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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 |
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ment should be noted. This document was drafted in accordance with the editorial rules ofit
ectives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

] [EC draw attention to the possibility that the implementation of this document ‘may invg
(a) patent(s). ISO and IEC take no position concerning the evidence, validity or-applicability]

d notice of (a) patent(s) which may be required to implement this document:\Hewever, implen
tioned that this may not represent the latest information, which may bé ebtained from the]
e available at www.iso.org/patents and https://patents.iec.ch. 1ISQ%@nd IEC shall not
sible for identifying any or all such patent rights.

hde name used in this document is information given for theiconvenience of users and d
ute an endorsement.

explanation of the voluntary nature of standards, the meaning of ISO specific terms and expr

Organi

In the IEC, see www.iec.ch/understanding-standards.
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Subcommittee SC 29, Coding of audio, picture, snultimedia and hypermedia information informa
collabdration with ITU-T (as Rec. ITU-T H.274),

he ISO/

lve the
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| patent rights in respect thereof. As of the date of publication of this document, ISO and IEC had
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to conformity assessment, as well as informationyabout ISO's adherence to the World Trade
zation (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/foreword.html.

cument was prepared by Joint Technicalv:‘Committee ISO/IEC JTC 1, Information technology,

tion, in

This third edition cancels and replacesthe second edition (ISO/IEC 23002-7:2022), which hajs been

technig
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—  the
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Alisto
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ally revised.

in changes are as follows:

addition of the shutter(intérval information SEI message,

addition of the neural-network post-filter characteristics SEI message,
addition of thé weural-network post-filter activation SEI message, and
addition-ofthe phase indication SEI message.

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

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

body.

A complete Tisting of these bodies can be found at www.iso.org/members.html and

www.iec.ch/national-committees.
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Introduction

Versions of this document

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

Rec. ITU-T H.274 | ISO/IEC 23002-7 version 2 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 mu

Itiview

view ppsition SEI message, the scalability dimension information SEI message, the extended dep

rando

informption SEI message. Besides these additional SEI messages, this version also contains Correct
variou$ minor defects in the prior content of the specification. The second edition published by ITU-T
ITU-T H.274 (05/2022) and by ISO/IEC as ISO/IEC 23002-7:2022 corresponds to the secondversion.

Rec. ITU-T H.274 | ISO/IEC 23002-7 version 3 (the current version) refers to the integrated text con|
four additional SEI messages, namely the shutter interval information SEI message, the neural-n

post-fi
indicat
variou
ISO/IE

to the ]flird edition published by ITU-T as Rec. ITU-T H.274 (09/2023).

Conve
The ter
In this

I “S}_
ele
en

_ usl,_
en

conformance to this document.

«

— “m
_ “Ca
Inform|
entry”
contair

access point indication SEI message, the display orientation SEI message, and the colout tra

er characteristics SEI message, the neural-network post-filter activatiotr SEI message, and th
jon SEI message. Besides these additional SEI messages, this versjen ‘also contains correct
minor defects in the prior content of the specification. The third-edition published by ISO
[ 23002-7:2024 corresponds to the third version. This third edition of ISO/IEC 23002-7 corre

tions
m "this document" is used to refer to this Recommendation | International Standard.
document, the following verbal forms are used:

all” indicates a requirement. When used togexpress a mandatory constraint on the values of
ments or the values of variables derived-from these syntax elements, it is the responsibility
coder to ensure that the constraint is fulfilled.

ould” indicates a recommendatien:’It is used to refer to behaviour of an implementation
rouraged to be followed under‘\anticipated ordinary circumstances, but is not a requirem

y” indicates a permission:
n” indicates a possibility or a capability.

ption marked as “NOTE” is intended to assist the understanding or use of the document. “N
used in ClauSe™3 provide additional information that supplements the terminological data 3
| provisionsrelating to the use of a term.

endent
nsform
ions to
as Rec.

aining
twork
b phase
ions to
[EC as
sponds

syntax
r of the

that is
ent for

otes to
nd can
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Info

Part

rmation technology — MPEG video technologies —

7.

Versatile supplemental enhancement information messages

for coded video bitstreams

1 Sc

This d
supple
this do
coding
make U
bitstre

ppe
pcument specifies the syntax and semantics of video usability information (VUI)Y paramets
cument are designed to be conveyed within coded video bitstreams in a manner specified in

se of such coded video bitstreams. This document is particularly intended for use with code
hms as specified by Rec. ITU-T H.266 | ISO/IEC 23090-3, although it\is drafted in a manner in

to be stfficiently generic that it can also be used with other types of coded-video bitstreams.

VUI pa
Howev
param
or rece
decode
or can

2 N

The following documents are referred to in'the text in such a way that some or all of their content conj
requir¢ments of this document. For dated-references, only the edition cited applies. For undated refe
the lat¢st edition of the referenced doctument (including any amendments) applies.

[SO/IE(C 10646, Information technology — Universal coded character set (UCS)

ISO/IEC 11578:1996, Information technology — Open Systems Interconnection — Remote Procedure Ca
ISO/IE( 15938-17, Informiation technology — Multimedia content description interface — Part 17: Comp
of neurpill networks forrmultimedia content description and analysis

Rec.IT
Rec. IT

ameters and SEI messages can assist in processes related¢sto decoding, display or other pu
b1, unless otherwise specified in a referencing specification, the interpretation and use of
bters and SEI messages specified in this document is not@ required functionality of a video d
iving video system. Although semantics are specified for the VUI parameters and SEI me
rs and receiving video systems can simply ignore the content of the VUI parameters and SEI m¢
1se them in a manner that somewhat differs from{ what is specified in this document.

)rmative references

U-T H.273 |NISO/1EC 23091-2, Information technology — Coding-independent code points — Part J
U-T T.35:2000, Procedure for the allocation of ITU-T defined codes for non-standard facilities

ISO/CIE

brs and

mental enhancement information (SEI) messages. The VUI parameters and SEl\messages defiined in

h video

specification or to be conveyed by other means determined by the specifications for systems that

d video
tended

rposes.
he VUI
ecoder
ssages,
pssages

titutes
rences,

1 (RPC)

ression

P: Video

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

IETF RFC 1321, 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

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

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

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

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

3.1
AU

access
set of A

3.2
APS
adapta
syntax
syntax

3.3
alphal
proces
other d

Note 1
indicatil
samples

3.4

associ‘]:ted IRAP picture

previo
particy

3.5
azimu
circle g

Note 1 1

3.6
byte

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

most b
left to 1

3.7

(init
Us that belong to different layers and contain coded pictures associated with the same output’t|

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

blending
5 in which an auxiliary coded picture is used in combination with @/primary coded picture ay
ata not specified by this document in the display process

to entry: In an alpha blending process, the luma samples of dnjauxiliary coded picture are interpt

pns of the degree of opacity (or, equivalently, the degrees 6f/transparency) associated with corres
of the primary coded picture.

s IRAP picture (when present) in decoding order, for a particular picture, in the same layer|
lar picture

h circle
n a sphere connecting all points(with the same azimuth value

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

ts represent the-most and least significant bits, respectively, and the bits are written or reg
ight

chro
sampll‘%aarray or single sample representing one of the two colour difference signals related to the p
colourg, represented by the symbols Cb and Cr

ime

r more

1d with

eted as
ponding

as the

1 right-
d from

rimary

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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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 |

SO/IEC 23008-2, a CLVSS picture is an IRAP picture with NoRaslOutputFlag equalto 1

3.11
coded
coded 1

3.12
coded
NAL un

3.13
coded

picture
epresentation of a picture containing all CTUs of the picture

slice NAL unit
it that contains a coded slice

video bitstream

sequenice of bits that forms the representation of a sequence of AUs formitig’one or more CVSs

3.14
CVS
coded 3

rideo sequence

sequenice of AUs that consists, in decoding order, of a CVSS AU, followed by zero or more AUs that are n

AUs, in

3.15
CVSS A
AU that

3.16

fluding all subsequent AUs up to but not including any*subsequent AU that is a CVSS AU

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

comp
array
4:2:0, 4
monoc
3.17

constif
part off

nent

r single sample from one of thethree arrays (luma and two chroma) that compose a pid
:2:2, or 4:4:4 colour formatter the array or a single sample of the array that compose a pid
hrome format

uent picture
a spatially frame-packed stereoscopic picture that corresponds to one view, or a picture itse

frame packing is not.jn uise or the temporal interleaving frame packing arrangement is in use

3.18
Croppe
result
coded

d decoded picture
bf cropping a decoded picture based on the conformance cropping window for the corresp
ictyre

bt CVSS

ture in

ture in

f when

onding

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

3.24

encoder
embodjment of an encoding process

3.25

encoding process
proces$ that produces a coded video bitstream

3.26
field

assembly of alternative rows of samples of a frame

3.27
flag

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

3.28

frame

composition of a top field and a bottom field, where sample-rows 0, 2, 4, ... originate from the top fi
samplgrows 1, 3, 5, ... originate from the bottom field

3.29

global|coordinate axes
coordipate axes associated with omnidirectional video that are associated with an externally referel
positioh and orientation

Note 1 fo entry: The global coordinate axes.could correspond to the position and orientation of a device or rig
omnidirectional audio/video acquisition as well as the position of an observer's head in the three-dimension
of the omnidirectional video renderingenvironment.

3.30

great dircle
interselction of a sphere-and a plane that passes through the centre point of the sphere

Note 1 fo entry: A greateircle is also known as an orthodrome or Riemannian circle.

3.31
inter

one or

3.32

eld and

hceable

sed for
hl space

bcess of

rediction
aspec:kf the'decoding process for a coded picture that makes use of data derived from the decoding pr

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

3.34

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

output

3.35
local c

rder

pordinate axes

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

3.36
luma
samplg

represé¢nted by the symbol or subscript Y or L

Note 1 to entry: The term luma is used rather than the term luminance in order tp.avoid implying the use of ling
characteristics that is often associated with the term luminance. The symbol L is sometimes used in

transfe

the synibol Y to avoid confusion with the symbol y as used for vertical locatiomn:

3.37

NAL unit

syntax
manne

3.38

 that enables the extraction of a string of data bits frem the syntax structure

non-V(L NAL unit
NAL unlit that is not a VCL NAL unit

3.39

omnidjrectional video

video @
using ¢
viewin

3.40

P position

output order

order i

output/from the decodey)

3.41

outpuf time

time

ensa\decoded picture is to be output from the decoder (for the decoded pictures that are to be

from thedecoder)

3.42

array or single sample representing the monochrome signal related- to” the primary d

structure containing an indication of the type of data that follows and bytes containing that d

ontent in a format that enables tehdering according to the user's viewing orientation, e.g., if
head-mounted device, or according to a user's desired viewport, reflecting a potentially

which the decoded pictures are output from the decoder (for the decoded pictures that ar

olours,

par light
stead of

hta in a

viewed

rotated

e to be

output

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.
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3.44

PPS

picture parameter set

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

3.45

PU

picture unit

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
picture|that uses a projection format for omnidirectional video

3.47
projected region
region|in a projected picture that is mapped to a packed region according to a region¢wise packing

3.48
projection
specified correspondence between the colour samples of a projected picture and azimuth and elgvation
positiopns on a sphere

3.49
randoin access
act of dtarting the decoding process for a coded video bitstream' at a point other than the beginning of the
bitstrepm

3.50
RASL picture
leading| picture that cannot be correctly decodedshen the decoding process starts from the asspciated
IRAP picture

3.51
reference picture
picture|that contains samples that could be used for inter prediction in the decoding process of subgequent
picturds in decoding order

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

3.53
regiontwise packed picture
decoded picturé.that contains one or more packed regions

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

3.54
region-wise packing

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

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

coordinates

spher
azimut

3.59

sphere
region
such a

3.60

STSA p
coded |
picture
belong

Note 1

identifi
inthes
STSA pi
for inte
in its dd

3.61

h and elevation angles identifying a location of a point on a sphere

region
on a sphere, specified either by four great circles or by two azimuth circles and twe-elevation ci}
Fegion on a rotated sphere after applying yaw, pitch, and roll rotations

icture

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

to the lowest temporal sublayer

to entry: An STSA picture does not use pictures in the same.layer and with the same temporal {
br as the STSA picture for inter prediction reference. Pictures'following an STSA picture in decodin
hme layer and with the same temporal sublayer identifier as the STSA picture do not use pictures prid
cture in decoding order in the same layer and with the same temporal sublayer identifier as the STSA|
" prediction reference. STSA pictures in an independentlayer (i.e., a layer that does not depend on othe
coding) always have a temporal sublayer identifier g¥eater than 0.

syntaj element

eleme

3.62

t of data represented in a syntax structure

syntaxy structure

Zero of
left-mo
the las

3.63

SEI me
syntax
display
samplg

3.64
tempo

st bit is considered to be thefirst and most significant bit, and the right-most bit is consider¢
and least significant bit

ssage

ctructure thatprovides a particular type of information that assists in processes related to de
or other purposes but is not needed by the decoding process in order to determine the value

s in decoded pictures

rcles, or

b coded
Des not

ublayer
g order
r to the
picture
r layers

more syntax elements that are present together in a specified order in a string of data bits, where the

d to be

coding,
5 of the

ral-sublayer

subset

£ - 1 111 Loy o P £ 1707 ba s, 1 o 1 1 £ 4
Ol d WCIIpOoILdl SUAdIdUITC UILSLredrri, COIISISUINE O VUL INAL Urires WILL d pdlitiCuldl vdliut Ul U

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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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
3.68

order

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

3.69
VUI p
syntax
particy

3.70

viewp
region

4 AL

ACI
AU
APS
CLVS
CLVSS
CRC
CTI
CVS
DRAP
DRI
EDRAH

rameters
structure that identifies properties of interpretation of decoded pictures for display pu
larly including colour representation information

brt
of omnidirectional video content suitable for display and viewingby the user

breviated terms

alpha channel information

access unit

adaptation parameter set

coded layer video sequence
coded layer video sequence start
cyclic redundancy check

colour transforminformation
coded video.s€quence

dependent random access point
depth representation information

extended dependent random access point

FIR

£33t o 3oan o
T T

of NAL

rposes,

IRAP
MAI
NAL
NNPF
NNPFA

nptse-response

intra random access point

multiview acquisition information
network abstraction layer
neural-network post-processing filter

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 Cdnventions

5.1 General

The wqrd "reserved" is used to specify that some values of a particular syntax element are for futurg use by
ITU-T ||ISO/IEC and shall not be used in syntax struétures conforming to this document, but could poté¢ntially
be used in syntax structures conforming to future editions of this document by ITU-T | ISO/IEC.

