopOffset + ar_
bounding_box_top[ ar_object_idx[ i ] ] ) to SubHeightC * ( ConfWinTopOffset + ar_bounding_box_top[ ar_
object_idx[i] ] + ar_bounding_box_height[ ar_object_idx[i]]) - 1, inclusive.

When ChromaFormatldc is not equal to 0, the corresponding specified samples of the two chroma arrays
are the samples having picture coordinates ( x / SubWidthC, y / SubHeightC ), where ( x, y ) are the picture
coordinates of the specified luma samples.
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The values of ar_bounding_box_top[ ar_object_idx[ i ] ], ar_bounding_box_left][ ar_object_idx[ i ] ], ar_
bounding_box_width[ ar_object_idx[ i ] ] and ar_bounding_box_height[ ar_object_idx[ i ] ] persist in output
order within the CVS for each value of ar_object_idx[ i ]. When not present, the values of ar_bounding_box_
top[ ar_object_idx[ i] ], ar_bounding_box_left[ ar_object_idx[i] ], ar_bounding_box_width[ ar_object_idx[i] ]
or ar_bounding_box_height[ ar_object_idx[i] ] are inferred from a previous annotated regions SEI message
in output order in the CVS, if any.

ar_partial_object_flag[ ar_object_idx[ i ] ] equal to 1 indicates that the ar_bounding_box_top[ ar_object_
idx[ i ] ], ar_bounding_box_left[ ar_object_idx[ i | ], ar_bounding_box_width[ ar_object_idx[ i | ] and ar_
bounding_box_height[ ar_object_idx[ i ] ] syntax elements represent the size and location of an object that is
only partially visible within the cropped decoded picture. ar_partial_object_flag[ ar_object_idx[i] ] equal to
0 indicates that the ar_bounding_box_top[ ar_object_idx[ i ] ], ar_bounding_box_left[ ar_object_idx[ i ] ], ar_
bounding_box_width[ ar_object_idx[ i ] ] and ar_bounding_box_height[ ar_object_idx[ i ] ] syntax elements
represent the size and location of an object that may or may not be only partially visible within the cropped
decoded pig¢ture. When not present, the value of ar_partial_object_flag[ ar_object_idx[ i ] ] is/ithfefred from a
previous anpnotated regions SEI message in output order in the CVS, if any.

ar_object_¢onfidence[ ar_object_idx[ i ] ] indicates the degree of confidence associated wlith the ar_
object_idx[|i ]-th object, in units of 2-(ar-object_confidence_length_minusl + 1) gych thiaba higher yalue of ar_
object_conflidence[ ar_object_idx[ i ] ] indicates a higher degree of confidence, .The length of th¢ ar_object_
confidence| ar_object_idx[ i ] ] syntax element is ar_object_confidence_length iminusl + 1 bitg. When not
present, the value of ar_object_confidence[ ar_object_idx[ i ] ] is inferred froma previous annotated regions
SEI messagp in output order in the CVS, if any.

8.19 Scalability dimension information SEI message

8.19.1 Scqlability dimension information SEI message syntax

scalability|dimension_info( payloadSize ) { D¢scriptor
sdi_max_layers_minus1 u(6)
sdi_multiview_info_flag u(1)
sdi_auxiliary_info_flag u(1)

if( sdi_multiview_info_flag | | sdi_auxiliary_info_flag ) {

if( sd{_multiview_info_flag)

sdi_view_id_len_minus1 u(4)
for(iF 0;1i<=sdi_max_layers_minusl; i++ ) {
sdi_layer_id[ i ] u(6)
if( pdi_multiview_info_flag)
$di_view_id_val[i ] u(v)
if( pdi_auxiliary_info_flag)
$di aux_id[i] u(8)
IfCsdi aux id[i]>0]){
sdi_num_associated_primary_layers_minus1[i ] u(6)
for(j = 0;j <=sdi_num_associated_primary_layers_minusl1[i]; j++ )
sdi_associated_primary_layer_idx[i][j ] u(6)
}
}
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8.19.2 Scalability dimension information SEI message semantics

The scalability dimension information (SDI) SEI message provides the SDI for each layer in the current CVS,
i.e., the CVS containing the SDI SEI message, such as 1) when there may be multiple views, the view ID of
each layer; and 2) when there may be auxiliary information (such as depth or alpha) carried by one or more
layers, the auxiliary ID of each layer.

When an SDI SEI message is present in any AU of a CVS, an SDI SEI message shall be present for the first AU of

the CVS. All SDI SEI messages in a CVS shall have the same content.

sdi_max_layers_minus1 plus 1 indicates the maximum number of layers in the current CVS.

sdi_multiview_info_flag equal to 1 indicates that the current CVS may have multiple views and the sdi_

view_id_va
indicates t
not present

sdi_auxilig
layers, whi

message. sdli_auxiliary_info_flag equal to 0 indicates that the current CVS does not-have an au

and the sdi

at the current CVS does not have multiple views and the sdi_vi;w_id_val[ ]_syn‘Eax el
in the SDI SEI message.

ry_info_flag equal to 1 indicates that one or more layers in the current CVS may I
th carry auxiliary information, and the sdi_aux_id[ ] syntax elements aré present in

| aux_id[ ] syntax elements are not present in the SDI SEI message.

equal to 0
ements are

e auxiliary
the SDI SEI
kilary layer

sdi_view_i¢l_len_minus1 plus 1 specifies the length, in bits, of the sdi_view,id_val[ i ] syntax element.

sdi_layer_id| i ] specifies the layer identifier of the i-th layer that may-be present in the current

sdi_view_i
view_id_va

The variab
the view id

NumVi
if( sdi_
Viey
for(

ng

if

}
}
}

f(]r(j:O;j<i;j++)

_val[ i ] specifies the view identifier of the i-th layer if.the current CVS. The length
[i] syntax element is sdi_view_id_len_minus1 + 1 bits.

e NumViews, specifying the number of views ifn¢he current CVS, and the list Viewld
bntifiers of the views in the current CVS, are derived as follows:

pws = 1

multiview_info_flag ) {

/1d[ 0 ] = sdi_view_id_val[ 0 ]

i = 1; i <= sdi_max_layers_minusl;i++ ) {
pwViewFlag = 1

if( sdi_view_id_val[ i | ==sdi_view_id_val[j])
newViewFlag =0

[ newViewFlag ) {

Viewld] NumViews"] = sdi_view_id_val[ i ]

NumViews++

sdi_aux_id[ i.J€qual to 0 indicates that the i-th layer in the current CVS does not contain auxilia

VS.
of the sdi_

specifying

(50)

Iy pictures.

sdi_aux_id[ 1 | greater than 0 indicates the type of auxiliary pictures in the i-th layer in the current CVS as
specified in Table 15. When sdi_auxiliary_info_flag is equal to 0, the value of sdi_aux_id[ i ] is inferred to be

equal to 0.
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Table 15 — Mapping of sdi_aux_id[ i ] to the type of auxiliary pictures

sdi_aux_id[i] Name Type of auxiliary pictures
1 AUX_ALPHA Alpha plane
2 AUX_DEPTH Depth picture
3..127 Reserved
128..159 Unspecified
160..255 Reserved

is specified through means other than the sdi_aux_id[ i ] value.

sdi_aux_id[fi

this versio
or128to 1
id[ i] in thg

If sdi_aux_
referred to
auxiliary la

sdi_num_associated_primary_layers_minus1][i] plus 1 specifies the nuniber of associated pril
which is an auxiliary layer. The value of sdi_num_associated_primary_layers_minus1|

of i-th layer
less than th

sdi_associated_primary_layer_idx[ i ][ j ] specifies the layer index of the j-th associated prim
b1, which is an auxiliary layer. The value of sdi_aux-id[ sdi_associated_primary_layer

the i-th lay

of this document. Although the value of sdi_aux_id[ i ] shall be in the range of O-te

i]
range of 0 to 255, inclusive.

d[ i ] is equal to 0, the i-th layer is referred to as a primary layer. Otherwise, the

e total number of primary layers.

shall be equial to 0.

NOTEZ A

n auxiliary layer describes a property of and appliés to its associated primary layers.

8.20 Multiview acquisition information SEI message

59, inclusive, in this version of this document, decoders shall also allow other values

as an auxiliary layer. When sdi_aux_id[ i] is equal to 1, the i-th layer is-also referred to
yer. When sdi_aux_id[ i ] is equal to 2, the i-th layer is also referred to,as a depth auxil

The interpretation of auxiliary pictures associated with sdi_aux_id[ i ] in the range of 128 to 159, inclusive,

forming to
P, inclusive,
of sdi_aux_

-th layer is
as an alpha
iary layer.

mary layers
[i] shall be

hry layer of

idx[1][j]]

8.20.1 Mulltiview acquisition information SEI message syntax
multiview Jacquisition_info( payloadSize ) { Dé¢scriptor
intrinsic_param_flag u(1)
extrinsic_param_flag u(1)
num_views_minus1 ue(v)
if( intrisic_param_flag) {
intripsic_params_equal_flag u(1)
prec_lfocal_length ue(v)
prec_lprincipal_point ue(v)
prec_lskew_faclm ue(v)
for(i=0;i<=intrinsic_params_equal_flag ? 0 : num_views_minus1; i++ ) {
sign_focal_length_x[i] u(1)
exponent_focal_length_x[i] u(6)
mantissa_focal_length_x[i] u(v)
sign_focal_length_y[i] u(1)
exponent_focal_length_y[i] u(6)
mantissa_focal_length_y[i] u(v)
sign_principal_point_x[i ] u(1)
exponent_principal_point_x][ i ] u(6)
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mantissa_principal_point_x][ i ] u(v)
sign_principal_point_y[i ] u(1)
exponent_principal_point_y/[ i | u(6)
mantissa_principal_point_yJ[ i | u(v)
sign_skew_factor| i ] u(1)
exponent_skew_factor[ i ] u(6)
mantissa_skew_factor[ i ] u(v)
}
}
if( extrinsic_param flag) {
prec_lrotation_param ue(v)
prec_|translation_param ue(v)
for(ifF 0;i<=num_views_minusl; i++)
for{j=0;j<3;j++) {/* row*/
for(k=0; k < 3; k++) { /* column */
sign_r[i][j][k] u(1)
exponent_r[i][j][ k] u(6)
mantissa_r[i][j][ k] u(v)
]
$ign_t[i][j] u(1)
exponent_t[i][j] u(6)
mantissa_t[i][j] u(v)
}
}
}
8.20.2 Multiview acquisition information SEI message semantics
The multivifew acquisition informatien” (MAI) SEI message specifies various parameters of the|acquisition
environment for the layers that may be present in the current CVS, i.e., the CVS containing the MAI SEI
message. Specifically, intrinsic_and extrinsic camera parameters are specified. These parametdrs could be
used for prpcessing the decdded views prior to rendering on a 3D display.
When an MIAI SEI messageis present in any AU of a CVS, an MAI SEI message shall be present for the first AU
of the CVS. All MAI SEFmessages in a CVS shall have the same content.