The wqrd "unspecified" is used to describe'some values of a particular syntax element to indicate that the
values [have no specified meaning in this;ddocument and are not expected to have a specified meaning in
future pditions of this document by ITU=T | ISO/IEC.

The mdthematical operators usedin this document are similar to those used in the C programming language.
Howevpr, the results of integér division and arithmetic shift operations are defined more precisgly, and
additional operations are défined, such as exponentiation and real-valued division.

Numbdring and countingyconventions generally begin from 0 (e.g. "the first" is equivalent to the 0-th, "the
second[' is equivalentto the 1-th, etc.).

5.2 Arithmetic operators

+ addition

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

xY exponentiation

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

/ integer division with truncation of the result toward zero
For example, 7 / 4 and -7 / -4 are truncated to 1 and -7 / 4 and 7 / -4 are truncated to -1.
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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

53 1

x&&y

x|y

x?y:17

When :

ogical operators

elational operators

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

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

greater than

greater than or equal to
less than

less than or equal to
equal to

not equal to

 relational operator is applied tO @ syntax element or variable that has been assigned the value "na"

(not applicable), the value "na" is treated as a distinct value for the syntax element or variable. The value

nnau iS

55 [

&

considered not to be equal-fo-any other value.

Jit-wise operators

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

bit-wise "or"

Whon onaratinag an intoagar araumantc anaratac an 2 twn'c caommnlamant ranracantatinn afthao 1nte er
Hw-eR-0pe g ohtte e argtHRe Rt 0 peate s ol vWo-S-colpree v e preseftaao-or+tne-l

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.

bit-wise "exclusive or"

When operating on integer arguments, operates on a two's complement representation of the integer
value. When operating on a binary argument that contains fewer bits than another argument, the
shorter argument is extended by adding more significant bits equal to 0.
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x>>y  arithmetic right shift of a two's complement integer representation of x by y binary digits

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

x <<y  arithmetic 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

X=Vy.Z x takes on integer values starting from y to z, inclusive, with x, y, and z being integer numb

5.8

{x ;o x>=0
Ab$(x) =

assignment operator

the variable prior to the increment operation

of the variable prior to the decrement operation

tox=x+(-3)

tox=x-(-3)

Range notation

z being greater than y

Mathematical functions

-x ; x<0

increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to.the yalue of

decrement, i.e., x- — is equivalent to x = x = 1; when used in an array index, evaldates to the value

increment by amount specified, i.e., x += 3 is equivalent to x = x + 3,'and x += (-3) is eqyivalent

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

ers and

1y

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

2)

Atqn( x ) trigonometriClinverse tangent function, operating on an argument x, with an output value in
thelrange of —m+2407t+2, inclusive, in units of radians

3)

© ISO/IEC 2024 - All rights reserved
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Atan( ¥y ) ; x>0
X
Atan| ¥ |+n
X ;0 X<0&&y>=0
Atan2(y,x) = 4)
Atan( Y j—n ;o X<0&&y<0
X
T
+_
2 ; x==0&&y>=0
T ; otherwise
2
Cei|( x ) smallest integer greater than or equal to x 5)
X Z<X
Clip3(x,y,z)=yy 5  z>y 6)
z ; otherwise
Co{( x ) trigonometric cosine function operating on an argument xqin units of radians 7)
Flopr( x ) largest integer less than or equal to x 8)
Ln( x ) natural logarithm of x (the base-e logarithmywhere e is the natural logarithm base c¢nstant
2.7|18 281 828..) 9)
X ; X>=y
Mak(x,y) = (10)
y 5 X<y
X ; X<= y
Min(x,y) = (11
y 5 x>y
Min( £y,%) ; y<0
Refllect(x,y) = ¢ Maxfx=(y—-x),0) ; y>X (12)
y ; otherwise
Rofind( x ) = Sign(x') * Floor( Abs(x) + 0.5) (113)
1 ; x>0
Sightx)=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| specifies the precedence of operations from highest to lowest; a higher position in the table indicates
a highgr precedence.

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

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

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 " e "

"x<y" "x<=y", "x >y"W'x>=y

"X==y, X!=y"

IIX & yll
%|y"

"X && vy
"X | | y"
"X?y:z"

“X..y"

X=yh X 4=y X =y

5.10 Variables, syntax elements and tables

Syntax| eléments 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
an indi

functigns are described by their names, which are constructed as syntax element names and end w
and rig

separa

Functi

descril

letters

Variabr names (for definition) or values (for usage) separated by commas (if.niore than one variable).

A one-
can eit
arrays

and thg

square

X and V
referre

functions. These functions are specified in subclause 6.3 and assume the existence of a point
cation of the position of the next bit to be read by the decoding process from the payload data.

ht round parentheses including zero or more variable names (for definition) or vdlues (for
fed by commas (if more than one variable).

ns that are not syntax functions (including mathematical functions specifieddin subclause §
ed by their names, which start with an upper case letter, contain a mixture 6f lower and upp

without any underscore character, and end with left and right parentheses including zero @

imensional array is referred to as a list. A two-dimensional array:is referred to as a matrix.
her be syntax elements or variables. Subscripts or square parentheses are used for the indd
In reference to a visual depiction of a matrix, the first subscript is used as a row (vertical
second subscript is used as a column (horizontal) index;)The indexing order is reversed whe
parentheses rather than subscripts for indexing. Thus,;an'element of a matrix s at horizontal p
ertical position y could be denoted either as s[ x ][ y<}-or as s,. A single column of a matrix c
d to as a list and denoted by omission of the row_ifidex. Thus, the column of a matrix s at hor

positio

A specification of values of the entries in rows and:¢olumns of an array could be denoted by {{...} {...} }
each inner pair of brackets specifies the values-of the elements within a row in increasing column or

the rov
s[O][ ¢

Binary]
'01000
the lea

Hexadq
of bina
bit stri

Numer

A valug
value d

x could be referred to as the list s[ x ].

Us are ordered in increasing row order. Thus, setting a matrix s equal to { {1 6 } { 4 9 }} specif
]issetequalto 1,s[1][0]issetequalto6,s[0][1]issetequalto4,ands[l][1]issetequal

notation is indicated by enclosing the string of bit values by single quote marks. For ej
PO1' represents an eight-bit:string having only its second and its last bits (counted from the 1
5t significant bit) equal to\l,

cimal notation, indidated by prefixing the hexadecimal number by "0x", is used in some cases
[y notation when thie/number of bits is an integer multiple of 4. For example, 0x41 represents a

er with
Syntax
ith left

usage),

.8) are
er case
r more

Arrays
xing of
) index
h using
osition
buld be
izontal

where
ler and
es that
[0 9.

rample,

nost to

nstead
h eight-

g having only,itssecond and its last bits (counted from the most to the least significant bit) equal to 1.

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

equalte 0 represents a FALSE condition in a test statement. The value TRUE is represented
iffetent from zero.

by any

5.11 Text description of logical operations

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

© ISO/IEC 2024 - All rights reserved
14


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

if(

ISO/IEC 23002-7:2024(en)

condition 0 )
statement 0

else if( condition 1)

statement 1

else /* informative remark on remaining condition */

statement n

is typically described in the following manner:

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

— If dondition 0, statement 0

— Ot

— Ot

Each "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" on

followi

.." is always an "Otherwise, ...". Interleaved "If ... Otherwise, if ... Otherwise;-." statements can be idg

by mat|

In the flext, a statement of logical operations as would be describedmathematically in the following fi

if(

Yt

e

elge
d§tatement n

is typidally described in the following manher:

...as fo

— If 4

gtatement 0
de if( condition 1a | | condition 1b )
gtatement 1

herwise, if condition 1, statement 1

herwise (informative remark on remaining condition), statement n

g applies" immediately followed by "If ... ". The last condition of the "If\.” Otherwise, if ... Oth

Ching "... as follows" or "... the following applies” with the ending'Otherwise, ...".

condition Oa && condition Ob )

lows / ... the following applies:
11 of the following conditions are true, statement 0:
condition Oa
condition Ob
herwise, if oh€or more of the following conditions are true, statement 1:
condition 1a

condition 1b

"... the
Erwise,
ntified

prm:

— Otherwise, statement n

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

if(

condition 0 )

statement 0

if(

condition 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
mlght Fve-atowereasevartableexphetth—speeitied ;“i- 2"5‘6"“‘6“';6";"
ied an output. The outputis a variable that can either be an upper case variable or a lower casevariable.

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

— If the variables at the invoking and the process specification do not have the samedame, the vdriables
ar¢ 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 sdime name), assignment
is implied.

6 Syntax and semantics

6.1 (eneral

Itis intpnded that this document is referenced by other techni¢al specifications, which should specify ertain
necessary elements to enable the use of the specified VUI parameters and SEI messages.

Technigal specifications that reference this document for carrying VUI parameters syntax structure
shall specify a container to carry the data of the-VUI parameters syntax structure and to identify the
length fin bits of the VUI parameters syntax structire, e.g., the vui_payload( ) syntax strucure specjfied in
Rec. ITJU-T H.266 | ISO/IEC 23090-3. The design of the container should provide the ability to detlect the
numbef of bits in the vui_parameters( ) syntax structure and to allow the number of bits to be increpsed in
future pditions of this document, thus enabling this document to provide extensibility by directly apgending
additional syntax elements to the end(ofithe vui_parameters( ) syntax structure in future editions| of this
documgpnt. The syntax of the container-of the vui_parameters( ) syntax structure is outside the scopg of this
documgnt.

Technigal specifications that-reférence this document for carrying SEI messages shall specify a way tp carry
the payload syntax of each-specified SEI message, to identify which SEI message is conveyed, and to identify
the length in bits of the-SEI' message syntax structure, e.g., the sei_payload( ) syntax structure specified in
Rec. ITU-T H.266 | ISO/TEC 23090-3 and Rec. ITU-T H.265 | ISO/IEC 23008-2. The design of the coptainer
should|provide theability to detect the number of bits in an SEI message and to allow the number] of bits
to be ipcreasedsin(future editions of this document, thus enabling this document to provide extenlsibility
by dirg¢ctly appeénding additional syntax elements to the end of the SEI message syntax structure in
future editions of this document. The syntax of the container of the SEI messages as well as the mefthod of
identifying which SEI message is outside the scope of this document.

The length of the VUI parameters syntax structure or an SEI message syntax structure in bits is referred to
herein by the variable PayloadBits, which is provided by an external means not specified 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

Itisa

as detdrmined by this external means, shall be equal to the number of bits in the VUI parametets
structyre or the SEI message syntax structure, as applicable.

Itisa

than the number of bits in the VUI parameters syntax structure or an SEI message syntax structy

extra

potentially be specified in some future edition of this document.

For exdmple, each SEI message could be carried as a string of data bits that is prefixed with an SEI n
payloa

6.2

The syptax tables in this document specify a superset of the’syntax of the VUI parameters and all 3

that are equal to 0.

qnirnmnhf of bitstream conformance tao-this edition of this document that the value of Day]

requirement of decoder conformance to this edition of this document that when PayloadBits is

data at the end of the VUI or SEI payload data shall be ignored. The semantics for{such extra datj

Method of specifying syntax in tabular form

adBits,
syntax

preater
ire, the
a could

jessage

] type indication derived as a payloadType variable within a NAL unit that could contain emjulation
prevention bytes as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3. When-such emulation preventio
are prgsent, the emulation prevention bytes are not counted when determining the values of Payl
and payloadSize.

h bytes
padBits

llowed

SEI mgssages. Additional constraints on the syntax are-specified, either directly or indirectly, il other

subcla‘]lses.

This subclause lists examples of the syntax specification format. When syntax_element appears, it specifies

that a pyntax element is parsed from the VUI(parameters 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.
Descriptor

/* A sthtement can be a syntax element with an associated descriptor or can be an expres-

sion uged to specify conditions-for'the existence, type and quantity of syntax elements, as

in the following two examples'*/

syntax_element ue(y)

conditjoning statement

/* A gitoup of statéments enclosed in curly brackets is a compound statement and is treat-
ed funftionally®as a single statement. */

{

statenrent

statement

J*A"
evalu
longe

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

while

( condition )
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statement

J*A"d

of whether a condition is true, and if true, specifies repeated evaluation of the statement
until the condition is no longer true */

o ... while" structure specifies evaluation of a statement once, followed by a test

do

statement

while(

condition )

/*An|

tion isjtrue, specifies evaluation of a primary statement, otherwise, specifies evaluation
of an aflternative statement. The "else" part of the structure and the associated alternative

staten

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

ent is omitted if no alternative statement evaluation is needed */

if( condition )

primary statement

else

altefnative statement

/* A "fpr" structure specifies evaluation of an initial statement, followéd by a test of a con-

dition,

followgd by a subsequent statement until the condition is no longey true. */

and if the condition is true, specifies repeated evaluation of,a primary statement

for(in

tial statement; condition; subsequent statement )

prirhary statement

6.3 S

The fupctions presented in this subclause are-~used in the syntactical description. These functic
expresped in terms of the value of the VUI pakameters syntax or an SEI message syntax data point
indicates the position of the next bit to be read by the decoding process from the syntax structure.

more_d

— If byte_aligned( ) is equal to, TRUE and the current position in an SEI message syntax structure

pecification of syntax functions and desgriptors

ata_in_payload( ) is specified as\féllows:

ns are
er that

or vui_

parameters( ) syntax structure is 8 * payloadSize bits from the beginning of the syntax structyre, the

ret
— Ot
read_b
positio
data pd
The fol

urn value of more_data_.in_payload( ) is equal to FALSE.
nerwise, the return.value of more_data_in_payload( ) is equal to TRUE.

ts( n ) reads-the next n bits from the syntax structure and advances the data pointer b
hs. When-n\is'equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not adva
inter.

lowing descriptors specify the parsing process of each syntax element:

y n bit
nce the

— b(

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

the return value of the function read_bits( 8).

fied by

— 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 in a manner
dependent on the value of other syntax elements. The parsing process for this descriptor is specified by
the return value of the function read_bits( n ) interpreted as a 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
ab fp-nlignpr‘l pasition
— u(1): unsigned integer using n bits. When n is "v" in the syntax table, the number of bitsvarjes in a
mgnner dependent on the value of other syntax elements. The parsing process for this\descr]ptor is
specified by the return value of the function read_bits( n ) interpreted as a binary representatidgn of an
unpigned integer with most significant bit written first.
— ue(v): unsigned integer 0-th order Exp-Golomb-coded syntax element with the leftbit first. The parsing
process for this descriptor is specified in Clause 9 with the order k equal to 0-
7 Video usability information parameters
7.1 (General
This clause specifies the syntax and semantics for VUI paramet€rsx
When any information regarding the interpretation of the¢pictures is not present in the vui_parameters( )
syntax|structure, or the vui_parameters( ) syntax structure is not present, there may be some ekternal
means that controls the interpretation.
7.2 YUI parameters syntax
vui_parameters( payloadSize ) { Descriptor
vui/progressive_source_flag u(1)
vuifinterlaced_source_flag u(1)
vui/non_packed_constraint_flag u(1)
vui/non_projected_constraint_flag u(1)
vui)aspect_ratio_info_present_flag u(1)
if( vlui_aspect_ratio.ibfo_present_flag) {
vjui_aspect_ratio_constant_flag u(1)
vui_aspectyratio_idc u(q)
iff( vuisaspect_ratio_idc == 255) {
vui:sar_width u(16)
vui_sar_height u(1o)
}
}
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 )

\% ui_du Ullld_bdlllplc_lub_ty pt:_fl anre uc( l)
else {
vui_chroma_sample_loc_type_top_field ue(y)
vui_chroma_sample_loc_type_bottom_field ue(y)
}
}

}

7.3 VUI parameters semantics

VUI parameters apply to one or more CLVSs.

NOTE 1] The interpretation of several syntax elements of the VUI parameters are specified by reference to|coding-

indeperjdent code points specified in Rec. ITU-T H.273 | ISO/IEC 2309%:2. Further information about the usagdg of such

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

Use of the VUI parameters requires the definition of thef¢Howing variables:

— A dhroma format indicator, denoted herein by ChrtomaFormatldc, such that the value 0 indicates that the
pidture has only aluma componentand other valtues indicate that the picture has three colour components
that consist of aluma component and two.aSsociated chroma components, such that the width and height
of pach chroma component are the width and height of the luma component divided by SubWid{hC and
SubHeightC, respectively, where SubWidthC and SubHeightC are determined from ChromaFormatldc as
specified by Table 2.

— A it depth for the samples:*of the luma component, denoted herein by BitDepthy, and when
ChromaFormatldcis not equal'to 0, a bit depth for the samples of the two associated chroma comppnents,
depoted herein by BitDepth.

Table 2 —=‘SubWidthC and SubHeightC values derived from ChromaFormatldc

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

vui_progressive_source_flag and vui_interlaced_source_flag are interpreted as follows:

If vui_progressive_source_flag is equal to 1 and vui_interlaced_source_flag is equal to 0, the source scan
type of the pictures should be interpreted as progressive only.

Otherwise, if vui_progressive_source_flag is equal to 0 and vui_interlaced_source_flag is equal to 1, the
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.

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

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

vui_ngn_projected_constraint_flag equal to 1 specifies that there shall not be any equirectgngular
projectlion SEI messages or generalized cubemap projection SEI messages present in the bitsttegm that
apply tp the CLVS. vui_non_projected_constraint_flag equal to 0 does not impose such a constfaint.

vui_aspect_ratio_info_present_flag equal to 1 specifies that vui_aspect_ratio_idc is present. vui_aspect_
ratio_imfo_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_tatio_idc, SarWidth, and
SarHeight apply to all pictures in the CLVS and there is no SARI SEI message present in the CLVS. vui_gaspect_
ratio_cpnstant_flag equal to 0 specifies that the values of vui_aspect_ratio\id¢, SarWidth, and SarHeight
might ¢r might not apply to all pictures in the CLVS and that SARI SEI messages could be present in the CLVS
indicating a different sample aspect ratio applicable to the pictures associated with SARI SEI messages.
When fthe vui_aspect_ratio_constant_flag syntax element is not present, the value of vui_aspect_ratio_
constant_flag is inferred to be equal to 0.

vui_aspect_ratio_idc, when not equal to 255, indicates.the SAR of the luma samples of decoded
picturgds in the CLVS, unless indicated otherwise by assegiated SARI SEI messages when vui_aspect_
ratio_cpnstant_flag is equal to 0. Its semantics are as¢specified for the SampleAspectRatio parpmeter
in Rec|ITU-T H.273 | ISO/IEC 23091-2. When the vuixaspect_ratio_idc syntax element is not pres¢nt, the
value df vui_aspect_ratio_idc is inferred to be equal t0:0. Values of vui_aspect_ratio_idc that are specffied as
reservéd for future use in Rec. ITU-T H.273 | ISO/IE€ 23091-2 shall not be present in bitstreams confprming
to this pdition of this document. Decoders shallinterpret values of vui_aspect_ratio_idc that are reserjved for
future pse in Rec. ITU-T H.273 | ISO/IEC 23091-2 as equivalent to the value 0.

vui_sap_width, when present, indicates;the horizontal size of the SAR (in arbitrary units) of the luma
samplés of decoded pictures in the CLVS; unless indicated otherwise by associated SARI SEI messages when
vui_aspect_ratio_constant_flag is eqnal to 0.

vui_saf_height, when present;indicates the vertical size of the SAR (in the same arbitrary units as jui_sar_
width)[of the luma samples(ofi/decoded pictures in the CLVS, unless indicated otherwise by associatgd SARI
SEI mepsages when vui_aspéct_ratio_constant_flag is equal to 0.

When present, vui_sar/width and vui_sar_height shall be relatively prime or equal to 0. When vui_gaspect_
ratio_idlc is equal t0-0 or vui_sar_width is equal to 0 or vui_sar_height is equal to 0, the SAR is unknown or
unspedified in this'document or may be determined by other means, such as the SARI SEI message.

vui_overscan_info_present_flag equal to 1 specifies that the vui_overscan_appropriate_flag is present.
When V@inoverscan_info_present_flag is equal to 0 or is not present, the preferred display 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_colour_primaries syntax element is not present, the value of vui_colour_primaries is inférred to be
equal to 2 (the chromaticity is unknown or unspecified or determined by other meansmet specified
in thig document). Values of vui_colour_primaries that are identified as reserved fof\ future |use in
Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams conforming to.fhis edition|of this
document. Decoders shall interpret reserved values of vui_colour_primaries as equivalent to the valye 2.

vui_transfer_characteristics indicates the transfer characteristics function of the colour representation. Its
semantics are as specified for the TransferCharacteristics parameter in Rec. ITU¥F'H.273 | ISO/IEC 2B091-2.
When tlhe vui_transfer_characteristics syntax elementis not present, the value'of vui_transfer_charactgristics
is infefred to be equal to 2 (the transfer characteristics are unknown-or-unspecified or determined by
other 1heans not specified in this document). Values of vui_transfer_characteristics that are identified as
reserved for future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall notbe present in bitstreams confprming
to this [edition of this document. Decoders shall interpret reserved ¥alues of vui_transfer_characteriptics as
equivalent to the value 2.

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

vui_mdtrix_coeffs shall not be equal to 0 unless both of the following conditions are true:
— BitDepth( is equal to BitDepthy.
— ChfomaFormatldc is equal to 3 (the 4:494 chroma format).

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

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

The spgcificationof the use of vui_matrix_coeffs equal to 8 under all other conditions is reserved foy future
use by [TU-T [NISO/IEC.

When the-yui_matrix_coeffs syntax element is not present, the value of vui_matrix_coeffs is inferreld to be
equal toZ {unkmowmm or unspecified or determined by Otier means not Specified 1 this doCuIernt):

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

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

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

When ChromaFormatldc is equal to 2 (4:2:2 chroma format), the nominal positions of the chromass
are co-sited with the corresponding luma samples and the nominal locations in a picture arecas.sh

X

X X X X X

Figure2.
2
b2
2
2
2
2
o
]
®
Key
X lecation of luma sample

X

B ® & & ®

X

X X X X X

X

B & B8 ®

X

X X X X X

amples
own in

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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3 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a p

[hromaFormatldc is equal to 0, there is no chroma sample array.

present, the values-of vui_chroma_sample_loc_type_frame, vui_chroma_sample_loc_type_td
_chroma_sample-loc_type_bottom_field shall be in the range of 0 to 6, inclusive.

ChromaForimatldc is equal to 1 and vui_chroma_loc_info_present_flag is equal to 0, vui_c
| loc_type.frame is not present and is inferred to be equal to 6, which indicates that the the loc
oma samples is unknown or unspecified or specified by other means not specified in this dog
vdirxchroma_sample_loc_type_top_field and vui_chroma_sample_loc_type_bottom_field a

icture

p_field

nroma._
htion of
ument.
re not

presen

the values of vui_chroma_sample loc_type top field and vui_chroma _sample loc_type_

ottom_

field are inferred to be equal to vui_chroma_sample_loc_type_frame.

NOTE 3

chroma

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

_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.

DERIOMECRN= o

| -
: (o) :
________ - | !

Figpred —Locationofthetop-lefrchroma sample whep Chromalormatldeisegual ta 1 {447:0

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 be expregsed by
defininlg two variables HorizontalOffsetC and VerticalOffsetC as a function of ChromaFprmatldc and the
variable Chroma420LocType as given by Table 3, where HorizontalOffsetC is the horizontal (x in Figure 5)
positiop of the centre of the top-left chroma sample relative to the centre of the-top-left luma sample in
units of luma samples and VerticalOffsetC is the vertical (y in Figure 5) positionof the centre of the top-left
chroma sample relative to the centre of the top-left luma sample in units of lupia samples.

In a typical FIR filter design, when ChromaFormatldc is equal to 1 (4:2:0 ghrema format) or 2 (4:2:2 ¢hroma
format), HorizontalOffsetC and VerticalOffsetC would serve as the phasé offsets for the horizontal and
verticd filter operations, respectively, for separable downsampling from 4:4:4 chroma format to the ¢hroma
format|indicated by ChromaFormatldc.