When a CV
When an A

b doesiot contain an SDI SEI message, the CVS shall not contain an MAI SEI message.

J"contains both an SDI SEI message and an MAI SEI message, the SDI SEI message sh

all precede

the MAI SEI message in decoding order.

Some of the views for which the MAl is included in an MAI SEI message may not be present in the current CVS.

In the semantics below, syntax elements and variables with index i refer to the syntax elements and
variables that apply to the i-th view in the current CVS specified by the SDI SEI message, i.e., the view with
view identifier equal to Viewld[ i ].

The extrinsic camera parameters are specified according to a right-handed coordinate system, where the
upper left corner of the image is the origin, i.e., the ( 0, 0 ) coordinate, with the other corners of the image
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having non-negative coordinates. With these specifications, a 3-dimensional world point, wP =[xy z ] is
mapped to a 2-dimensional camera point, cP[i] =[uv 1], for the i-th camera according to:

s*cP[i]=A[i]*RI[i]*(wP-T[i]) (51)

where A[ i] denotes the intrinsic camera parameter matrix, R"1[ i ] denotes the inverse of the rotation matrix
R[i], T[i] denotes the translation vector and s (a scalar value) is an arbitrary scale factor chosen to make
the third coordinate of cP[ i ] equal to 1. The elements of A[i ], R[i] and T[ i ] are determined according to
the syntax elements signalled in this SEI message and as specified below.

intrinsic_param_flag equal to 1 indicates the presence of intrinsic camera parameters. intrinsic_param_

flag equal to 0 indicates the absence of intrinsic camera parameters.

extrinsic_param_flag equal to 1 indicates the presence of extrinsic camera parameters. extrin

sic_param_

flag equal tp 0 indicates the absence of extrinsic camera parameters.
num_views$_minusl plus 1 specifies the number of views for which the MAI is incldded in the MAI SEI
message. The value of num_views_minus1 shall be equal to NumViews - 1.

intrinsic_p
cameras ar
0 indicates
camera paf

prec_focal
and focal_l
to 31, inclu

prec_pring
point_x[i]

be in the rajnge of 0 to 31, inclusive.

prec_skew
given by 2~

sign_focal ]
horizontal

exponent_
horizontal
value 63 is
unspecified

mantissa_
horizontal
and determ

arams_equal_flag equal to 1 indicates that the intrinsic camera parameters are €
d only one set of intrinsic camera parameters is present. intrinsic_params_equal_fl
that the intrinsic camera parameters are different for each caméra and that a set
ameters is present for each camera.

| length specifies the exponent of the maximum allowabletruncation error for focal_l
ength_y[ i ] as given by 2-prec_focal_length The value of prec_focal_length shall be in th
ive.

ipal_point specifies the exponent of the maximum allowable truncation error foi
and principal_point_y[ i ] as given by 2-prec_principal_point The value of prec_principal

| factor specifies the exponent of the, maximum allowable truncation error for ske
prec_skew_factor, The value of prec_skew-factor shall be in the range of 0 to 31, inclusive

length_x[ i ] equal to O indicates that the sign of the focal length of the i-th cary
lirection is positive. sign_focal~length_x[i] equal to 1 indicates that the sign is negat

focal_length_x[ i ]| speCifies the exponent part of the focal length of the i-th can
Hirection. The value of exponent_focal_length_x[ i ] shall be in the range of 0 to 62, in

focal length.

focal_lengthx[ i ]| specifies the mantissa part of the focal length of the i-th can
lirection~TFhe length of the mantissa_focal_length_x[ i | syntax element in units of bit
ined as\follows:

qual for all
ag equal to
of intrinsic

ength_x[i]
e range of 0

" principal_
| point shall

w factor as

nera in the
ve.

hera in the
rlusive. The

reserved for futureise by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an

hera in the
b is variable

— Ifexpopént focal_length_x[i] is equal to 0, the length is Max( 0, prec_focal_length - 30 ).

— Otherwise (exponent_focal_length_x[i]isintherange of 0 to 63, exclusive), thelengthis Max( 0, exponent_
focal_length_x[i] + prec_focal_length - 31).

sign_focal_length_y[ i ] equal to 0 indicates that the sign of the focal length of the i-th camera in the vertical
direction is positive. sign_focal_length_y[i] equal to 1 indicates that the sign is negative.

exponent_focal_length_y[ i ] specifies the exponent part of the focal length of the i-th camera in the vertical
direction. The value of exponent_focal_length_y[ i ] shall be in the range of 0 to 62, inclusive. The value 63
is reserved for future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified
focal length.

mantissa_focal_length_y[i] specifies the mantissa part of the focal length of the i-th camera in the vertical
direction.
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The length of the mantissa_focal_length_y[ i | syntax element in units of bits is variable and determined as
follows:

— Ifexponent_focal_length_y[i] is equal to 0, the length is Max( 0, prec_focal_length - 30).

Otherwise (exponent_focal_length_y[i]isintherange of 0to 63, exclusive), thelengthis Max( 0, exponent_
focal_length_y[i] + prec_focal_length - 31).

sign_principal_point_x[ i ] equal to 0 indicates that the sign of the principal point of the i-th camera in the
horizontal direction is positive. sign_principal_point_x[i] equal to 1 indicates that the sign is negative.

exponent_principal_point_x][ i ] specifies the exponent part of the principal point of the i-th camera in the
horizontal direction. The value of exponent_principal_point_x[ i | shall be in the range of 0 to 62, inclusive.

The value 6

3 is reserved for future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as i

dicating an

unspecified

mantissa_
the horizor
variable an|

principal point.

principal_point_x[ i ] specifies the mantissa part of the principal point of the’i-th
tal direction. The length of the mantissa_principal_point_x[ i ] syntax eleméntin un
d is determined as follows:

camera in
ts of bits is

— If expopent_principal_point_x[ i] is equal to 0, the length is Max( 0, prec_pringipal_point - 3 ).
— Otherwise (exponent_principal_point_x[ i ] is in the range of 0 to.63, exclusive), th¢ length is
Max( Of exponent_principal_point_x[i] + prec_principal_point — 31 ):

sign_pring
vertical dir

exponent_
vertical dir
value 63 is

ipal_point_y|[i] equal to 0 indicates that the sign of theprincipal point of the i-th ca
ection is positive. sign_principal_point_y[ i ] equal to 1 ihdicates that the sign is negat

principal_point_y| i ] specifies the exponent partofthe principal point of the i-th ca
pection. The value of exponent_principal_point_y{ | shall be in the range of 0 to 62, in

mera in the
ive.

mera in the
tlusive. The

reserved for future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an

unspecified principal point.

mantissa_principal_point_y|[ i | specifies the mantissa part of the principal point of the i-th camera in the

vertical dirpction. The length of the mantissa_psincipal_point_y[i] syntax element in units of bit$ is variable

and is determined as follows:

— Ifexpopent_principal_point_y[ i ] isequal to 0, the length is Max( 0, prec_principal_point - 3D ).

— Otherwise (exponent_principal point_y[ i ] is in the range of 0 to 63, exclusive), th¢ length is
Max( 0} exponent_principal_point_y[i] + prec_principal_point - 31).

sign_skew]factor|[ i | equal £0)0 indicates that the sign of the skew factor of the i-th camera is pofsitive.

sign_skew| factor[ i | equal to 1 indicates that the sign is negative.

exponent_gkew_factor[ i | specifies the exponent part of the skew factor of the i-th camera. The value of

exponent_gkewfactor[ i ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for fyture use by

ITU-T | ISOJIEG.Decoders shall treat the value 63 as indicating an unspecified skew factor.

mantissa_skew_factor|[ i | specifies the mantissa part of the skew factor of the i-th camera. The length of
the mantissa_skew_factor[ i | syntax element in units of bits is variable and determined as follows:

If exponent_skew_factor[ i ] is equal to 0, the length is Max( 0, prec_skew_factor — 30 ).

— Otherwise (exponent_skew_factor[i]is in the range of 0 to 63, exclusive), the length is Max( 0, exponent_
skew_factor[i] + prec_skew_factor - 31).
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The intrinsic matrix A[ i ] for i-th camera is represented by

focalLengthX[i] skewFactor[i] principalPointX]i]
0 focalLengthY[i] principalPointY[i]
0 0 1

(52)

prec_rotation_param specifies the exponent of the maximum allowable truncation error for rE[i][j ][ k]
(see Formula 53) as given by 2-prec_rotation_param The value of prec_rotation_param shall be in the range of 0
to 31, inclusive.

prec_translation_param specifies the exponent of the maximum allowable truncation error for tE[ i ][ ]
(see Formula 54) as given by 2-prec_translation_param_The value of prec_translation_param shall be in the range
of 0 to 31, inclusive.

sign_r[i][
cameraisp

exponent_
camera. Th

future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified rotati

mantissa_
camera. Th
follows:

If expo

Otherw

The rotati

exponent_
camera. Th
future use |

mantissa_{
camera. Th
follows:

rotatiz[:_param -31).

j 1[ k] equal to 0 indicates that the sign of ( j, k ) component of the rotation matrix
ositive. sign_r[i][j]] k] equal to 1 indicates that the sign is negative.

F[i][j][ k] specifies the exponent part of ( j, kK ) component of the rotation matrix
e value of exponent_r[i][j][ k] shall be in the range of 0 to 62, inclusive. THeyalue 63 is 1

[[i]]j]] k] specifies the mantissa part of ( j, k ) component of the rotation matrix
e length of the mantissa_r[i][j ][ k] syntax element in units of\bits is variable and det

hent_r[i]is equal to 0, the length is Max( 0, prec_rotatien param - 30 ).

fise (exponent_r[i]isin the range of 0 to 63, exclusivg), the length is Max( 0, exponent_

matrix R[ i] for i-th camera is represented:as follows:
[ 1 rE[i][0][2]

10] rE[][1][1] rE[i][1][2]

[ [

2
1101 rE[i][2][1] rE[i][2][2]
j ] equal to 0 indicates that.thé sign of the j-th component of the translation vector
ositive. sign_t[i][j] equalto 1 indicates that the sign is negative.