X,

Figure 5 — Location of the top-left chroma sample when ChromaFormatldc is equal to 1 (442:0
chroma format) when Chroma420LocType is equal to 1

Table B — Definition of HorizontalOffsetC and VerticalOffsetC as a function of ChromaFormatldc and

Chroma420LocType
ChromakFoermatldc 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
+4-2+63 3 85 6
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 semanticsand persiStENCE SCOPE 0T eac SEI MEsSSage are specified I the semantics specification for
each particular SEI message.
NOTE Persistence 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 SEl'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 CLVScontaining the SEI message
Decoded picture hash The RU'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
Omnidireetional viewport Specified by the syntax of the SEI message
Frame=field information The PU containing the SEI message
Sample aspect ratio information Specified by the syntax of the SEI message
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- 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 CLYS containing the current picture. The association of an SEI message to a layer or a picture issyl
in a video coding specification that specifies a coded video bitstream with which the SEI messagés af

The vaJues of some SEI message syntax elements, including fp_arrangement_id and omni_viewport
o two sets of value ranges, where the first set is specified as "may be used as determined
ion", and the second set is specified as "reserved for future use by ITU-T | ISQ/IEC". Appli
shouldbe cautious of potential “collisions” of the interpretation for values of these synitax elements be

ecified
e used.

| id, are
by the
cations
onging

to the flirst set of value ranges. Since different applications might use these IDs having values in the flirst set

of value ranges for different purposes, particular care should be exercised in the design of encode
generafe SEI messages with these IDs having values in the first set of value‘ranges, and in the deg
decoders that interpret SEI messages with these IDs. This document does not define any managen
these vplues. These IDs having values in the first set of value ranges mightonly be suitable for use in c
in whigh "collisions" of usage (i.e., different definitions of the syntax and semantics of an SEI messa
one of these IDs having the same value in the first set of value rafiges) are unimportant, or not p

rs that
sign of
ent for
bntexts
e with
hssible,

or are managed - e.g., defined or managed in the controlling @pplication or transport specification, or by
controlling the environment in which bitstreams are distributed.
Some SEI messages include a persistency cancel flag in thesyntax. For example, the film grain charactgristics
SEI mgssage includes the fg_characteristics_cancel_flag. Regardless of whether such an SEI message is
includdd in an NAL unit that precedes or succeeds the*VCL NAL units of the current picture (i.e., the picture
associdted with the SEI message), the current picture associated with the SEI message is not included in the
persistence established by any previous SEI message of that type in decoding order.
8.2 Hiller payload SEI message
8.2.1 | Filler payload SEI message syntax
filler_gayload( payloadSize )-{ Descriptor

for(|k = 0; k < payloadSize; k++ )

ff_byte /* equalto.0xFF */ £(8])

}

8.2.2 | Filler"payload SEI message semantics

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

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

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

user_data_registered_itu_t_t35( payloadSize ) {

Descriptor

itu_t_t35_country_code

b(8)

if(itu_t_t35_country_code != 0xFF)

i=1

else {

1tu_t_t35_country_code_extension_byte

b(g)

i=2

o

D {

itu_t_t35_payload_byte

b(d)

i++

—

while( i < payloadSize )

}

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

This SHI message contains user data registered as specified in ReC\ITU-T T.35, the contents of which jare not

specifigd in this document.

itu_t_tB5_country_code shall be a byte having a value spetified as a country code by Rec. ITU-T T.35:2000,

AnnexfA.

itu_t_tB5_country_code_extension_byte shall be a-byte having a value specified as a country code py Rec.

ITU-T T.35:2000, Annex B.

itu_t_tB5_payload_byte shall be a byte containing data registered as specified in Rec. ITU-T T.35.

The Ref ITU-T T.35 terminal provider cgdé-and terminal provider oriented code shall be contained in the first
one or [more bytes of the itu_t_t35_payload_byte, in the format specified by the Administration that issued
the terminal provider code. Any remaining itu_t_t35_payload_byte data shall be data having synffax and
semanfics as specified by the entity identified by the Rec ITU-T T.35 country code and terminal providér code.

8.4 User data unregistered SEI message

8.4.1 | User data unregistered SEI message syntax

user_data_unregistered( payloadSize ) { Descriptor
uuid_isoviec_11578 u(128)
for(|i'=716; 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 ufd)
fg_deparate_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(q)
fg_transfer_characteristics u(q)
fg_matrix_coeffs u(g)
}
fg_hlending_mode_id u(4)
fg_lpg2_scale_factor u(4)
for(jlc=0;c<3;c++)
fg_comp_model_present_flag| c ] u(1)
for(jlc=0;c<3; c++)
iff( fg_comp_model_present_flag[c] ) {
fg_num_intensity_intervals_minus1fc | u(q)
fg_num_model_values_minus1{.c] u(3j)
for(i=0;i<=fg_num_intensity intervals_minusl1| c ]; i++) {
fg_intensity_interval_lower_bound[ c][i] u(q)
fg_intensity_interval_upper_bound[ c][i] u(q)
for(j=0;j<=fg.hum_model_values_minusl| c ]; j++)
fg_comp_model_value[ c][i][j] se(y)
}
}
fg_characteristics_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.

NOTE 3] SMPTE RDD 5 (2006) specifies a film grain simulator based on the information provided in|the filin grain
charactpristics SEI message.

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

— Apicture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSpmples
anfl PicHeightInLumaSamples, respectively.

— When the syntax element fg_separate_colour_description_present_flag.of the film grain charactgristics
SE| message is equal to 0, the following additional variables:

— A dhroma format indicator, denoted herein by ChromaFormatldg, as described in subclause 7.3.

— A it depth for the samples of the luma component,“denoted herein by BitDepthy, and when
ChromaFormatldcis not equal to 0, a bit depth for the samples of the two associated chroma comppnents,
depoted herein by BitDepth.

The filjm grain models specified in the film grain charaeteristics SEI message are expressed for application
to decqded pictures that have 4:4:4 colour formatyith luma and chroma bit depths corresponding to the
luma ajnd chroma bit depths of the film grain miodel and use the same colour representation dorhain as
the identified film grain model. When the col6ur format of the decoded video is not 4:4:4 or the decoded
video yses a different luma or chroma bit dépth from that of the film grain model or uses a different colour
repres¢ntation domain from that of the\identified film grain model, an unspecified conversion prqcess is
expected to be applied to convert the decoded pictures to the form that is expressed for application of the
film grpin model.

NOTE 4] Because the use of a §pecific method is not required for performing the film grain generation flunction
used by the display process, asdecoder could, if desired, down-convert the model information for chroma in ¢rder to
simulatp film grain for othef.chroma formats (4:2:0 or 4:2:2) rather than up-converting the decoded video [using a
method|not specified in thissdocument) before performing film grain generation.

fg_characteristics{¢ancel_flag equal to 1 indicates that the SEI message cancels the persisténce of
any previous film\grain characteristics SEI message in output order that applies to the current layer. fg_
characteristicsicancel_flag equal to 0 indicates that film grain modelling information follows.

fg_model id'identifies the f11m gram 51mulat10n model as specified in Table 5. The Value of fg_model_fid shall
irefuse by
ITU-T | ISO/IEC and shall not be present in bltstreams Conformmg to thls edltlon ofthls 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_description_present| flag is
equal to 0, and equivalent information to that conveyed when vui_colour_description_present flag is equal
to 1 is hot conveyed by external means, fg_separate_colour_description_present_flag shall be egiral t¢ 1.

The input image I, which may be the decoded picture or converted from the decoded pitfure, used in the
equatigns in this subclause is in the same colour representation domain as the simulated film grain| signal.
Therefpre, when any of these parameters does differ from that for the pictures in CLVS, the input image
[ used [in the equations in this subclause would be in a different colour representdtion domain than that
for the|pictures in the CLVS. For example, when the value of fg_bit_depth_luma minus8 + 8 is greater than
BitDepfhy (i.e., the bit depth of the luma component of the pictures in the €LVS), the bit depth of thle input
image | used in the equations in this subclause is also greater than BitDepfhy.In such a case, the inpuf image
I correfponding to an actual decoded picture would be generated by canverting the actual decoded picture
to be iph the same colour representation domain as the the simulated film grain signal. The prodess for
converfing an actual decoded picture to the 4:4:4 colour format with same colour representation domain as
the thelsimulated film grain signal is not specified in this documeént.

fg_bit_depth_luma_minus8 plus 8 specifies the bit depthi<used for the luma component of the film grain
characteristics specified in the SEI message. When fg_bit.depth_luma_minus8 is not present in the filin grain
characteristics SEI message, the value of fg_bit_depth_luma_minus8 is inferred to be equal to BitDepthy - 8.

The value of fgBitDepth[ 0 ] is derived as follows:
fgBitDepth[ 0 ] = fg_bit_depth_luma_minus8'+ 8 (19)
fg_bit_depth_chroma_minus8 plus 8 specifies the bit depth used for the Cb and Cr components of the film
grain characteristics specified in the SEI message. When fg_bit_depth_chroma_minus8 is not present in the

film grpin characteristics SEI message, the value of fg_bit_depth_chroma_minus8 is inferred to be equal to
BitDepfh. - 8.

The value of fgBitDepth[ ¢JHfor c = 1 and 2 is derived as follows:
fgBitDepth][ c | = fg\bit_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
elemernt, except as follows:

— fg |ftdD 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_

col

our_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_
characteristics syntax element, except as follows:

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

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

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

— fg]
meq

— When fg_matrix_coeffs is not present in the film grain characteristics SEI message, the valug

mgd

— Th
pig

—_

fg_blemding_mode_id identifies the blending mode used to blend theisimulated film grain with th

images
2 and
bitstre
messag

Dependling on the value of fg_blending ghode_id, the blending mode is specified as follows:

— Ifflg_blending_mode_id is equatto 0, the blending mode is additive as specified by:

lr
— Ot

Iy,

where

image [,

matrix_coeffs specifies the matrix coefficients of the film grain characteristics specifi€d in
ssage, rather than the matrix coefficients used for the CLVS.

trix_coeffs is inferred to be equal to vui_matrix_coeffs.

e values allowed for fg_matrix_coeffs are not constrained by the chromadermat of the decode
tures that is indicated by the value of ChromaFormatldc for the semantics of the VUI paramet

as specified in Table 6. fg_blending_mode_id shall be in the range of 0 to 1, inclusive. The v3
for fg_blending_mode_id are reserved for future use by I'TTU-T | ISO/IEC and shall not be prg
hms conforming to this edition of this document. Decodérs’shall ignore film grain characteri
es with fg_blending_mode_id equal to 2 or 3.

Table 6 — fg_blending-mode_id values

Value Description
0 Additive
1 Multiplicative

in[ ¢ 1[x1[y ] = Clip3(0;¢'1 << fgBitDepth[c]) - L, I[c][x][y]+GlcI[x][y])

herwise (fg_blending_mode_id is equal to 1), the blending mode is multiplicative as specified h

ainl € 10 xdPw 1 = Clip3( 0, (1 << fgBitDepth[ ¢ ] ) - 1, [ c1[x ][y ]+
Round({ifcI[x][y]1*Glc]lx][y]) + ((1 << fgBitDepth[c])-1)))

I[ ¢ JEX][y ] represents the sample value at coordinates x, y of the colour component c of th
GRSl x ][ v ] is the simulated film grain value at the same position and colour compone

syntax

the SEI

e of fg_

d video
ers.

e input
1lues of

sent in
stic SEI

(21)
y:
(22)

e input
nt, and

fgBitDe

pth[ c ] is the number of bits used for each sample in a fixed-length unsigned binary represent

htion of

the arrays Igrain[ cl[xllyl, l[clix]l[y],and G[ c][x ][y ] where c=0..2,x = 0..PicWidthInLumaSamples - 1,

andy =

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
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
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 of model values has been estimated.

NOTE 6

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

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

fg_intd
the set

fg_inte
the set

The va
intervdg
y = 0..
numAgf

nsity_interval_lower_bound] c || 1] specities the lower bound of the 1-th intensity interval fo
of model values applies.

nsity_interval_upper_bound| c ][ i] specifies the upper bound of the i-th intensity interval fo
of model values applies.

Is selected for the sample value I[ ¢ ][ x ][ y ] for ¢ = 0..2, x = 0..PicW{dthInLumaSamp
PicHeightInLumaSamples - 1, and j = 0.numApplicablelntensitylntervalsf c [[ x ][y ] - 1,
plicablelntensitylntervals[ c ][ x ][ y ] is derived below.