1[0] rE[i][0][1
i

[
] (01
1 rE[][A]]
]

[[ i ][ j ] specifies the ‘exponent part of the j-th component of the translation vector
b value of exponenfit['i ][ j ] shall be in the range of 0 to 62, inclusive. The value 63 is 1
y ITU-T | ISO/IEC;Pecoders shall treat the value 63 as indicating an unspecified translz

[i][]j] specifies the mantissa part of the j-th component of the translation vector
e lengthv-0f the mantissa_t[i][j ] syntax element in units of bits is variable and is det

for the i-th

for the i-th
eserved for
bn matrix.

for the i-th
ermined as

r[i] + prec_

(53)

for the i-th

for the i-th
eserved for
tion vector.

for the i-th
ermined as

If expo

hent, t[i]is equal to 0, the length v is set equal to Max( 0, prec_translation_param - 310 ).

param

-31).

© ISO/IEC 2024 - All rights reserved
100

Otherwise (0 < exponent_t[i] < 63), the length v is set equal to Max( 0, exponent_t[i] + prec_translation_


https://iecnorm.com/api/?name=df77cb43bf7ec9059cde2775b5d5f589

ISO/IEC 23002-7:2024(en)

The translation vector T[ i ] for the i-th camera is represented by:
rE[i][0]
rE[i][1] (54)
rE[i][2]

The association between the camera parameter variables and corresponding syntax elements is specified

by Table 16. Each component of the intrinsic and rotation matrices and the translation vector is obtained
from the variables specified in Table 16 as the variable x computed as follows:

— Ifeisin the range of 0 to 63, exclusive, x is set equal to (-1 )s*2e-31* (1 +n + 2V).

— Otherwise (e is equal to 0), x is set equal to (-1 )s* 2-(30+v) * p,

NOTE Tihe above specification is similar to that found in IEC 60559:1989.

T4qble 16 — Association between camera parameter variables and syntax\éléments.

X s e n
focalLengthX]i|] sign_focal_length_x[i] exponent_focal_length_x[1i] mantissa_focal_length_x[1i]
focalLenpthY[i|] sign_focal_length_y[i] exponent_focal_length_y[i] mantissa_focal_lepgth_y[i]

principalRointX[i] | sign_principal_point_x[i] |exponent_principal_point_ x[<]| mantissa_principal|point_x[i]

principalRointY[i] | sign_principal_point_y[i] |exponent_principal_point_y|[i]| mantissa_principal|point_y[1i ]

skewFagtor[ i ] sign_skew_factor| i | exponent_skew_factor|[ i ] mantissa_skew_flactor[ i ]
rE[i][j1[ k] sign_r[i][j][ k] exponent_p{ i j][ k] mantissa_r[i][j][k]
tE[i][j] sign_t[i][j] exponénb_t[i][j] mantissa_t[{][j]

8.21 Multiview view position SEI message

8.21.1 Mulltiview view position SEI message syntax

multiview [view_position( payloadSize ) { D¢scriptor

num_views_minus1 ue(v)

for(i=(; i <= num_views_minuslji+* )

view|position[ i ] ue(v)

}

8.21.2 Multiview view'position SEI message semantics

The multiview view position SEI message specifies the relative view position along a single horjzontal axis
of views within a€VS.

When a myltiview view position SEI message is present in any AU of a CVS, a multiview view position SEI
message shall be present for the first AU of the CVS. All multiview view position SEI messages in a CVS shall
have the same content.

When a CVS does not contain an SDI SEI message, the CVS shall not contain a multiview view position SEI
message.

When an AU contains both an SDI SEI message and a multiview view position SEI message, the SDI SEI
message shall precede the multiview view position SEI message in decoding order.

Some of the views for which the view position information is included in a multiview view position SEI
message may not be present in the current CVS.

num_views_minus1 plus 1 shall be equal to NumViews derived from the SDI SEI message for the CVS.
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view_position| i | indicates the order of the view with view identifier equal to Viewld[ i ] among all the
views from left to right for the purpose of display, with the order for the left-most view being equal to 0 and
the value of the order increasing by 1 for next view from left to right. The value of view_position|[ i ] shall be

in the range of 0 to 62, inclusive.
8.22 Depth representation information SEI message

8.22.1 Depth representation information SEI message syntax

depth_representation_info( payloadSize ) { Descriptor
z_near_flag u(1)
z_far_flag u(1)
d_min_{lag u(1)
d_max_flag u(1)
depth_ilepresentation_type ue(v)
if( d_mip_flag | | d_max_flag)
disparity_ref_view_id ue(v)
if( z_nedr_flag)
deptH_rep_info_element( ZNearSign, ZNearExp, ZNearMantissa,
ZNearManLen )
if( z_far]flag)
depth_rep_info_element( ZFarSign, ZFarExp, ZFarMantissa, ZFarManLen )
if( d_min_flag)
depth_rep_info_element( DMinSign, DMinExp, DMinMantissa, DMinManLen )
if( d_malx_flag)
deptH_rep_info_element( DMaxSign, DMaxExp; DMaxMantissa, DMaxManLen )
if( depth_representation_type ==3) {
depth_nonlinear_representation_num_minus1 ue(v)
for(ifF 1;1i <= depth_nonlinear_representation_num_minusl + 1; i++)
depth_nonlinear_representation_model] i | ue(v)
}
}
8.22.1.1 Depth representation information element syntax
depth_rep|info_element( OutSign, OutExp, OutMantissa, OutManLen ) { Dé¢scriptor
da_sign| flag u(1)
da_expenent u(7)
da_mantissa_len_minus1 u(5)
da_mantissa u(v)

}

8.22.2 Depth representation information SEI message semantics

The syntax elements in the depth representation information (DRI) SEI message specify various parameters
for auxiliary pictures of type AUX_DEPTH for the purpose of processing decoded primary and auxiliary
pictures prior to rendering on a 3D display, such as view synthesis. Specifically, depth or disparity ranges for

depth pictures are specified.
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Use of this SEI message requires the definition of the following variable:
— Abitdepth for the samples of the luma component, denoted herein by BitDepthy,.

When a CVS does not contain an SDI SEI message with sdi_aux_id[ i ] equal to 2 for at least one v
picture in the CVS shall be associated with a DRI SEI message.

alue of i, no

When an AU contains both an SDI SEI message with sdi_aux_id[ i ] equal to 2 for at least one value of i and a

DRI SEI message, the SDI SEI message shall precede the DRI SEI message in decoding order.

When present, the DRI SEI message shall be associated with one or more layers that are indicated as depth

auxiliary layers by an SDI SEI message. The following semantics apply separately to each n
targetLayerld among the nuh_layer_id values to which the DRI SEI message applies.

uh_layer_id

When present, the DRI SEI message may be included in any access unit. It is recommended
present, the SEI message is included for the purpose of random access in an access unit in whic
picture with nuh_layer_id equal to targetLayerld is an IRAP picture.

The information indicated in the SEI message applies to all the pictures with muh_layer_
targetLayefld from the access unit containing the SEI message up to but excluding the next
decoding ofder, associated with a DRI SEI message applicable to targetLayerld.onto the end of
the nuh_layer_id equal to targetLayerld, whichever is earlier in decoding order.

equal to 0 specifies that the syntax elements specifying the nearest depth value are
x structure. z_near_flag equal to 1 specifies that the syntax elements specifying
are present in the syntax structure.

qual to 0 specifies that the syntax elements specifying the farthest depth value are
x structure. z_far_flag equal to 1 specifies that the Syntax elements specifying the far

value are pfesent in the syntax structure.

d_min_fla
present in
minimum

equal to 0 specifies that the syntax elements specifying the minimum disparity v3
he syntax structure. d_min_flag equalto’1 specifies that the syntax elements spq
isparity value are present in the syntax structure.

d_max_fla
present in
maximum

equal to 0 specifies that the syntax elements specifying the maximum disparity v{
he syntax structure. d_max_flag equal to 1 specifies that the syntax elements spe
isparity value are present in-the syntax structure.

depth_representation_type specifies the representation definition of decoded luma samples
pictures as|specified in Table 1Z. In Table 17, disparity specifies the horizontal displacement bg
iews and Z value specifies the distance from a camera. The value of depth_represen
shall be in|the range of 0(t9-3, inclusive, in bitstreams conforming to this version of this doc
values of 4[to 15, inclusive, for depth_representation_type are reserved for future use by ITU-|
Although the value of depth_representation_type is required to be in the range of 0 to 3, inclu
version of this document, decoders shall also allow values of depth_representation_type in the

that, when
h the coded

d equal to
picture, in
the CLVS of

not present
the nearest

not present
thest depth

lue are not
cifying the

lue are not
cifying the

bf auxiliary
btween two
tation_type
himent. The
[ | ISO/IEC.
bive, in this

range of 4

to 15, inclusive o appear in the syntax. Decoders conforming to this version of this document :
the bits thatdfollow a value of depth_representation_type in the range of 4 to 15, inclusive, i
representation’information SEl message

hall ignore

1|1 the depth

The variable maxVal is set equal to ( 1 << BitDepthy ) - 1.
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Table 17 — Definition of depth_representation_type

depth_representation_type

Interpretation

0

Each decoded luma sample value of an auxiliary picture represents an inverse of Z
value that is uniformly quantized into the range of 0 to maxVal, inclusive.

When z_far_flagis equal to 1, the luma sample value equal to 0 represents the
inverse of ZFar (specified below). When z_near_flag is equal to 1, the luma sample
value equal to maxVal represents the inverse of ZNear (specified below).

Each decoded luma sample value of an auxiliary picture represents disparity that is
uniformly quantized into the range of 0 to maxVal, inclusive.

When d_min_flag is equal to 1, the luma sample value equal to 0 represents DMin
(specified below). When d_mazx_flag is equal to 1, the luma sample value equal to
maxVal represents DMax (specified below).