Depending on the value of fg_model_id, the selection of the one or moretintensity intervals for the

value

— Th

c][x][v]is specified as follows:

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

— Ifflg_model_id is equal to 0, the following applies:

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

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

sum8x8 =0
for(i=0;i<8;i++)
for(j=0;j<8j++)
sum8x8 += I[c][xB%8+i][yB*8+j]
b.., = Clip3( 0, 255, (sum8x8 + (1 << (fgBitDepth[c]-3))) >> (fgBitDepth[c]-2))

avg

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

for(i=0,j=0;4i<= fg_num_intensity_intervals_minusl[ c ]; i++)
if( b,y >=< fglintensity_interval_lower_bound[c][i] &&
b, <= fg_intensity_interval_upper_bound[c][i]) {
intenisitylntervalldx[ c][x ][y ][j] =1
j++

numApplicableIntensitylntervals[ c][x][y ] =]

F which

" which

riable intensityIntervalldx[ c¢ ][ x ][ v ][ j ] represents the j-th index to\the list of irﬂzensity

s -1,
where

sample

lue

(23)

(24)

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

© ISO/IEC 2024 - All rights reserved
34


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

ISO/IEC 23002-7:2024(en)

Ig[c][x][y]=(fgBitDepth[c] ==8)?(I[c][x][y]:
Clip3( 0,255, (I[c][x][y]+ (1 << (fgBitDepth[c]-9))) >> (fgBitDepth[c]-8))
for(i=0,j=0;i <= fg_num_intensity_intervals_minusl[ c ]; i++)
if(Ig[c][x][y] >= fg_intensity_interval_lower_bound[c][i] &&
Ig[c][x][y] <= fg_intensity_interval_upper_bound[c][i]) {
intensitylntervalldx[ c][x ][y ][j] =1
j++

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

(25)

Samples that do not fall into any of the defined intervals (i.e., those samples for which the value of
plicablelntensityIntervals[ ¢ ][ x ][ y | is equal to 0) are not modified by the grain gengration
n. Samples that fall into more than one interval (i.e., those samples for which the ‘value of

numA
functi
numA

generafion grain results from adding the grain computed independently for each of the applicable in
intervdls.

In the

value[ f ][ s;] is the value of intensityIntervalldx[ c ][ x ][y ][j ] derived for the sample value el x]l

fg_comp_model_value[ c ][ i ][ j ] specifies the j-th model value for the colotsr component c and {

fplicablelntensitylntervals[ c ][ x ][ y ] is greater than 1) will originate multi-generation)grain|

Multi-
tensity

dquations in the remainder of this subclause, the variable s; in each instance of thelist fg_comp_model_

yl
he i-th

intensiky interval. The set of model values has different meaning depending.on the value of fg_model]id.

The value of fg_comp_model_value[ c][i][]j ] is constrained as follows, and could be additionally consfrained

as spedified elsewhere in this subclause:

— If

indlusive.

— Otherwise (fg_model_id is equal to 1), fg_comp_m@del_value[ c ][ i ][ j ] shall be in the rz
—2(fgBitDepth[c] - 1) to 2(fgBitDepth[c]-1) _ 1, inclusive:

— If

¢ 40..2,x=0..PicWidthInLumaSamples ~1, and y = 0..PicHeightInLumaSamples - 1 as specified |

— Ifflg_model_id is equal to 0, a frequency filtering model enables simulating the original film grain

C

G

fg lcomp_model_valuefc[s;][5]*

where [}[ c] is a twa>dimensional random process generated by filtering 16x16 blocks gaussRv with r:
valued|elements-gaussRv;; generated with a normalized Gaussian distribution (independent and ide
distriblited Gaussian ranciom variable samples with zero mean and unity variance) and where the ¥

an ele
is less

NOTE

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

fg_model_id is equal to 0, fg_comp_model_value[ c ][ i][ j }shall be in the range of 0 to 2fgBitDept}

g_model_id is equal to 0, a frequency filtering model enables simulating the original film g1

40..2, x = 0..PicWidthInLumaSamples - 1, and y = 0..PicHeightInLumaSamples - 1 as specified
[[c1lx1[y]= (fg_comp.model value[ c][s;][0]*Q[c][x][y]+

Glc-1][x][yIN>> fg]_logZ_scale_factor

han0.

[e] -1,

inge of

ain for
Dy':

for
hy:

(26)

indom-
htically
alue of
enc -1

Tent Gp¢-1][x][y ] used in the right-hand side of the equation is inferred to be equal to 0 wh

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, ) (2

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

7)

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

as foll

OWS:
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for(y=0;y<16; y++)

fg_comp_model_value[ c ][ sj][4]) | |

for(x=0;x<16; x++)
if( (x < fg_comp_model_value[ c][ sj ][3] && y <

x > fg_comp_model_value[ c][sj][1] || y >

fg_comp_model_value[ c ][ sj ][2])

gaussRv[x][y]=0

filteredRv = IDCT16x16( gaussRv )

(28)

where IDCT16x16( z ) refers to a unitary inverse discrete cosine transformation (IDCT) operating on a 16x16

matrix

argument z as specified by:

ID(

where 1

ri‘]'

where

Qlc]ig

NOTE 8
sizes. F

Til6x16(z)=r*z*rT (2

9)

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

3
4 32 (

_((i==0) ?1:Sqrt(2)*cos( i*(2*%j+1)*n ]
it is Archimedes' constant 3.141 592 653 589 793....
formed by the frequency-filtered blocks filteredRv.

Coded model values are based on blocks of size 16x16, but a decodér implementation could use oth
br example, decoders implementing the IDCT on 8x8 blocks could{down-convert by a factor of two t}

coded model values fg_comp_model_value[ c ][ s; ][ i] for i equal to 1..4;

NOTE 9
decodel

— Ot
for

G[

fg|

where
distrib
y) and

To reduce the degree of visible blocks that result frommosaicking the frequency-filtered blocks fil{
s could apply a low-pass filter to the boundaries between frequency-filtered blocks.

nerwise (fg_model_id is equal to 1), an auto-regression model enables simulating the original fili
¢ =0..2,x = 0..PicWidthInLumaSamples - 1,@nd y = 0..PicHeightInLumaSamples - 1 as specifig

cllx]ly]=(fg_comp_model value[ c}{sj][ O] *n[c][x][y]+
fg_comp_model_value[ c][sj][1] *CGfc][x-1][y]+
( (fg_comp_model_value[ c ][ sjd[4]* G[c][x][y-1]) >>
fg_log2_scale_factor ) ) + fg_comp_model_value[ c ][ sj ][3] *
( (fg_comp_model_value[ ¢ Jfsj1[4] * (G[c][x-1][y-1]+
Glc][x+1][y-1T)) >> fg_log2_scale_factor ) +
fg_comp_model_value[\c][sj][5]* (G[c][x-2][y]+
( (fg_comp_model)value| c ][ sj ][4] * fg_comp_model_value[ c ][ sj ][4] *
Glc][x][»=2]) > (2*fg_log2_scale_factor))) +
fg_comp_medeél_value[ c][sj][2] *G[c-1][x][y]) >>
log2_scale_factor

n[ c |[ %3]+ ] is a random value with normalized Gaussian distribution (independent and ide
ited Gaussian random variable samples with zero mean and unity variance for each value of g

0)

br block
e set of

eredRyv,

m grain
d by:

(31)

ntically
, X, and
d to be

vhere the value of an element G[ ¢ ][ X ][ y ] used in the right-hand side of the equation is inferrg

equalt

A% 1o £l o £.11 H pa 4
UUWICIT dITy UT tHITCT TUTTUWTITS L UTIUTTTUTTS dT Tt Ut

— cislessthan 0,

— xislessthan O,

— 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:

— Iffg_model_id is equal to 0, fg_comp_model_value[ c ][ i][1 ] is inferred to be equal to 8.
— Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i][1 ] is inferred to be equal to 0.

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

— Iffig_model_id is equal to 0, fg_comp_model_value[ c ][ i ][1 ] indicates the horizontal high cut-fréguency
to pe used to filter the DCT of a block of 16x16 random values.

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

fg_comp_model_value[ c ][ i ][2 ] provides the third model value for the model as specified by fg_model_id.
When fg_model_id is equal to 0, f{g_comp_model_value[ c ][ i][2 ] shall be greaterthan or equal to 0 gnd less
than 16.

When fot present in the film grain characteristics SEI message, fg_compdnodel_value[ c ][ 1][2 ] is inferred
as follows:

— Iffig_model_id is equal to 0, fg_comp_model_value[ c ][ i ][2 ] isdinferred to be equal to fg_comp_|model_
value[ c][i][1]

— Otherwise (fg_model_id is equal to 1), fg_comp_model yalue[ c][i][2 ] is inferred to be equal to (.
fg_comp_model_value[ c ][i][2 ] is interpreted as follows:

— Iffig_model_id is equal to 0, fg_comp_model_vatue| c ][ i][2 ] indicates the vertical high cut frequency to
belused 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 coryelation
betfween consecutive colour components.

fg_conﬂp_model_value[ c][i][3 ] prevides the fourth model value for the model as specified by fg_model_id.
When fg_model_id is equal to 0, fg-comp_model_value[ c ][ i ][3 ] shall be greater than or equal to 0 gnd less
than oif equal to fg_comp_model_value[ c][i][1 ].

When not present in the film-grain characteristics SEI message, fg_comp_model_value[ c ][ i][3 ] is ipferred
to be efqual to 0.

fg_COrr:E_model_value[ c][1][3 ]is interpreted as follows:

— Iffig_modelbid is equal to 0, fg_comp_model_value[ c ][ i ][3 ] indicates the horizontal low cut freguency
to pe used-to filter the DCT of a block of 16x16 random values.

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

fg_comp_model_value[ c ][ i ][4 ] provides 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 ][ i ][4 ] is inferred
to be equal to fg_model_id.
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fg_comp_model_value[ c ][ i][4 ] is interpreted as follows:

— If fg_model_id is equal to 0, f{g_comp_model_value[ c ][ i ][4 ] indicates the vertical low cut frequency to

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

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

modelled grain.

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

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

to be equal to 0.

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

— Ifflg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][5 ] indicates the colour correlation bgtween

copsecutive colour components.

— Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][5 ] indicates th'e second order|spatial

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

fg_characteristics_persistence_flag specifies the persistence of the film graificharacteristics SEI njessage

for the[current layer.

fg_characteristics_persistence_flag equal to 0 specifies that the film grain characteristics SEI message

appliegto the current decoded picture only.

fg_characteristics_persistence_flag equal to 1 specifies that the film grain characteristics SEI message
applieqto the current decoded picture and persists for all subsequent pictures of the current layer injoutput

order yntil one or more of the following conditions are true;
— Anew CLVS of the current layer begins.

— The bitstream ends.

— Apicture in the current layer in an AU assgCiated with a film grain characteristics SEI message is|output

that follows the current picture in output order.
8.6 Hrame packing arrangement SEI message

8.6.1 | Frame packing arrangement SEI message syntax

frame]packing_arrangenent( payloadSize ) { Descriptor

fp_arrangement_id ue(y)

fp_arrangement’eancel_flag u(1)

if( Up_arrangement_cancel_flag ) {
fp_arrangement_type u(?)
fp.quincunx_sampling_flag u(1)
fp_content_interpretation_type (o)
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_ypsampted—aspectratio_flag uth)
}
8.6.2 | Frame packing arrangement SEI message semantics
This SEI message informs the decoder that the cropped decoded picture contains samples of multiple

distinct spatially packed constituent frames that are packed into one frame, or that the output c
decoded pictures in output order form a temporal interleaving of alternating first and second congtituent
frames} using an indicated frame packing arrangement scheme. This informatiér,can be used by the decoder
to appifopriately rearrange the samples and process the samples of the constituent frames appropria
displayf or other purposes (which are outside the scope of this document)(

NOTE

in Rec. [ITU-T H.273 | ISO/IEC 23091-2. However, more values of frame_packing_arrangement_type are spe
Rec. ITY-T H.273 | ISO/IEC 23091-2 than are specified for use herein.

ropped

[cely for

1f The interpretation of frame_packing_arrangement_type is in alignment with the code point speciffcations

ified in

This SHI message may be associated with pictures that are either frames or fields (as determined outgide the
scope df this document). The frame packing arrangement ef the samples is specified in terms of the sampling
structyre of a frame in order to define a frame packingdrrangement structure that is invariant with
to whether a picture is a single field of such a packedframe or is a complete packed frame.

respect

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

Values

deternfined by the application. Vdlues of fp_arrangement_id from 256 to 511, inclusive, and fr
to 232 + 2, inclusive, are reservedyfor future use by ITU-T | ISO/IEC. Decoders encountering a valu
arrangpment_id in the range of 256 to 511, inclusive, or in the range of 231 to 232 - 2, inclusive, shall ignore it.

fp_ar

previo

‘Kngement_cancel_flag equal to 1 indicates that the SEI message cancels the persistence
s frame packing-arrangement SEI message in output order that applies to the current la

arrangement_cancek flag equal to 0 indicates that frame packing arrangement information follows.

fp_arrangement,type identifies the indicated interpretation of the sample arrays of the output c
decoded picture as specified in Table 7.

field (When ff1 f1eld _pic_ flag is equal to 1) of the samples ofa frame packlng 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 detajl by the
subsequent syntax elements of the frame packing arrangement SEI message. In Figure 6 to Figure 10, an upcorversion
procesding is performed on each constituent frame to produce frames having the same resolution as that.of the decoded
frame. An example of the upsampling method to be applied to a quincunx sampled frame as shown inFigure 10fis to fill
in missing positions with an average of the available spatially neighbouring samples (the average.of the valugs of the
available samples above, below, to the left and to the right of each sample to be generated). Theaetual upcorversion

process|to be performed, if any, is outside the scope of this document.

NOTE 3

When the output time of the samples of constituent frame 0 differs from the/@utput time of the saples of

constityent frame 1 (i.e., when fp_field_views_flag is equal to 1 or fp_arrangement_type iS equal to 5) and the|display
system in use presents two views simultaneously, the display time for constituent frame 0 could be delayed to ¢oincide

with the display time for constituent frame 1. (The display process is not specified\in this document.)

NOTE 4

within_fcvs_flag is not expected to be prevalent in industry use of this SEKmessage.

NOTE 5

When fp_field_views_flag is equal to 1 or fp_arrangement_type isrequal to 5, the value 0 for fixed_plic_rate_

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

All othpr values of fp_arrangement_type are reserved for fature use by ITU-T | ISO/IEC. It is a requifement
of bitstfream conformance that bitstreams conforming to-this edition of this document shall not contajin such
other vjalues of fp_arrangement_type. Decoders shall.ignore frame packing arrangement SEI messages that

contait

reserved values of fp_arrangement_type.

fp_quihcunx_sampling_flag equal to 1 indicates that each colour component plane of each congtituent
frame 1s quincunx sampled as illustrated in Figure 10 and fp_quincunx_sampling_flag equal to 0 indicates

that the colour component planes of each.constituent frame are not quincunx sampled.

When fp_arrangement_type is equal to 5, it is a requirement of bitstream conformance that fp_quincunx_

samplihg_flag shall be equal to 0,

NOTE 6

applicable) is quincunx sampled.as illustrated in Figure 10 when fp_quincunx_sampling_flag is equal to 1.

For any chroma format/(monochrome, 4:2:0, 4:2:2 or 4:4:4), the luma plane and each chroma plane (as

fp_confent_interpretation_type indicates the intended interpretation of the constituent frames as
specifigd in Table 8)Values of fp_content_interpretation_type that do not appear in Table 8 are rgserved
for future specification by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition
of this|document! Decoders shall ignore frame packing arrangement SEI messages that contain rgserved

values pf fp_eontent_interpretation_type.

For eadh'specified frame packing arrangement scheme, there are two constituent frames that are refdrred 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 4J, the indicated spatial f1ipping is vertical t1ipping.

When fp_arrangement_type is not equal to 3 or 4, it is a requirement of bitstream conformancé that fp_
spatiall flipping_flag shall be equal to 0. When fp_arrangement_type is not equal to 3 or 4, the value 1 for fp_
spatial| flipping_flag is reserved for future use by ITU-T | ISO/IEC. When fp_arrangement, type is ndt equal
to 3 or {4, decoders shall ignore the value 1 for fp_spatial_flipping_flag.

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

When {p_spatial_flipping_flag is equal to 1, fp_frame0_flipped_flag equal to~0 indicates that frame { is not
spatially flipped and frame 1 is spatially flipped and fp_frame0_flipped_flagequal to 1 indicates that frame 0
is spatially flipped and frame 1 is not spatially flipped.

When fp_spatial_flipping_flag is equal to 0, it is a requirement of\bitstream conformance that fp_frame0_
flipped_flag shall be equal to 0. When fp_spatial_flipping_flag is€qual to 0, the value 1 for fp_spatial_fljpping_
flag is feserved for future use by ITU-T | ISO/IEC. When fp_spatial_flipping_flag is equal to 0, decodefs shall
ignore [the value of fp_frame0_flipped_flag.

fp_field_views_flag equal to 1 indicates that all picturésiin the current CLVS are coded as fields, all figlds of a
particylar parity are considered a first constituent frame and all fields of the opposite parity are considered
a secorjd constituent frame. It is a requirement of bitstream conformance that the fp_field_views_flag shall
be equgl to 0, the value 1 for fp_field_views_flag is reserved for future use by ITU-T | ISO/IEC and d¢coders
shall ignore the value of fp_field_views_flag,

fp_current_frame_is_frame0_flag equalto 1, when fp_arrangement is equal to 5, indicates that the ¢urrent
decoded frame is constituent frame 0 and the next decoded frame in output order is constituent framle 1 and
the display time of the constituentframe 0 should be delayed to coincide with the display time of conqtituent
frame 1. fp_current_frame_is_frame0_flag equal to 0, when fp_arrangement is equal to 5, indicates that the
currenf decoded frame is constituent frame 1 and the previous decoded frame in output order is condtituent
frame P and the display time‘of the constituent frame 1 should not be delayed for purposes of stergo-view
pairing.

When {p_arrangemehnt’type is not equal to 5, the constituent frame associated with the upper-left sample
of the decoded frarie is considered to be constituent frame 0 and the other constituent frame is congidered
to be donstituent frame 1. When fp_arrangement_type is not equal to 5, it is a requirement of bitstream
conformancé~that fp_current_frame_is_frame0_flag shall be equal to 0. When fp_arrangement_type is
not equiat.to 5, the value 1 for fp_current_frame_is " | 1SO/
IEC. Whenfp-arrangemen Fpe-is-not-equal-te-5-decode 2 2 \me_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 lac type top field and wvni chroma sample loc type hottom field syntax

elements in the VUI parameters, when present.

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

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

fp_framel_grid_position_x (when present) specifies the x component of the (X, y ) coordinate pair for
constitjuent frame 1.

fp_framel_grid_position_y (when present) specifies the y component‘ef the ( x, y ) coordinate pair for
constituent frame 1.

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

— Ifthe (%, y ) coordinate pair for a constituent frame is‘eguial to ( 0, 0 ), this indicates a default sampling
grid alignment specified as follows:

— | If fp_arrangement_type is equal to 3, the indi¢cated position is the same as for the ( x, y ) coofdinate
pair value ( 4, 8 ), as illustrated in Figure 6;

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

— Otherwise, if the ( x, y ) coordinatepair for a constituent frame is equal to ( 15, 15 ), this indicates that
the¢ sampling grid alignment isuunknown or unspecified or specified by other means not specified in this
dofument.

— Otherwise, the x and y elements of the (X, y ) coordinate pair specify the indicated horizontal and yertical
sapling grid alignmefit positioning to the right of and below the upper left corner of the rectangular
ar¢a represented bythe corresponding constituent frame, respectively, in units of one sixteenth of the
lurha sample grid spacing between the samples of the columns and rows of the constituent frame that are
pre¢sent in théidecoded frame (prior to any upsampling for display or other purposes).

NOTE9| The spatial location reference information fp_frame0_grid_position_x, fp_frame0_grid_positioph_y, fp_
framel]grid_position_x, and fp_framel_grid_position_y is not provided when fp_quincunx_sampling_flag is ¢qual to
1 becausé-the spatial alignment in this case is assumed to be such that constituent frame 0 and constituent frame 1
cover COTTESPOIAINg sSpatidl areds wWitlT interieaved qUITICUIX SaInpling patter a5 tustrated 1T 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 SA
to prog
fp_ups
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picture
SEI meqd
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in Figuy
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inthee
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] message identifies the SAR of the samples before the application of any such upconversion p

D The SAR indicated in the VUI parameters or the SARI SEI message could indicate'the preferred
shape for the packed decoded frame output by a decoder that does not interpret the framie’packing arrar
sage. When fp_upsampled_aspect_ratio_flag is equal to 1, the SAR produced in each up-converted coloyir plane
ted to be the same as the SAR indicated in the VUI parameters or the SARI SEI message in the exampley shown
e 6 to Figure 10. When fp_upsampled_aspect_ratio_flag is equal to 0, the SAR{produced in each coloyr plane
upconversion is indicated to be the same as the SAR indicated in the VUI patameters or the SARI SEI
kamples shown in Figure 6 to Figure 10.
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Figure 6 — Flowchart for rearrangement and upconversion of side-by-side packing arrangement
with fp_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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Figure 7 — Flowchart for rearrangement and upconversion of side-by-side packing arrangement
with fp_arrangement_type equal to 3, fp_quincunx_sampling_flag equal to 0, ( x,y ) equal to ({12, 8)
for constituent frame 0 and ( x,y ) equal to (9, 0) or ( 4, 8) for constituent frame 1
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Figure 8 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement
with fp_arrangement_type equal to 4, fp_quincunx_sampling_flag equal to 0 and ( x, y ) equal to
(0,0) or (8,4) for both constituent frames
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Figure 9 — Flowchart for rearrangement and upconversion of top-bottom packing arrangement
with fp_arrangement_type equal to 4, fp_quincunx_sampling_flag equal to 0, (x,y ) equal to (8, 12)
for constituent frame 0 and (x,y ) equal to (9, 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.type equal to 5)

8.7 Rarameter sets inclusion indication.SEI message

8.7.1 | Parameter sets inclusion indication SEI message syntax

paramleter_sets_inclusion_indication( payloadSize ) { Descriptor
psii_self_contained_clvs_flag u(1]

}

8.7.2 | Parameter sets-irnclusion indication SEI message semantics

This mlessage prowvides an indication of whether the CLVS contains all the required NAL units for d¢coding

the CLYS that is’associated with the SEI message and whether temporal sublayer up-switching wit
orks_without a need of fetching parameter sets from PUs earlier in decoding order than
containing'thie picture at which the temporal sublayer up-switching occurs. When the CLVS does not

CLVS

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

hin the
the PU
rontain

4

psii_self_contained_clvs_flag equal to 1 indicates that the following restrictions apply:

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

— stsaPicA does not refer to a PPS or an APS that precedes the first NAL unit of the PU containing

stsaPicA in decoding order and has temporal sublayer identifier equal to tIdA.

For any picture picB with temporal sublayer identifier equal to tIdA and following stsaPicA in

decoding order, picB does not refer to a PPS or an APS that has temporal sublayer identifier e
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.

qual to

8.8 DDecoded picture hash SEI message

8.8.1 | Decoded picture hash SEI message syntax

decod¢d_picture_hash( payloadSize ) { Descriptor
dph_sei_hash_type u(q)
dph_sei_single_component_flag u(1)
dph_sei_reserved_zero_7bits u(7)
for(|cldx = 0; cldx < ( dph_sei_single_component_flag ? 1 : 3 ); cldx++ )

iff( dph_sei_hash_type==0)

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

dph_sei_picture_md5[ cldx ][ i] b(§

else if(dph_sei_hash_type==1)
dph_sei_picture_crc| cldx | u(16)
else if(dph_sei_hash_type==2)
dph_sei_picture_checksum]| cldx ] u(3L)
}
8.8.2 | Decoded picture hash SEI message semantics
This message provides a hash for each colour component of the current decoded picture.
Use of this SEI message requires the definition of the following variables:

Ay
an

A d

A
Ch
de

icture width and picture height in units of luma samples, denoted herein by PicWidthInLuma§
1 PicHeightInLumaSamples, respectively.

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

bit depth)for the samples of the luma component, denoted herein by BitDepthy, and
romaFormatldc is not equal to 0, a bit depth for the samples of the two associated chroma comp
noted herein by BitDepth,.

amples

when
pnents,

For each colour component cldx, an array of samples ComponentSample[ cldx [[ x ][ y |.

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

Prior to computing the hash, the decoded picture data are arranged into one or three strings of bytes called
pictureData[ cldx | of lengths dataLen[ cldx ] as follows:

© ISO/IEC 2024 - All rights reserved
47


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

ISO/IEC 23002-7:2024(en)

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

if(cldx == 0){
compWidth|[ cldx ] = PicWidthInLumaSamples
compHeight[ cldx | = PicHeightInLumaSamples
compDepth[ cldx | = BitDepthy,

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

iLen =0

(32)

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

dataLen[ cldx ] =iLen

}

where ComponentSample[ cldx ] is a two-dimensional array of the decodedSample values of a compdg
a decodled picture.

dph_se¢i_hash_type indicates the method used to calculate the checksiim as specified in Table 9 . V:
dph_sej_hash_type that are not listed in in Table 9 are reserved for‘future use by ITU-T | ISO/IEC ay

nent of

1lues of
d shall

not be present in payload data conforming to this edition of this document. Decoders shall ignore decoded

picturg hash SEI messages that contain reserved values of dphysei_hash_type.

Table 9 — Interpretationofdph_sei_hash_type

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

dph_s¢i_single_component_flag equal to 1 specifies that the picture associated with the decoded

picture

hash SEI message contains a single-colour component. dph_sei_single_component_flag equal to 0 specifies

that thp picture associated with the decoded picture hash SEI message contains three colour comp
The value of dph_sei_single ,eomponent_flag shall be equal to ( ChromaFormatldc==0).

dph_s¢i_reserved_zere_7bits shall be equal to 0. Values greater than 0 for dph_sei_reserved_zer
are reserved for futuge use by ITU-T | ISO/IEC and shall not be present in payload data conforming]
edition| of this doctument. Decoders conforming to this edition of this document shall ignore the v
dph_seji_reserved,\zero_7bits.

pnents.