Each decoded luma sample value of an auxiliary picture represents a Z vallue uni-
formly quantized into the range of 0 to maxVal, inclusive.
When z_far_flag is equal to 1, the luma sample value equal to 0 corresponds to ZFar
(specified below). When z_near_flag is equal to 1, the luma sample'value gqual to

maxVal represents ZNear (specified below).

Each decoded luma sample value of an auxiliary picturetepresents a nontlinearly
mapped disparity, normalized in range from 0 to maxVal;’as specified by fepth_non-
linear_representation_num_minus1 and depth_nonlinear_representation| model[ i ].
When d_min_flag is equal to 1, the luma samplevdlue equal to 0 represents DMin
(specified below). When d_max_flag is equal to\l, the luma sample value ¢qual to
maxVal represents DMax (specified below)!

Ot

her values

Reserved for future use

disparity_1
disparity_r

NOTE1 T
the SDI SEI 1

NOTE 2
depth_repre

The variab
columns of

— Ifthe v
—  Otherw

NOTE3 T

ref_view_id specifies the view identifier for which the disparity values are derived. The value of
ef view_id shall be in the range of 0 to 1023, inclusive.

he view identifier of the i-th view in the current‘CVS is equal to Viewld[ i ] as specified in the femantics of
hessage in subclause 8.19.2.

disparity_ref view_id is present only if d sthin_flag is equal to 1 or d_max_flag is equal to 1 and|is useful for
sentation_type values equal to 1 and 3.

es in the x column of Table 18’are derived from the respective variables in the sf e, n and v
Table 18 as follows:
plue of e is in the range 0f 0 to 127, exclusive, x is set equal to (-1)s*2¢-31* (1 +n +[2v).
ise (e is equal to0),X is set equal to (-1 )s* 2-(30+ V) *
he above specification is similar to that found in [EC 60559:1989.
'able 18.— Association between depth parameter variables and syntax elementfs
X S e n v

ZNaar ZNaarSian ZNaoarEvn ZNaarManticcn NaoarManl an

ZNear ZNearSign ZNearExp ZNearMantiss ZNearManlen

ZFar ZFarSign ZFarExp ZFarMantissa ZFarManLen

DMax DMaxSign DMaxExp DMaxMantissa DMaxManLen

DMin DMinSign DMinExp DMinMantissa DMinManLen

The DMin and DMax values, when present, are specified in units of a luma sample width of the associated
primary picture of the auxiliary picture of type AUX_DEPTH.

The units for the ZNear and ZFar values, when present, are identical but unspecified.

depth_nonlinear_representation_num_minus1 plus 2 specifies the number of piece-wise linear segments
for mapping of depth values to a scale that is uniformly quantized in terms of disparity. The value of depth_
nonlinear_representation_num_minus1 shall be in the range of 0 to 62, inclusive.
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depth_nonlinear_representation_model| i ] for i ranging from 0 to depth_nonlinear_representation_
num_minusl + 2, inclusive, specify the piece-wise linear segments for mapping of decoded luma sample
values of an auxiliary picture to a scale that is uniformly quantized in terms of disparity. The value of
depth_nonlinear_representation_model[ i ] shall be in the range of 0 to 65 535, inclusive. The values of
depth_nonlinear_representation_model[ 0 ] and depth_nonlinear_representation_model[ depth_nonlinear_
representation_num_minus1 + 2 ] are both inferred to be equal to 0.

NOTE4  When depth_representation_type is equal to 3, an auxiliary picture contains non-linearly transformed
depth samples. The variable DepthLUT][ i ], as specified below, is used to transform decoded depth sample values
from the non-linear representation to the linear representation, i.e., uniformly quantized disparity values. The shape
of this transform is defined by means of line-segment approximation in two-dimensional linear-disparity-to-non-
linear-disparity space. The first ( 0, 0 ) and the last ( maxVal, maxVal ) nodes of the curve are predefined. Positions of

additional nodes are transmitted in form of deviations (depth_nonlinear_representation_model[ i ]) from the straight-
llne curve. These - deviations are nhiFnrm]y distributed q]nng the whaole rapge of O to mqv‘!q]’ inr]nci"n' vyith Spac1ng

depending o
of 0 to maxV|

n the value of depth_nonlinear_representation_num_minus1. The variable DepthLUT] i ] ford
al, inclusive, is specified as follows:

in the range

for( k 3 0; k <= depth_nonlinear_representation_num_minus1 + 1; k++ ) {
posl = ( maxVal *k) / (depth_nonlinear_representation_num_minusl + 2 )
dev] = depth_nonlinear_representation_model[ k |
pos3 = (maxVal * (k+ 1))/ (depth_nonlinear_representation_num_minusl + 2 )

2 = depth_nonlinear_representation_model[ k + 1 ]

x1 =|pos1 - devl
y1 =[pos1 + devl (55)
x2 =[pos2 - dev2
y2 =[pos2 + dev2

for( |k = Max( x1, 0 ); x <= Min( x2, maxVal ); x++)
DepthLUT[ x ] = Clip3( 0, maxVal, Round( ((x=x1)*(y2-yl1))+(x2-x1)+yl)
}

When dept
auxiliary p
the range o

h_representation_type is equal to 3, RepthLUT[ dS ] for all decoded luma sample valijies dS of an
cture in the range of 0 to maxVal, iriclusive, represents disparity that is uniformly quantized into
0 to maxVal, inclusive.

8.22.2.1 Depth representation information element semantics

The syntax|structure specifies the value of an element in the DRI SEI message.

The depth
values of th
When the §
OutMantisq
syntax stry

e sets the
boint value.
bn, OutExp,
d when the

| rep_info_element() OutSign, OutExp, OutMantissa, OutManLen ) syntax structut
e OutSign, OutExp, OutMantissa and OutManLen variables that represent a floating-
yntax stru¢ture is included in another syntax structure, the variable names OutSi
a and OutManLen are to be interpreted as being replaced by the variable names use
cturesircluded.

da_sign_fl;
indicates t}

hg'equal to 0 indicates that the sign of the floating-point value is positive. da_sign_fla

PR | 3 3 43 Tl solal ot Qo 3 4 14 | 3 £1
dU LT SIgIT IS TITEAUIVE,. T1IT VAT IdUIT UULOIgIT IS STLTYUATI tU Ud_SIgll_T1dg.

b equal to 1

da_exponent specifies the exponent of the floating-point value. The value of da_exponent shall be in the
range of 0 to 27 - 2, inclusive. The value 27 - 1 is reserved for future use by ITU-T | ISO/IEC. Decoders shall
treat the value 27 - 1 as indicating an unspecified value. The variable OutExp is set equal to da_exponent.

da_mantissa_len_minus1 plus 1 specifies the number of bits in the da_mantissa syntax element. The
variable OutManLen is set equal to da_mantissa_len_minus1 + 1.

da_mantissa specifies the mantissa of the floating-point value. The variable OutMantissa is set equal to
da_mantissa.
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8.23 Alpha channel information SEI message

8.23.1 Alpha channel information SEI message syntax

alpha_channel_info( payloadSize ) { Descriptor
alpha_channel_cancel_flag u(1)
if( lalpha_channel_cancel_flag ) {
alpha_channel_use_idc u(3)
alpha_channel_bit_depth_minus8 u(3)
alpha_transparent_value u(v)
alpha-epaque—vatue u(v)
alphd_channel_incr_flag u(1)
alphd_channel_clip_flag u(1)
if(algha_channel_clip_flag)
algha_channel_clip_type_flag u(1)
}
}
8.23.2 Alpha channel information SEI message semantics
The alpha ¢hannel information (ACI) SEI message provides information about alpha channel sample values
and post-processing applied to the decoded alpha planes codéd in auxiliary pictures of type AUX_ALPHA
and one or more associated primary pictures.
When a CV} does not contain an SDI SEI message with sdiraux_id[ i ] equal to 1 for at least one vplue of i, no

pictureint

When an Al
ACI SEI me

When an a
that is indi
persistin o

— Thene
A CLVS
The bit

A CLVS
nuhLay

he CVS shall be associated with an ACI SElunessage.

J contains both an SDI SEI message with'sdi_aux_id[ i] equal to 1 for at least one valug
sage, the SDI SEI message shall precede the ACI SEI message in decoding order.

fcess unit contains an auxiliagy_picture picA in a layer, with nuh_layer_id equal to nu
fated as an alpha auxiliary layer by an SDI SEI message, the alpha channel sample va
utput order until one or more of the following conditions are true:

Kt picture, in outputorder, with nuh_layer_id equal to nuhLayerlIdA is output.
containing theauxiliary picture picA ends.
stream ends:;

of any~associated primary layer of the auxiliary picture layer with nuh_layer_
rerldA ends.

The followi
to which th

b of i and an

hLayerldA,
ues of picA

d equal to

e ACI SEI message applies.

pr_id values

alpha_channel_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any
previous ACI SEI message in output order that applies to the current layer. alpha_channel_cancel_flag equal

to 0 indicat

es that ACI follows.

Let currPic be the picture that the ACI SEI message is associated with. The semantics of ACI SEI message
persist for 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 bit

stream ends.
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— A picture in the current layer in an AU associated with an ACI SEI message is output that follows the
current picture in output order.

alpha_channel_use_idc equal to 0 indicates that for alpha blending purposes the decoded samples of the
associated primary picture should be multiplied by the interpretation sample values of the decoded auxiliary
picture in the display process after output from the decoding process. alpha_channel_use_idc equal to 1
indicates that for alpha blending purposes the decoded samples of the associated primary picture should not
be multiplied by the interpretation sample values of the decoded auxiliary picture in the display process after
output from the decoding process. alpha_channel_use_idc equal to 2 indicates that the usage of the auxiliary
picture is unspecified. Values greater than 2 for alpha_channel_use_idc are reserved for future use by
ITU-T | ISO/IEC. When not present, the value of alpha_channel_use_idc is inferred to be equal to 2. Decoders
shall ignore alpha channel information SEI messages in which alpha_channel_use_idc is greater than 2.

ample array of
associated

considered
for purposes of alpha blending. The number of bits used for the representation of the alpha_

_value syntax element is alpha_channel_bit_depth_minus8 + 9.

alpha_opafjue_value specifies the interpretation sample value of a decaod€d auxiliary picture Iy
for which the associated luma and chroma samples of the primary coded picture are conside
for purposg¢s of alpha blending. The number of bits used for the représentation of the alpha_op
syntax element is alpha_channel_bit_depth_minus8 + 9.