0_7bits
to this
alue of

picturd. Fhe value of dph_sei_picture_md5][ cldx ][ i ] shall be equal to the value of digestVal[ cldx ]
as follomazs; using the MDS functions definedin IETF RFC 1321:

dph_se¢i_picture_md5[ cldx ][ i ] is the 16-byte MD5 hash of the cldx-th colour component of the Tcoded
)

tained

MD5Init( context )

MD5Update( context, pictureData] cldx ], dataLen[ cldx ] ) (33)

MD5Final( digestVal[ cldx ], context )

dph_sei_picture_crc| cldx ] is the cyclic redundancy check (CRC) of the colour component cldx

of the

decoded picture. The value of dph_sei_picture_crc[ 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] (34)
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.

dph_sei_picture_checksum| cldx ] is the checksum of the colour component cldx of the decoded ;I)icture.
The value of dph_sei_picture_checksum| cldx ] shall be equal to the value of checksumVal[ cIdx T obtalined as

followd:

sum=20

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

for( x = 0; x < compWidth[ cldx |; x++ ) {

xorMask = (x & OxFF) " (y&O0xFF) " (x >> 8) " (y >> 8)

sum = ( sum + ( ( ComponentSample[ cldx ][ y * compWidth[ cldx]+'x | & OxFF ) *
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 | Mastering display colour volume SEInessage syntax

mastefing_display_colour_volume( payloadSize ) { Descriptor
for(jlc=0;c<3;c++){
mdcv_display_primaries_x{ ' u(16)
nldcv_display_primaries_y[ c] u(1e)
}
md¢v_white_point & u(16)
md¢v_white_point/y u(16)
md¢v_max_display_mastering_luminance u(3L)
md¢v_mingdisplay_mastering_luminance u(3L)
}

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-ofxas cpnr‘iFinr‘ in ]Qn/("”: 11664..1 (cnn also IQnI/f'”-—-' 116643 and CIE 1 R)’ inincrements
of 0.00Pp02. When mdcv_display_primaries_x[ c ] is not in the range of 5 to 37 000, inclusive, the noprhalized
x chromaticity coordinate of the colour primary component c of the mastering display is anknpwn or
unspedified or specified by other means not specified in this document.

mdcv_¢lisplay_primaries_y[ c ], when in the range of 5 to 42 000, inclusive, specifies the normdlized y
chromaticity coordinate of the colour primary component ¢ of the mastering display, according| to the
CIE 1931 definition of y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and-€IE 15), in increments
of 0.00Pp02. When mdcv_display_primaries_y|[ c ] is not in the range of 5 to 42 000, inclusive, the normalized
y chromaticity coordinate of the colour primary component c of the mastéring display is unknpwn or
unspedified or specified by other means not specified in this document.

For degcribing mastering displays that use red, green, and blue colouriprimaries, it is suggested thgt index
value ¢ equal to 0 should correspond to the green primary, c equal-to 1 should correspond to the blue
primarjy, and c equal to 2 should correspond to the red colour primary specified in the VUI parametefs.

mdcv_white_point_x, when in the range of 5 to 37 000, inclusive, specifies the normalized x chromaticity
coordinate of the white point of the mastering display, accérding to the CIE 1931 definition of x as specified
in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE.@5), in normalized increments of 0.00002} When
mdcv_white_point_x is not in the range of 5 to 37 000;\inclusive, the normalized x chromaticity coordinate
of the yhite point of the mastering display is indicated to be unknown or unspecified or specified bly other
means not specified in this document.

mdcv_white_point_y, when in the range of 5o 42 000, inclusive, specifies the normalized y chromaticity
coordinate of the white point of the mastefing display, according to the CIE 1931 definition of y as specified
in ISO/CIE 11664-1 (see also ISO/CIE (11664-3 and CIE 15), in normalized increments of 0.00002} When
mdcv_white_point_y is not in the range of 5 to 42 000, inclusive, the normalized y chromaticity coordinate
of the Wwhite point of the mastering:display is indicated to be unknown or unspecified or specified by other
means [not specified in this document.

NOTE 1] SMPTE ST 2086 specifies that the normalized x and y chromaticity coordinate values for the mgstering
display|colour primaries,and“white point are to be represented with four decimal places. This would corfespond
with usfing values of the-syntax elements mdcv_display_primaries_x[ ¢ |, mdcv_display_primaries_y|[ c ], mdcy_white_
point_x| and mdcv_whijte/point_y, as defined in this document, that are multiples of 5.

NOTE 2| Anexaniple of the use of values outside the range for which semantics are specified in this documert is that
ANSI/CT’A 861-Guses normalized (%, y) chromaticity coordinate values of (0,0) for the white point to indicate that the
white ppintchromaticity is unknown.

deV_ uaA_diaplay_ulabttn iug_luluiuduu:, whemrinrthe range of 50—606—to—160-666 GGG, bpcuilies 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.

NOTE 5 __SMPTE ST 2086 specifies that the nominal minimum display luminance of the mastering display is to be
specifigd as a multiple of 0.0001 candelas per square metre, which corresponds to the semantics specified in this
documgnt.

NOTE 6] An example of the use of values outside the range for which semantics are specified in this\do¢umert is that
ANSI/C['A 861-G uses the value 0 for the nominal minimum display luminance of the mastering digplay to indigate that
the nonjinal minimum display luminance of the mastering display is unknown.

documgnt is that SMPTE ST 2086 indicates that values outside the specified range could be used to indicate fhat the
black ldvel and contrast of the mastering display have been adjusted using picturé/ine-up generation eqyiipment
(PLUGE)).

NOTE 7] Another example of the potential use of values outside the range for which semiantics are specifieE in this

At the minimum luminance, the mastering display is considered to haye\the same nominal chromatjcity as
the whijte point.

8.10 (ontent light level information SEI message

8.10.1| Content light level information SEI message syntax

conterlt_light_level_info( payloadSize ) { Descriptor
clli_max_content_light_level u(16)
clli_max_pic_average_light_level u(16)

}

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

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

The semantics of thé-content light level information SEI message are defined in relation to the vdlues of
samples in a 4:4:4 vepresentation of red, green, and blue colour primary intensities in the linear light glomain
for the|pictures.of the CLVS, in units of candelas per square metre. However, this SEI message does|not, by
itself, iflentify~a conversion process for converting the sample values of a decoded picture to the sanples 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
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peak white - e.g., ordinarily scaling to associate peak white with 10 000 candelas per square metre when
vui_transfer_characteristics is equal to 16).

NOTE 2

Since the maximum value 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

the lin
no suc

clli_m
light le
the ling
equalt

When 1
"letterl

picturg,

8.11 I

8.11.1

upper bound is indicated by clli_max_content_light_level.

ies (in

p » 8
ar light domain) for the plctures of the CLVS, in units of candelas per square metre. Wheneqyal to 0,

x_pic_average_light_level, when not equal to 0, indicates an upper bound on thenaximum gverage
vel among the samples in a 4:4:4 representation of red, green, and blue colour primdry intensities (in
bar light domain) for any individual picture of the CLVS, in units of candelas persquare metrg. When

b 0, no such upper bound is indicated by clli_max_pic_average_light_level.

he visually relevant region does not correspond to the entire cropped:decoded picture, suc
pox" encoding of video content with a wide picture aspect ratio within a taller cropped
the indicated average should be performed only within the visualj? relevant region.

)ependent random access point indication SEI message

Dependent random access point indication SEI meéssage syntax

as for
coded

depen

lent_rap_indication( payloadSize ) { Descriptor

}

8.11.2

The pid
as a DR

The pr
referen
DRAP

order Vv
the DR

The co

followd:

— Th

Dependent random access point indication SEI message semantics

ture associated with a dependent:random access point (DRAP) indication SEI message is referred to

AP picture.

esence of the DRAP indicatien,SEI message indicates that the constraints on picture order and
cing specified in this sube¢lause apply. These constraints can enable a decoder to properly dec
bicture and the pictures-that are in the same layer and follow it in both decoding order and

picture
bde the
output

vithout needing to decode any other pictures in the same layer except the associated IRAP pigture of

AP picture.

nstraints indicated by the presence of the DRAP indication SEI message, which shall all apply are as

e DRAP\picture is a trailing picture.

— Th

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

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

— Any picture that is in the same layer and follows the DRAP picture in both decoding order and output
order does not include, in the active entries of its reference picture lists, any picture 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 ) { Descri

ptor

preferred_transfer_characteristics u(8)

8.12.2

Alternative transfer characteristics SEI message semantics

The alt
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SEI me
interpr
also be
descrij]
of the
docum

When 4§
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transfe
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8.13 /

8.13.1

ernative transfer characteristics SEI message provides a preferred alternative value for thetr
feristics syntax element that is indicated by the colour description syntax of the VUI paramete
csage is intended to be used in cases when some value of vui_transfer_characteristics is prefey
etation of the pictures of the CLVS although some other value of vui_transfer_characteristic
acceptable for interpretation of the pictures of the CLVS and that other value is provided in the
tion syntax of the VUI parameters for interpretation by decoders that do not support interpr
referred value (e.g., because the preferred value had not yet been defined in@ previous editior
bnt).

in alternative transfer characteristics SEI message is present for any-picture of a CLVS of a pal
nd the first picture of the CLVS is an IRAP picture, an alternative transfer characteristics SEI n
e present for that IRAP picture. The alternative transfer characteristics SEI message persists
[ layer in decoding order from the current picture until the end of the CLVS. All alternative t
feristics SEI messages that apply to the same CLVS shall have‘the same content.

red_transfer_characteristics specifies a preferred ‘alternative value for the wvui_ty
ed_transfer_characteristics are otherwise the same as for the vui_transfer_characteristics
fransfer_characteristics indicated in the VUl{parameters, decoders should ignore the value

r_characteristics indicated in the VUI paranteters and instead use the value indicated by pre
r_characteristics.

imbient viewing environmentSEI message

Ambient viewing environment SEI message syntax
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ambie

\t_viewing_environment( payloadSize ) { Descriptor

amq)ient_illuminance u(3]

)

am‘)ient_light_x u(1¢

)

ami)ient_light_y u(14

)

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 ¥V as cpnnifinr‘ in TQﬂ//f‘":‘ 11664..1 (con alcn IQnI/f‘":' 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 0 000.

NOTE For example, the conditions identified in Rec. ITU-R BT.2035 could be expressed using ambieht_illuthinance
equal t¢ 100 000 with background chromaticity indicating Dys (ambient_light_x equal to 15-635, ambient] light_y
equal t¢ 16 450), or optionally in some regions, background chromaticity indicating Dg3 (ambient_light_x ¢qual to
14 155, pmbient_light_y equal to 14 855).

8.14 (ontent colour volume SEI message

8.14.1| Content colour volume SEI message syntax

contert_colour_volume( payloadSize ) { Descriptor

ccv]cancel_flag u(1)

if( !¢cv_cancel_flag) {
cev_persistence_flag u(1)
cev_primaries_present_flag u(1)
cev_min_luminance_value_present_flag u(1)
cev_max_luminance_value_present_flag u(1)
cev_avg_luminance_value_present_flag u(1)
cgv_reserved_zero_2bits u(9)

iff( ccv_primaries_present_flag)
for(c=0;c<3;c++){

ccv_primaries_x|[ ¢\ i(32)
ccv_primaries yfc | i(32)
}
iff( ccv_min_luminance_value_present_flag )
ccv_min:liminance_value u(3R)

iff( ccv.max_luminance_value_present_flag)

ccv.max_luminance_value u(3R)

: 1 H ] £ £1 AY
lfl( CLV_aveE TUIIaii Tt vdiuC_PTTSTIIT _TTd g™

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:

If an alternative transfer characteristics SEI message is present for the CLVS, transferCharacteristics is
set equal to preferred_transfer_characteristics;

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

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

The fol

ccv_ca
colour
indicat|

ccv_pe

ccv_pe
picture

ccv_pe
decods
more 0
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thg
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f the following conditions are true:

ined as unknown or unspecified.

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

e value of vui_colour_primaries is equal to 2.

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

he value of transferCharacteristics is equal to 1, 6, 7, 14, or 15, the Reg: ITU-R BT.1886 re
ctro-optical transfer function should be used to convert the signal to itslinear representation
value of screen luminance for white is set equal to 100 candelas per square metre, the value of
hinance for black is set equal to 0 candelas per square metre, and-the value of the exponen
wver function is set equal to 2.4.

nerwise, if the value of transferCharacteristics is equal to 18,the hybrid log-gamma reference ¢
fical transfer function specified in Rec. ITU-R BT.2100 sheould be used to convert the signal to it

" square metre, the value of the display luminance fofblack is set equal to 0 candelas per square
1 the value of system gamma is set equal to 1.2.

nerwise (the value of transferCharacteristicsis not equal to 1, 6, 7, 14, 15, or 18) when the
our volume SEI message is present, the exaetinverse of the transfer function specified in speg
VUI parameters should be used to convert the non-linear signal to a linear representation.

hcel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous
volume SEI message in output(order that applies to the current layer. ccv_cancel_flag equ
es that content colour volume information follows.

ference
where
screen
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'sistence_flag equal 0y 0 specifies that the content colour volume applies to the current
only.

rsistence_flag equal to 1 specifies that the content colour volume SEI message applies to the
d picture and persists for all subsequent pictures of the current layer in output order until

ew«CLVS of the current layer begins.