Ima sample
red opaque
aque_value

A value of alpha_opaque_value that is equal to alpha_transparent_value indicates that the auxi
picture is npt intended for alpha blending purposes.

liary coded

NOTE 1 or alpha blending purposes, alpha_opaque_valueean be greater than alpha_transparent_valug or it can be

less than or pqual to alpha_transparent_value.

alpha_cha
auxiliary p
of alpha bl

nel_incr_flag equal to O indicatestthat the interpretation sample value for ea¢h decoded
cture luma sample value is equakte the decoded auxiliary picture sample value fqr purposes
ending. alpha_channel_incr_flag-equal to 1 indicates that, for purposes of alpha blending, after
decoding the auxiliary picture samples,~any auxiliary picture luma sample value that is greater than
Min( alphajopaque_value, alpha_transparent_value ) should be increased by one to obtain the intprpretation
sample valyie for the auxiliary pictlire sample and any auxiliary picture luma sample value that|is less than
or equal to|Min( alpha_opaque.value, alpha_transparent_value ) should be used, without alteration, as the
interpretation sample value for-the decoded auxiliary picture sample value.

When alph
transpare

h_transparent_value is equal to alpha_opaque_value or Log2( Abs( alpha_opaque_val
_value ) ) does not have an integer value, alpha_channel_incr_flag shall be equal to 0.

ue - alpha_

alpha_channel_clip-flag equal to 0 indicates that no clipping operation is applied to
interpretatjon sample values of the decoded auxiliary picture. alpha_channel_clip_flag equal to
that the inter'pretation sample values of the decoded auxiliary picture are altered according to 1

obtain the
1 indicates
he clipping

process described by theatpha_—chamnmet chp-type_flagsyntaxetement:

alpha_channel_clip_type_flag equal to 0 indicates that, for purposes of alpha blending, after decoding
the auxiliary picture samples, any auxiliary picture luma sample that is greater than ( alpha_opaque_
value + alpha_transparent_value ) / 2 is set equal to Max( alpha_transparent_value, alpha_opaque_value )
to obtain the interpretation sample value for the auxiliary picture luma sample and any auxiliary picture
luma sample that is less or equal than ( alpha_opaque_value + alpha_transparent_value ) / 2 is set equal
to Min( alpha_transparent_value, alpha_opaque_value ) to obtain the interpretation sample value for the
auxiliary picture luma sample. alpha_channel_clip_type_flag equal to 1 indicates that, for purposes of alpha
blending, after decoding the auxiliary picture samples, any auxiliary picture luma sample that is greater
than Max( alpha_transparent_value, alpha_opaque_value ) is set equal to Max( alpha_transparent_value,
alpha_opaque_value ) to obtain the interpretation sample value for the auxiliary picture luma sample and
any auxiliary picture luma sample that is less than or equal to Min( alpha_transparent_value, alpha_opaque_
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value ) is set equal to Min( alpha_transparent_value, alpha_opaque_value ) to obtain the interpretation
sample value for the auxiliary picture luma sample.

When both alpha_channel_incr_flag and alpha_channel_clip_flag are equal to one, the clipping operation
specified by alpha_channel_clip_type_flag should be applied first, followed by the alteration specified by
alpha_channel_incr_flag, to obtain the interpretation sample value for the auxiliary picture luma sample.

Alpha blending composition is ordinarily performed with a background picture B, a foreground picture F,
and a decoded auxiliary picture A, all of the same size. Assume for purposes of example illustration that
the chroma resolutions of B and F, if different from the luma resolution, have been upsampled to the same
resolution as the luma. Denote corresponding samples of B, F and A by b, fand a, respectively. Denote luma and
chroma samples by subscripts Y, Cb and Cr. Each component, e.g., Y, is also assumed for purposes of example
illustration to have the same bit depth in each of the pictures B and F. However, different components, e.g.,

Y and Cb, cpmhave different bit depths in this exampie. 1€ Sampies of pIcCtures B and F may, ajternatively
represent green, blue and red component values (see clause 7.3), although the Formulae 56, t6| 67 use the
subscripts J, Cb and Cr for the three components.
Define the yariables alphaRange, alphaFwt and alphaBwt for each luma sample ay of the‘auxilialty picture A
as follows:
alphaRange = Abs( alpha_opaque_value - alpha_transparent_value ) (56)
alphaFyt = Abs( ay - alpha_transparent_value ) (57)
alphaByt = Abs( ay - alpha_opaque_value ) (58)
A picture fgrmat that is often useful for editing or direct viewing, and that is commonly used, i called pre-
multiplied-plack video. Pre-multiplied-black video has the ‘characteristic that the decoded pidture F will
appear the|same regardless of whether it is viewed direetly without alpha blending compositior] or is alpha
blended with a black background. The use of alpha‘“hannel_use_idc equal to 0 corresponds With source
video that |s not pre-multiplied-black video, and,the use of alpha_channel_use_idc equal to 1 cprresponds
with sourc¢ video that is pre-multiplied-black yideo.
An exampl¢ of operation of the alpha blending composition process to produce a displayed picture D with
sample valjies d from the pictures B and Fis as follows:
— Ifalphg_channel_use_idc is equalto 0, the samples d of the displayed picture D are calculated as follows:
dy = (qlphaFwt * fy + alphaBwt * by + alphaRange / 2 ) / alphaRange (59)
dcp, = (jalphaFwt * f&.+ alphaBwt * b, + alphaRange / 2') / alphaRange (60)
dc, = (plphakEwt™ f.. + alphaBwt * b, + alphaRange / 2 ) / alphaRange (61)
— Otherwise (:\]pha_r‘hahnn]_nco_iﬂr 1S nqnn] to 1)’ the camp]nc dofthe Hicp]aynﬂ pirhlrn D aré calculated
as follows:
dy =fy + (alphaBwt * by + alphaRange / 2 ) / alphaRange (62)
dcy, = fcp + (alphaBwt * b, + alphaRange / 2 ) / alphaRange (63)
dc, =f¢. + (alphaBwt * b, + alphaRange / 2) / alphaRange (64)
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NOTE 2 In this case, it is expected that the encoder produces its pre-multipled-black source video picture S with
sample values s from some original input picture T with sample values t as expressed by Formulae 65 to 67, so that
when the decoded picture F is a close approximation of the pre-multipled-black source video picture S, the cascaded
effect of Formulae 65 to 67 followed by Formulae 62 to 64 is approximately the same as expressed in Formulae 59 to 61.

sy = (alphaFwt * ty ) / alphaRange (65)
Scp, = (alphaFwt * t;, ) / alphaRange (66)
Scy = (alphaFwt * t..) / alphaRange (67)

NOTE 3  In the event that the background picture B is represented using green, blue and red component values (see
clause 7.3) ifi a manner such that the colour black is represented by all three component values being equEl to 0, when
the backgrofind picture B is black, the operation expressed by Formulae 62 to 64 becomes simply dy.= fy, d¢,, = f,, and
dc, = f¢- Thip can help to explain the “pre-multiplied black” term, as the expressions in Formulae 65'to0 67[are referred
to as the pre-multiplication for the black background combination.
For the casg with alpha_channel_use_idc equal to 1, somewhat modified processing should be applied when
the colour fepresentation domain is different from the use of green, blue, and red-colour compo(:llent values,
or with the|use of a non-zero black level. Unless the colour black is represented by-all three component values
by, bcp, and|b.,. being equal to 0, Formulae 62 to 64 do not simplify to dy =Ay,-d.}, = f¢,, and d.,. q f;, for pre-
multiplied-plack video content.
8.24 Extepded DRAP indication SEI message
8.24.1 Extended DRAP indication SEI message syntax
extended_¢lrap_indication( payloadSize ) { D¢scriptor
edrap_rjap_id_minus1 u(16)
edrap_lpading_pictures_decodable_flag u(1)
edrap_rjeserved_zero_12bits u(12)
edrap_njum_ref _rap_pics_minus1 u(3)
for(i=(;i<=edrap_num_ref_rap_pi¢s_minusl; i++)
edrap_ref_rap_id[i] u(16)
}
8.24.2 Extended DRAP ifidication SEI message semantics
The picturg associate@-with an extended DRAP (EDRAP) indication SEI message is referred to ag an EDRAP
picture.
The preserjce-of the EDRAP indication SEI message indicates that the constraints on picturg order and
picture refgrencing specified in this subclause apply. These constraints can enable a decoder fo properly

decode the EDRAP picture and the pictures that are in the same layer and follow it in both decoding order
and output order without needing to decode any other pictures in the same layer except the list of pictures
referenceablePictures. The list referenceablePictures consists of the list of IRAP or EDRAP pictures that
present in the current CLVS and are identified by the edrap_ref rap_id[ i ] syntax elements, and these
pictures are listed in decoding order in the list.

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

— The EDRAP picture is a trailing picture.

— The EDRAP picture has a temporal sublayer identifier equal to 0.
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— The EDRAP picture does not include any pictures in the same layer in the active entries of its reference
picture lists except the referenceablePictures.

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

— Any picture in the list referenceablePictures does not include, in the active entries of its reference
picture lists, any picture that is in the same layer and is not a picture at an earlier position in the list
referenceablePictures.

NOTE

Consequently, the first picture in referenceablePictures, even when it is an EDRAP picture instead of an

lists.

IRAP pictur

edrap_rap
picture.

Each IRAP
inferred to
picture sh

edrap_le

— Any pi
output

— Any pic
EDRAH
picture
of the 11

edrap_lead

edrap_resq
Other valusg
ignore the J

edrap_num_ref_rap_pics_minus1 plds'l indicates the number of IRAP or EDRAP pictures that

the same C

of the EDRAP picture.

edrap_ref
of the refer
associated
the current

]

doesnotinclude anvnicture from-the same laverin the active entries of its reference nictur
4 J J r

[id_minus1 plus 1 specifies the RAP picture identifier, denoted as RapPicld,. of

pbr EDRAP picture is associated with a RapPicld value. The RapPicld valuéfor an IRA
be equal to 0. The RapPicld values for any two EDRAP pictures associated with the
| be different.

ing_pictures_decodable_flag equal to 1 specifies that both ofthe’following constra

‘ture that is in the same layer and follows the EDRAP pictare'in decoding order sha

ture that is in the same layer and follows the EDRAP, picture in decoding order and p
picture in output order shall not include, in the 4active entries of its reference pictu

eferenceablePictures.
ng_pictures_decodable_flag equal to 0 de€s not impose such constraints.

prved_zero_12bits shall be equal to.0iin bitstreams conforming to this version of this
s for edrap_reserved_zero_12bits\are reserved for future use by ITU-T | ISO/IEC. Deg
ralue of edrap_reserved_zero_12bits.

VS as the EDRAP pictureyand may be included in the active entries of the reference j

rap_id[ i ] indicates RapPicld of the i-th RAP picture that may be included in the ac
ence pictureglists of the EDRAP picture. The i-th RAP picture shall be either the IR
with the current EDRAP picture or an EDRAP picture associated with the same IRA}
EDRAPpicture.

8.25 Disp

ray orientation SEI message

the EDRAP

P picture is
same [RAP

nts apply:

11 follow, in

order, any picture that is in the same layer and precedes the EDRAP picture in decoding order.

recedes the
e lists, any

that is in the same layer and precedes the EDRAP picture in decoding order, with the exception

document.
oders shall

are within
icture lists

tive entries
AP picture
P picture as

8.25.1 Display orientation SEI message syntax

display_orientation( payloadSize ) { Descriptor
display_orientation_cancel_flag u(1)
if( !display_orientation_cancel_flag ) {
display_orientation_persistence_flag u(1)
display_orientation_transform_type u(3)
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display_orientation_reserved_zero_3bits

u(3)

8.25.2 Display orientation SEI message semantics

When the associated picture has PicOutputFlag equal to 1, the display orientation SEI message informs the
decoder of a transformation that is recommended to be applied to the cropped decoded picture prior to

display.

display_orientation_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of
any previous display orientation SEI message in output order. display_orientation_cancel_flag equal to 0

indicates th

display_or
the current

display_ori
the current

display_ori
to the curr
until one oy

A new

The bit

— A pictu
follows

display_or
When disp
mirroring.

at display orientation information follows.

layer.

entation_persistence_flag equal to 0 specifies that the display orientatiom\SEI messag
decoded picture only.

entation_persistence_flag equal to 1 specifies that the display drientation SEI mess
ent decoded picture and persists for all subsequent pictures of the current layer in o
more of the following conditions are true:

CLVS of the current layer begins.
stream ends.

re in the current layer in an AU associated with a display orientation SEI message is
the current picture in output order.

entation_transform_type specifies the rotation and mirroring to be applied to t

[he values of display_transform_tyfe are specified in Table 19.

Table 19 — display_orientation_transform_type values

entation_persistence_flag specifies the persistence of the display orientatiomSEI message for

e applies to

age applies
htput order

output that

he picture.

ay_orientation_transform_type specifies both rotation and mirroring, rotation applies before

Value Description

no transform

minroring horizontally

rotation by 180 degrees (anticlockwise)

rotation by 180 degrees (anticlockwise) before mirroring horizontally

rotation by 90 degrees (anticlockwise) before mirroring horizontally

rotation by 90 degrees (anticlockwise)

rotation by 270 degrees (anticlockwise) before mirroring horizontally

N OV |G | W N =

rotation by 270 degrees (anticlockwise)

display_orientation_reserved_zero_3bits shall be equal to 0 in bitstreams conforming to this version
of this document. Other values for display_orientation_reserved_zero_3bits are reserved for future use by
ITU-T | ISO/IEC. Decoders shall ignore the value of display_orientation_reserved_zero_3bits.
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8.26 Colour transform information SEI message

8.26.1 Colour transform information SEI message syntax

colour_transform_info( payloadSize ) { Descriptor
colour_transform_id ue(v)
colour_transform_cancel_flag u(1)
if( !colour_transform_cancel_flag) {
colour_transform_persistence_flag u(1)
colour_transform_video_signal_info_present_flag u(1)
if( colptr—transform-video—stgnal-infopresent—ftag 3+
collour_transform_full_range_flag u(1)
collour_tranform_primaries u(8)
collour_transform_transfer_function u(8)
collour_transform_matrix_coefficients u(8)
}
coloqr_transform_bit_depth_minusS u(4)
colodr_transform_logz_number_of_points_per_lut_minusl u(3)
colodr_transform_cross_component_flag u(1)

if( colour_transform _cross_component_flag )
colour_transform_cross_comp_inferred_flag u(1)

for(iF 0; i< colourTransformsSize; i++ )
colour_transf lut[ 0 ][i] u(v)

if( colour_transform_cross_component_flag = =@] |
olour_transform_cross_comp_inferred*flag==0){

colour_transform_lut2_present_flag u(1)

for[ i =0; i < colourTransformSize; i++)

¢olour_transf_lut[1][i] u(v)

if( folour_transform_lut2_present_flag)

for(i=0;1i< colourTransformSize; i++ )

colour_transf Jutf2 |[i] u(v)

} else
colour_transform_chroma_offset u(v)

}

8.26.2 Colourtramsformrimfornratiomr SEf mressage semmamtics
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.

The colour transform information (CTI) SEI message provides information to enable remapping of the
reconstructed colour samples of the output pictures for purposes such as converting the output pictures
to a representation that is more suitable for an alternative display. The colour transform model used in the
CTI SEI message is composed of a first piece-wise linear function applied to the first colour component.
Depending on the values of syntax elements colour_transform_cross_component_flag, colour_transform_
cross_comp_inferred_flag, and colour_transform_lut2_present_flag, one or two additional piece-wise linear
functions may be signalled for the second and third colour components.
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When ChromaFormatldc is equal to 0 (monochrome), the CTI SEI message shall not be present, although
decoders shall also allow such messages to be present and shall ignore any such CTI SEI messages when
present.

colour_transform_id contains an identifying number that may be used to identify the purpose of the CTI.
The value of colour_transform_id may be used (in a manner not specified in this document) to indicate that
the input to the remapping process is the output of some conversion process that is not specified in this
document, such as a conversion of the picture to some alternative colour representation (e.g., conversion
from a YCbCr colour representation to a GBR colour representation). When more than one CTI SEI message is
present with the same value of colour_transform_id, the content of these CTI SEI messages shall be the same.
When CTI SEI messages are present that have more than one value of colour_transform_id, this may indicate
that the remapping processes indicated by the different values of colour_transform_id are alternatives
that are provided for different purposes or that a cascading of remapping processes is to be applied in a
sequential prder (an order that is not specified in this document). The value of colour_transform|_id shall be
in the rangg of 0 to 232 - 2, inclusive.

Values of ¢
application
reserved fd

blour_transform_id from 0 to 255 and from 512 to 231 - 1 may be used as determ
Values of colour_transform_id from 256 to 511, inclusive, and from 231 t0)232 - 2, in
r future use by ITU-T | I[SO/IEC. Decoders shall ignore the CTI SEI messages contair

ned by the
clusive, are
ing a value

of colour_ty
bitstreams

NOTE T
different di

ansform_id in the range of 256 to 511, inclusive, or in the range of 234to 232 - 2, in
conforming to this edition of this document shall not contain colour-trahsform_id with

he colour_transform_id can be used to support different remapping processes that are
splay scenarios. For example, different values of colour_transform_id may correspond

Clusive, and
buch values.

suitable for
to different

remapped colour spaces supported by displays.

colour_tra
previous C
equalto 0 i

hsform_cancel_flag equal to 1 indicates that the CTI SEI message cancels the persist
[l SEI message in output order that applies to thie,eurrent layer. colour_transform |
hdicates that CTI follows.

ence of any
cancel_flag

colour_trapsform_persistence_flag specifies the persistence of the CTI SEI message for the cuijrent layer.

colour_tran he current

decoded pi

sform_persistence_flag equal to 0 spécifies that the CTI SEI message applies to {
‘ture only.

colour_tran
decoded pi
more of thg

sform_persistence_flag equal to 1 specifies that the CTI SEI message applies to the current
cture and persists for all subsequent pictures of the current layer in output order yntil one or
following conditions are true:

A new

CLVS of the current layer-begins.

The bitlstream ends.

— A picty follows the

curren

re in the curirent layer in an AU associated with a CTI SEI message is output that
[ picture inoutput order.

colour_trapsform:=video_signal_info_present_flag equal to 1 specifies that syntax elemepts colour_
transform_ffull.xange_flag, colour_transform_primaries, colour_transform_transfer_function gnd colour_
transform_jmatrix_coefficients are present, colour_transform_video_signal_info_present_flag jequal to 0
specifies that syntax elements colour_transform_full_range_flag, colour_transform_primaries, colour_

transform_transfer_function and colour_transform_matrix_coefficients are not present.

q

colour_transform_full_range_flag has the same semantics as specified in subclause 7.3 for the vui_full_
range_flag syntax element, except that colour_transform_full_range_flag identifies the colour space of the
remapped reconstructed picture, rather than the colour space used for the CLVS. When not present, the
value of colour_transform_full_range_flag is inferred to be equal to the value of vui_full_range_flag.

colour_transform_primaries has the same semantics as specified in subclause 7.3 for the vui_colour_
primaries syntax element, except that colour_transform_primaries identifies the colour space of the
remapped reconstructed picture, rather than the colour space used for the CLVS. When not present, the
value of colour_transform_primaries is inferred to be equal to the value of vui_colour_primaries.
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colour_transform_transfer_function has the same semantics as specified in subclause 7.3 for the vui_
transfer_characteristics syntax element, except that colour_transform_transfer_function identifies the
colour space of the remapped reconstructed picture, rather than the colour space used for the CLVS. When
not present, the value of colour_transform_transfer_function is inferred to be equal to the value of vui_
transfer_characteristics.

colour_transform_matrix_coefficients has the same semantics as specified in subclause 7.3 for the vui_
matrix_coeffs syntax element, except that colour_transform_matrix_coefficients identifies the colour space
of the remapped reconstructed picture, rather than the colour space used for the CLVS. When not present,
the value of colour_transform_matrix_coefficients is inferred to be equal to the value of vui_matrix_coeffs.

colour_transform_bit_depth_minus8 plus 8 specifies the bit depth of the colour components of the
associated pictures for purposes of interpretation of the CTI SEI message. When any CTI SEI message is

present wi
component|
the decode

The value ¢
transform_|
Decoders s
of 17 to 23
transform_|

bitDepth is

colour_tra
points in th

hthe vatue of colour_transform_bit_deptit pius 8 ot equat to the bit deptir of the dec
5, the SEI message refers to the hypothetical result of a conversion operation performé
[l colour component samples to the bit depth equal to colour_transform_input_bit_dep

bit_depth from in the range of 17 to 23, inclusive, are reserved for futuréuse by ITU-
hall ignore the CTI SEI messages that contain a value of colour_transform_bit_depth i

bit_depth with such values.
set equal to ( colour_transform_bit_depth + 8).

hsform_log2_number_of_points_per_lut_minus1 spécifies the log2 of the numb
e piece-wise linear remapping functions minus 1.

log2numLuttPoints is set equal to ( colour_transform_log2_gumber_of_points_per_lut_minus1 + 1

numLutPoi
colourTran
log2distX i

colour_tra
colour comnj
colour_tran
the second

hts is set equal to ( 1 <<log2numLutPoints )

sformSize is set equal to ( numLutPoints&1 ).

set equal to ( bitDepth - log2numlmtPoints ).

ponents is performed as citoss-component remapping based on the first colour

sform_cross_component:flag equal to 0 indicates that intra-component remapping i
and third colour components.

maxIntraCemp is set equal te~("2 * ( 1 - colour_transform_cross_component_flag) ).

colour_tra
functions @
function of
the remapg
not present

hsform_cross_comp_inferred_flag equal to 1 indicates that the remapping piece-
f the secondvand third colour components are inferred from the remapping piece-
the firstColour component. colour_transform_cross_comp_inferred_flag equal to 0 in
ing piece-wise linear functions of the second and third colour components are signs
, thewalue of colour_transform_cross_comp_inferred_flag is inferred to be equal to 0.

f colour_transform_bit_depth plus 8 shall be in the range of 8 to 16, inclusive. Value|

inclusive, and bitstreams conforming to this edition of this document shall not conf

ded colour
1 to convert
th plus 8.

s of colour_
| ISO/IEC.
In the range
ain colour_

er of pivot

nsform_cross_component_flagequal to 1 indicates that the remapping of the second and third

Component.
5 applied to

wise linear
wise linear
Hicates that
1lled. When

colour_tra

nsI_Iut| c [[ 1] speciiies the piecewise linear remapping function of the colour compon

ent of index

c. When colour_transf_lut[1 ][ i ] is present and colour_transf_lut[2 ][ i ] is not present, the value of colour_
transf_lut[2 ][ i ] is inferred to be equal to colour_transf_lut[1 ][ i ]. The length of colour_transf_lut[ c][i] is
2 + bitDepth - log2numLutPoints bits.

colour_transform_lut2_present_flag equal to 1 specifies that colour_transf lut[2 ][ i ] is present in the
CTI SEI message. colour_transform_lut2_present_flag equal to 0 specifies that colour_transf_lut[2 ][ i ] is
not present in the CTI SEI message. When not present, the value of colour_transform_lut2_present_flag is
inferred to be equal to 0.

colour_transform_chroma_offset specifies the CTI chroma offset. When not present, colour_
transform_chroma_offset is inferred to be equal to 0. The length of colour_transform_chroma_offset is
2 + bitDepth - log2numLutPoints bits.
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The remapping process of the input picture components rec| c ], with width and height equal to picWidth][ c ]
and picHeight[ c ], respectively, to the output remapped picture components map] c ], for c=0..2, is performed

as follows.

The array pivotPointX is derived as follows.

— Forj=0

For c=0..ma

..( numLutPoints - 1), pivotPointX[ j ] is set equal to ( j <<log2distX).

xIntraComp, the arrays pivotPointY[ c | and slope][ c ] are derived as follows:

— pivotPointY[ ¢ ][ 0] is set equal to colour_transf_lut[ c][ 0]

— Forj=1.

.(numLutPoints - 1), pivotPointY[ c ][ j ] is derived as follows:

pivotPHINTY[ C ][] ] = pivotPoIntY[ C || ) — 1 ] ¥ colour_transt_Iut] c 17 ]

— Forj=0f

slope[ £][j] = ((colour_transf lut[c][j+1]<<11)+ (1 << (log2distX-1)) )53 log2distX

When coloyir_transform_cross_component_flag is equal to 1, the arrays ccPivotPointY[ c ] and

are derived
— If coloy

— Fo

— Otherwise (colour_transform_cross_comp_inferred_flag is equal to 1), ccPivotPointY[ c ] ig
followq:

— Otherwise (colour_transform_cross_comp_inferred_flag is equal to 1), ccPivotPointY[ c ] is d
followd:

— For j=0..( numLutPoints — 1), tmpPivotPt[ j ] is derived as follows:

" j=0..numLutPoints, ccPivotPointY[ c ][ j ] is set equakto ( colour_transf lut[ c ][ j
log2distX ) ).

.(numLutPoints - 1), slope[ c][j] is derived as follows:

as follows, for c=1..2:

r_transform_cross_comp_inferred_flag is equal to 0, ccPivotPointY|[ c ] is derived as f

If colour_transf_lut[ 0 ][ j+.17] is equal to 0, tmpPivotPt[ j ] is setequal to (1 << 11 ).

Otherwise, tmpPivotPy[ j ] is derived as follows:

tmpPivotPt[ j | =fcolour_transf lut[ 0 ][ j + 1] + colour_transform_chroma_offset ]
<< (11 - log2distX)

e array ccPivotPointY|[ c ] is derived as follows:
Forj=¥.( numLutPoints - 1), ccPivotPointY[ c ][ j ] is derived as follows:

¢cPivotPointY[ c ][ j ] = (tmpPivotPt[j ] + tmpPivotPt[j-1]+1) /2

ccPivotPointY[ c ][ 0] is set equal to tmpPivotPt[ 0 ].

ccPivotPointY|[ ¢ ][ numLutPoints | is set equal to tmpPivotPt[ numLutPoints - 1 ].

(68)

(69)

ccSlope] c ]

bllows:

| << (11 -

derived as

erived as

(70)

(71)

— Forj=0..( numLutPoints - 1), the value of ccSlope[ c ][ j ] is set equal to ( ccPivotPointY[c][j+ 1] -
ccPivotPointY[ c][j])-

For c=0..maxIntraComp, the intra-component remapping process of the input samples picture rec[ c ] into
the remapped samples picture map| c ] is performed as follows.
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— fori=0..picWidth[ c] - 1, j=0..picHeight[ c ] - 1, the following applies:

idx=rec[c][i][j] >> log2distX
map[c][i][j]=Clip3(0, (1 << bitDepth ) - 1, pivotPointY[ c ][ idx ] + (72)
((slope[c][idx]* (rec[i][j] - pivotPointX[idx])+ (1 << 10)) >> 11))

When colour_transform_cross_component_flag is equal to 1, for c=1..2, the cross-component remapping
process of the input samples picture rec| c ] into the remapped samples picture map| c ] is performed as
follows:

— offsetis setequal to (1 << ( bitDepth-1)).
— subWc and subHc are set equal to ( picWidth[ 0 ] / picWidth[ c ] ) and ( picHeight[ 0 ] / picHeight[ c ] ),

respectivetly:
— Fori=(..picWidth[ c ] - 1, j=0..picHeight[ c ] - 1, the following applies:
colocqrec[ 0 ][i* SubWc ][ j* SubHc ]
idx = cploc >> log2distX
scale =|ccPivotPointY[ c ][ idx ] + ( ( ccSlope[ c ][ idx ] * ( coloc - pivotPointX[idx ])) >> (73)
log2digtX)
map| c|][i][j]=Clip3(0, (1 <<bitDepth) -1,
([offset<<11) +scale* (rec[c][i][j] - offset) +(1<<10))>>"11)
8.27 Shutter interval information SEI message
8.27.1 Shutter interval information SEI message syntax
shutter_inferval_info( payloadSize ) { Desg¢riptor
sii_time| scale u(32)
sii_fixed_shutter_interval_within_clvs_flag u(1)
if( fixed Jshutter_interval_within_clvs_flag)
sii_num_units_in_shutter_interval u(32)
else {
sii_max_sub_layers_minus1 u(3)
for(i<0;i <= sii_max_sub. layers_minusl; i++)
sii_sub_layer_num_units_in_shutter_interval[i ] u(32)
}
}
8.27.2 Shutterinterval information SEI message semantics
The shuttemew i i indi i i ideo source

pictures prior to encoding, e.g., for camera-captured content, the shutter interval is amount of time that an
image sensor is exposed to produce each source picture.

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

sii_time_scale specifies the number of time units that pass in one second. The value of sii_time_scale shall
not be equal to 0. For example, a time coordinate system that measures time using a 27 MHz clock has an
sii_time_scale of 27 000 000.
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sii_fixed_shutter_interval_within_clvs_flag equal to 1 specifies that the indicated shutter interval is the
same for all temporal sublayers in the CLVS. sii_fixed_shutter_interval_within_clvs_flag equal to 0 specifies
that the indicated shutter interval may not be the same for all temporal sublayers in the CLVS.

sii_num_units_in_shutter_interval, when sii_fixed_shutter_interval_within_clvs_flag is equal to 1,
specifies the number of time units of a clock operating at the frequency sii_time_scale Hz that corresponds
to the indicated shutter interval of each picture in the CLVS. The value 0 may be used to indicate that the
associated video content contains screen capture content, computer generated content, or other non-
camera-captured content.

The indicated shutter interval, denoted by the variable shutterInterval, in units of seconds, is equal to the
quotient of sii_num_units_in_shutter_interval divided by sii_time_scale. For example, to represent a shutter
interval equal to 0.04 seconds, sii_time_scale may be equal to 27 000 000 and sii_num_units_in_shutter_
interval mdy be equat to 1 080000:

sii_max_sy
presentin {

b_layers_minus1 plus 1 specifies the maximum number of temporal sublayeyst
he CLVS.

hat may be

NOTE
correspondi

fixed_shuttd

sii_sub_lay

clock operd
with tempa
sublayer id
seconds, is

K

or example, the information conveyed in this SEI message is intended to be ladequate f
hg to the use of ATSC A/341:2022-03 Annex D when sii_max_sub_layers_minhus1 is equal
r_interval_within_clvs_flag is equal to 0.

er_num_units_in_shutter_interval[ i ], when present, specifiés-the number of tim
ting at the frequency sii_time_scale Hz that corresponds to-the shutter interval of e
ral sublayer identifier equal to i in the CLVS. The shutter interval for each picture wif
entifier equal to i in the CLVS, denoted by the variable, subLayerShutterInterval[ i ]
bqual to the quotient of sii_sub_layer_num_units_in_shdbter_interval[i] divided by sii

Or purposes
o 1 and sii_

e units of a
ach picture
h temporal
in units of
time_scale.

The variable subLayerShutterInterval| i ], corresponding to‘the indicated shutter interval of epch picture
with tempdral sublayer identifier equal to i in the CLVS, is\thus derived as follows:
if( sii_fixed_shutter_interval_within_clvs_flag)
subLpyerShutterInterval[ i ] = sii_num_unitscin_shutter_interval + sii_time_scale
else (74)
subLpyerShutterInterval[ i | = sii_sub_layér_ num_units_in_shutter_interval[i] + sii_time_
scale
8.28 Neural-network post-filter,SEI messages
8.28.1 General post-processing filtering process using NNPFs
8.28.1.1 General
Input to this process Is a bitstream BitstreamToFilter. Output of this process is a list of NNPF output pictures
ListNnpfOytputPics.

First, Bitsti1

eamToFilter is decoded, and the list CroppedDecodedPictures is set to be the list of t

he cropped

decoded pictures in output order resulted from decoding BitstreamToFilter.

Second, the filtering process for one picture, as specified in subclause 8.28.1.2, is repeatedly invoked, in
output order, for each cropped decoded picture that is in CroppedDecodedPictures and for which one or
more NNPFs are activated.

The order of the pictures in ListNnpfOutputPics is in output order.

Within ListNnpfOutputPics there shall be no more than one picture pertaining to any particular output time
instance. When for any particular picture in CroppedDecodedPictures there are multiple NNPFs activated
and only one the NNPFs is allowed to be chosen to be applied although any of the NNPFs may be chosen, the
above constraint shall apply regardless of which NNPF is chosen to be applied to the particular picture.
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For any particular pair of pictures inputPicA and inputPicB consecutive in output order in
CroppedDecodedPictures, when there are one or more pictures interpolatedPicSetA in ListNnpfOutputPics
between inputPicA and inputPicB in output order, the pictures in interpolatedPicSetA shall be among the
pictures that were output by applying a particular NNPF nnpfA with PictureRateUpsamplingFlag equal to 1
when a particular picture currPicA in CroppedDecodedPictures was the current picture. The application of
any other NNPF that was used in the filtering process for one picture when currPicA was the current picture
or the application of any NNPF (including nnpfA) that was used in the filtering process for one picture when
any other picture currPicB in CroppedDecodedPictures was the current picture shall not output any picture
between the inputPicA and inputPicB in output order.

NOTE The intent of the constraints expressed in the above paragraph is to disallow generating NNPF output
pictures between any particular pair of consecutive input pictures more than once.

8.28.1.2 I:Iltering process for one picture using an NNPF

The filtering process specified in this subclause applies to each cropped decoded picturesveferrgd to as the
current picfure, that is in CroppedDecodedPictures and for which one or more NNPFs afie activated.

When applying an NNPF to the current picture, the following applies:

— The filfered and/or interpolated pictures are generated by the NNPF by applying the NNPF process
specifigd in the semantics of the NNPFC SEI message, in a patch-wise manner, to the currentjpicture.

— The orfer of the pictures generated by the NNPF by applying theeNNPF process being stoiled into the
output|tensor of the NNPF is in output order.

When the applied NNPF is the last NNPF that is applied to the curkent picture, the pictures generated by the
NNPF and gutput by the NNPF process are included into ListNnpfOutputPics, in the same order 3s when the
pictures arg stored into the output tensor of the NNPF.

8.28.2 Nepral-network post-filter characteristics SEI message

8.28.2.1 Neural-network post-filter characteristics SEI message syntax

nn_post_filter_characteristics( payloadSize)) { Descriptor
nnpfc_pprpose u(16)
nnpfc_id ue(v)
nnpfc_base_flag u(1)
nnpfc_mode_idc ue(v)

if( nnpfc| mode_idc = = 1){
while(]'byte_aligned( ) )

nnpfc_alignment_zero_bit_a u(1)
nnpfc|tagluri st(v)
nnpfc|uri st(v)

}
nnpfc_property_present_flag u(1)

if( nnpfc_property_present_flag ) {

/* input and output formatting */

nnpfc_num_input_pics_minus1 ue(v)

if( nnpfc_num_input_pics_minus1 > 0) {

for(i=0;i<=nnpfc_num_input_pics_minusl; i++)
nnpfc_input_pic_filtering_flag[ i | u(1)
nnpfc_absent_input_pic_zero_flag u(1)

© ISO/IEC 2024 - All rights reserved
118


https://iecnorm.com/api/?name=df77cb43bf7ec9059cde2775b5d5f589

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Abbreviated terms 
	5 Conventions 
	5.1 General 
	5.2 Arithmetic operators 
	5.3 Logical operators 
	5.4 Relational operators 
	5.5 Bit-wise operators 
	5.6 Assignment operators 
	5.7 Range notation 
	5.8 Mathematical functions 
	5.9 Order of operation precedence 
	5.10 Variables, syntax elements and tables 
	5.11 Text description of logical operations 
	5.12 Processes 

	6 Syntax and semantics 
	6.1 General 
	6.2 Method of specifying syntax in tabular form 
	6.3 Specification of syntax functions and descriptors 

	7 Video usability information parameters 
	7.1 General 
	7.2 VUI parameters syntax 
	7.3 VUI parameters semantics 

	8 SEI messages 
	8.1 General 
	8.2 Filler payload SEI message 
	8.2.1 Filler payload SEI message syntax 
	8.2.2 Filler payload SEI message semantics 

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

	8.4 User data unregistered SEI message 
	8.4.1 User data unregistered SEI message syntax 
	8.4.2 User data unregistered SEI message semantics 

	8.5 Film grain characteristics SEI message 
	8.5.1 Film grain characteristics SEI message syntax 
	8.5.2 Film grain characteristics SEI message semantics 

	8.6 Frame packing arrangement SEI message 
	8.6.1 Frame packing arrangement SEI message syntax 
	8.6.2 Frame packing arrangement SEI message semantics 

	8.7 Parameter sets inclusion indication SEI message 
	8.7.1 Parameter sets inclusion indication SEI message syntax 
	8.7.2 Parameter sets inclusion indication SEI message semantics 

	8.8 Decoded picture hash SEI message 
	8.8.1 Decoded picture hash SEI message syntax 
	8.8.2 Decoded picture hash SEI message semantics 

	8.9 Mastering display colour volume SEI message 
	8.9.1 Mastering display colour volume SEI message syntax 
	8.9.2 Mastering display colour volume SEI message semantics 

	8.10 Content light level information SEI message 
	8.10.1 Content light level information SEI message syntax 
	8.10.2 Content light level information SEI message semantics 

	8.11 Dependent random access point indication SEI message 
	8.11.1 Dependent random access point indication SEI message syntax 
	8.11.2 Dependent random access point indication SEI message semantics 

	8.12 Alternative transfer characteristics information SEI message 
	8.12.1 Alternative transfer characteristics information SEI message syntax 
	8.12.2 Alternative transfer characteristics SEI message semantics 

	8.13 Ambient viewing environment SEI message 
	8.13.1 Ambient viewing environment SEI message syntax 
	8.13.2 Ambient viewing environment SEI message semantics 

	8.14 Content colour volume SEI message 
	8.14.1 Content colour volume SEI message syntax 
	8.14.2 Content colour volume SEI message semantics 

	8.15 Omnidirectional video specific SEI messages 
	8.15.1 Sample location remapping process 
	8.15.2 Equirectangular projection SEI message 
	8.15.3 Generalized cubemap projection SEI message 
	8.15.4 Sphere rotation SEI message 
	8.15.5 Region-wise packing SEI message 
	8.15.6 Omnidirectional viewport SEI message 

	8.16 Frame-field information SEI message 
	8.16.1 Frame-field information SEI message syntax 
	8.16.2 Frame-field information SEI message semantics 

	8.17 Sample aspect ratio information SEI message 
	8.17.1 Sample aspect ratio information SEI message syntax 
	8.17.2 Sample aspect ratio information SEI message semantics 

	8.18 Annotated regions SEI message 
	8.18.1 Annotated regions SEI message syntax 
	8.18.2 Annotated regions SEI message semantics 

	8.19 Scalability dimension information SEI message 
	8.19.1 Scalability dimension information SEI message syntax 
	8.19.2 Scalability dimension information SEI message semantics 

	8.20 Multiview acquisition information SEI message 
	8.20.1 Multiview acquisition information SEI message syntax 
	8.20.2 Multiview acquisition information SEI message semantics 

	8.21 Multiview view position SEI message 
	8.21.1 Multiview view position SEI message syntax 
	8.21.2 Multiview view position SEI message semantics 

	8.22 Depth representation information SEI message 
	8.22.1 Depth representation information SEI message syntax 
	8.22.2 Depth representation information SEI message semantics 

	8.23 Alpha channel information SEI message 
	8.23.1 Alpha channel information SEI message syntax 
	8.23.2 Alpha channel information SEI message semantics 

	8.24 Extended DRAP indication SEI message 
	8.24.1 Extended DRAP indication SEI message syntax 
	8.24.2 Extended DRAP indication SEI message semantics 

	8.25 Display orientation SEI message 
	8.25.1 Display orientation SEI message syntax 
	8.25.2 Display orientation SEI message semantics 

	8.26 Colour transform information SEI message 
	8.26.1 Colour transform information SEI message syntax 
	8.26.2 Colour transform information SEI message semantics 

	8.27 Shutter interval information SEI message 
	8.27.1 Shutter interval information SEI message syntax 
	8.27.2 Shutter interval information SEI message semantics 

	8.28 Neural-network post-filter SEI messages 
	8.28.1 General post-processing filtering process using NNPFs 
	8.28.2 Neural-network post-filter characteristics SEI message 
	8.28.3 Neural-network post-filter activation SEI message 

	8.29 Phase indication SEI message 
	8.29.1 Phase indication SEI message syntax 
	8.29.2 Phase indication SEI message semantics 

	8.30 Reserved SEI message 
	8.30.1 Reserved SEI message syntax 
	8.30.2 Reserved SEI message semantics 


	9 Parsing process for k-th order Exp-Golomb codes 
	9.1 General 
	9.2 Mapping process for signed Exp-Golomb codes 

	Bibliography 