Thi

rsistence_flag specifies the)persistence of the content colour volume SEI message for the curr:Lt layer.

coded

rurrent
one or

ot CoH T eroroT

— 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 dequment.
Other values for reserved_zero_2bits[ i | are reserved for future use by ITU-T | ISO/IEC. Decoders shall
ignore [the value of reserved_zero_2bits[ i ].

ccv_prijmaries_x[ c | and ccv_primaries_y[ c | specify the normalized x and y chromati€ity coordinates,
respectively, of the colour primary component c of the nominal content colour volume, according to the
CIE 1981 definition of x and y as specified in ISO/CIE 11664-1 (see also ISO/CIE A1664-3 and CIE|15), in
normalized increments of 0.00002. For describing colour volumes that use red, green, and blue| colour
primarfies, it is suggested that index value c equal to 0 should correspond tothe green primary, r equal
to 1 shpuld correspond to the blue primary, and c equal to 2 should correspohd to the red colour primary
specifigd in the VUI parameters.

The values of ccv_primaries_x[ c ] and ccv_primaries_y[ c ] shall be in¢he range of =5 000 000 to 5 000 000,
inclusiye.

When ¢cv_primaries_x[ ¢ ] and ccv_primaries_y[ c | are not:present, they are inferred to be equal to the
normalized x and y chromaticity coordinates, respectively,specified by vui_colour_primaries.

ccv_min_luminance_value specifies the normalized Miinimum luminance value, according to CIE 1931,
that is[expected to be present in the content, where\values are normalized to L, or L. as specified in the
VUI parameters according to the indicated transfér characteristics of the signal. The values of cqv_min_
luminalnce_value are in normalized increments of-0.0000001.

ccv_max_luminance_value specifies the maximum luminance value, according to CIE 1931, that is eypected
to be gresent in the content, where valies are normalized to L, or L. as specified in the VUI parameters
accord|ng to the transfer characteristics of the signal. The values of ccv_max_luminance_value|are in
normalized increments of 0.000000%.

ccv_avg_luminance_value spécifies the average luminance value, according to CIE 1931, that is expected
to be gresent in the content,ywhere values are normalized to L, or L. as specified in the VUI parameters
according to the transfe¥ characteristics of the signal. The values of ccv_avg_luminance_value|are in
normalized increments-of 0.0000001.

NOTE The resulting domain from this conversion process might or might not represent light in a source orjdisplay
domain| - it is meTely a gamut representation domain rather than necessarily being a representation of actgal light
in eithgr the seen€ or display domain. Therefore, the values corresponding to ccv_min_luminance_value, c¢v_max_
ce_value, and ccv_avg_luminance_value might not necessarily correspond to a true luminance value.

The val _min_ i _ _avg_ nance_
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 General

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

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

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

1.

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

A tlegion-wise packed picture is obtained as the cropped decoded picture by decoding a cdded picture.
Forl purposes of interpretation of chroma samples, the input to the indicated remapping procesk is the
sef of decoded sample values after applying an (unspecified) upsampling conversion pracess to the 4:4:4
colour sampling format as necessary when ChromaFormatldc is equal to 1 (4:2:0-¢hroma format) or 2
(4:R:2 chroma format). This (unspecified) upsampling process should account for@he'relative positioning

relptionship between the luma and chroma samples as indicated by vui_chroma_sample_lo
frame, vui_chroma_sample_loc_type_top_field, and vui_chroma_sample_loc-type_bottom_field

C_type_
syntax

sample
bjected

sample
.15.1.5.

rall process for mapping of luma sample locations within a region-wise packed picture to
inates relative to the global-oordinate axes is normatively specified in subclause 8.15.1.5.

When an equirectangtlar projection SEI message with erp_cancel_flag equal to 0 that applies
pidture is present;-ErpFlag is set equal to 1, and CmpFlag is set equal to 0.

When a generalized cubemap projection SEI message with gcmp_cancel_flag equal to 0 that ap
the picturefis)present, CmpFlag is set equal to 1, and ErpFlag is set equal to 0.

If 4 sphere rotation SEI message with sphere_rotation_cancel_flag equal to 0 that applies to the

sphere

rted to
brwise,

sphere

to the

blies to

picture
tequal

is present, RotationFlag is set equal to 1, and RotationYaw, RotationPitch, and RotationRoll are s¢

to yaw_rotation + 21°, pitch_rotation + 21°, and roll_rotation + 2*°, 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 p

resent,

Re
be
Cr(

— Ot
arg

8.15.1
Inputs

—  pid
lur

— the
rel

Output
— spl
The pr

— If}

hP

bionWisePackingFlag is set equal to 0, and ConstituentPicWidth and ConstituentPicHeight ar

pPicHeight are the width and height, respectively, of the cropped decoded picture.

herwise, RegionWisePackingFlag is set equal to 1, and ConstituentPicWidth and ConstituentPi
set equal to rwp_proj_picture_width / HorDiv1 and rwp_proj_picture_height /VerDiv1l, respe

2 Projection for one sample location
to this process are:

tureWidth and pictureHeight, which are the width and height, respectively, of a monoscopic pr
ha picture, in relative projected picture sample units (see subclause 8.15.5.2), and

centre point of a sample location (hPos, vPos) along the horizontal and vertical axes, respect
ative projected picture sample units, where hPos and vPos could have non-integer real values,

s of this process are:
nere coordinates (¢, 0) for the sample location in‘degrees relative to the local coordinate axes.

pjection for a sample location is derived as follows:

rpFlag is equal to 1, the following applies:

If RegionWisePackingFlag is equal to 0 and erp_guard_band_flag is equal to 1, the following
plies:

ps’ = hPos - erp_left_guard’band_width

tmpPicWidth = pictureWidth - erp_left_guard_band_width - erp_right_guard_band_width

hP

Otherwise, thefollowing applies:

os’ = hPos

tmpPicWidth, ¥ pictureWidth

Théfollowing applies:

e set to

equal to cropPicWidth / HorDiv1 and cropPicHeight / VerDiv1, respectively, where cropRicWigth and

‘Height
ctively.

bjected

vely, in

<)

p_

(36)

(37)

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

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

(38)

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:

hPps” = hPos’
vPps’’ = vPos’

Otherwise, if gcmp_mapping_function_type is equal to 1, the following applie§:

hPps" = Tan( hPos' * t + 4)
vPps' = Tan( vPos' * + 4)

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

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

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

hPos"” = hPos’ + (1 + coeffU[ n] * (1 - gcmp_function_uyaffected_by_v_flag[ n] * vPos2 ) *
(1-hPos'2))

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

The following applies:

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

Fetseif{grmpfaceimdex{ m—=="53<{7/*positive y teft 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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8.15.1.3 Conversion from the local coordinate axes to the global coordinate axes

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 ou

8.15.1

Inputs

Output

rivzad o

N< X< D
i el Ll Ll Ll “'e'

< X
NN

el

sa
thg

the
pid

thg
wi

—

trg

vrtcearxa da o follosac
poatsarc atrvCtas oo vWw S

:q)d*T[—180
04 * ™+ 180
agq*m+180
Bq*m+180
Yq ¥+ 180
= Cos(¢ ) *Cos(0)
=Sin(¢ ) * Cos(0)
=Sin(0)
= Cos(B)*Cos(a)*x;-Cos(B)*Sin(a)*y;+Sin(B)*z
= (Cos(y)*Sin(a)+Sin(y)*Sin(B)*Cos(a)) *x; +
(Cos(y)*Cos(a) - Sin(y)*Sin(B)*Sin(a))*y; -
Sin(y) * Cos(B) * 2
= (Sin(y) *Sin(a)-Cos(y)*Sin(B) *Cos(a) ) *xq +
(Sin(y)*Cos(a)+Cos(y)*Sin(B)*Sin(a)) *y, &
Cos(y) * Cos(B)*z,

'F Atan2(y,,x,)*180+m

= Asin(z,)*180 +m

4 Conversion of sample locations for rectangular region-wise packing

to this process are:

saﬂple location (x, y) within the packed region, where x and y are in relative region-wise packed

ple units (see subclause 8.15.5.2), while the sample location is at an integer sample location
packed picture,

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

width and theheight (packedRegWidth, packedRegHeight) of the packed region, in relative
Se packed pi€ture sample units, and

nsformtype (transformType).

s of‘this process are:

(44)

picture
within

bjected

region-

— the centre point of the sample location (hPos, vP0s) within the projected region 1n relative projected
picture sample units, where hPos and vPos could have non-integer real values.

The outputs are derived as follows:
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if( transformType == 0 || transformType == 1 || transformType == 2 || transform-
Type == 3){

horRatio = projRegWidth + packedRegWidth

verRatio = projRegHeight + packedRegHeight

}els

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

transformType == 7){
horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth

}
if( transformType == 0) {
hPos = horRatio * (x+ 0.5)

v
} elg
h
v
} els
h
v
} elg
h
v
} elg
h
v
} elg
h
v
} els
h
v
} elg
h
v

}

NOTE
sample

8.15.1
relativ

This su

os =verRatio * (y + 0.5)

e if ( transformType == 1) {

Pos = horRatio * ( packedRegWidth -x - 0.5)
Pos = verRatio * (y + 0.5)

e if (transformType == 2){

Pos = horRatio * ( packedRegWidth -x-0.5)
Pos = verRatio * ( packedRegHeight -y - 0.5) (
e if (transformType == 3){

Pos = horRatio * (x+ 0.5)

Pos = verRatio * ( packedRegHeight -y - 0.5)
e if ( transformType == 4) {

Pos = horRatio * (y + 0.5)

Pos = verRatio * (x + 0.5)

e if ( transformType == 5) {

Pos = horRatio * (y + 0.5)

Pos = verRatio * ( packedRegWidth - x - 0.5)
e if (transformType ==6) {

Pos = horRatio * ( packedRegHeight -y - 0.5)
Pos = verRatio * ( packedRegWidth - x - 0.5)
e if (transformType == 7){

Pos = horRatio * ( packedRegHeight — y - 0.5')
Pos = verRatio * (x + 0.5)

The offsets equal to 0.5 resultin @ sampling position that is in the centre point of a sample in packed|
units.

5 Mapping of luma sample locations within a cropped decoded picture to sphere coordi
e to the global coordinate axes

bclause specifies-the mapping of luma sample locations within a cropped decoded picture to

coordinates relativé to’the global coordinate axes.

If Regi
NumP4

— Fo

pnWiseRackingFlag is equal to 1, the following applies for each packed region n in the range
ckedRegions - 1, inclusive:

15)

picture

nates

sphere

of 0 to

" ‘'each sample location (xPackedPicture, yPackedPicture) belonging to the n-th packed region, the

fol

owing applies:

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

as follows:

— xis setequal to xPackedPicture — PackedRegionLeft[ n ].

— yissetequal to yPackedPicture — PackedRegionTop[ n |.

— Subclause 8.15.1.4 is invoked with x, y, PackedRegionWidth[

], 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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— XxProjPicture is set equal to ProjRegionLeft[ n ] + hPos.

— When StereoFlag is equal to 0 or TopBottomFlag is equal to 1, and when xProjPicture 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_width, /] 2 and
xProjPicture is greater than or equal to rwp_proj_picture_width, xProjPicture i3 sdt equal
to xProjPicture - rwp_proj_picture_width / 2.

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

—| Subclause 8.15.1.6 is invoked with xProjPicture, yProjPicture, ConstituentPicWidth, and
ConstituentPicHeightas inputs,and the outputsindicating the sphere coordinates and the congtituent
picture index (for frame-packed stereoscopic video) for the luma sample location (xPackedPicture,
yPackedPicture) belonging to the n-th packed region in the decoded picture.

Otherwise if RegionWisePackingFlag is equal 0 and CmpFlag is equal to~1, the following applies fpr each
samplg location (x, y) that is not a cubemap projection guard band sample within the cropped decoded
picturg:

— xPfojPicture is set equal to x + 0.5.
— yPfojPicture is set equal toy + 0.5.

— Subclause 8.15.1.6 is invoked with xProjRicture, yProjPicture, ConstituentPicWidth, and
CopstituentPicHeight as inputs, and the outputstiindicating the sphere coordinates and the congtituent
pidture index (for frame-packed stereoscopic\¥ideo) for the sample location (%, y) within the cpopped
degoded picture.

Otherwise (RegionWisePackingFlag is equalto 0 and CmpFlag is equal to 0), the following applies fpr each
sampld location (x, y) that is not an equirectangular projection guard band sample within the cfopped
decoded picture, where a sample location (X, y) is an equirectangular projection guard band sample when
and only when ErpFlag is equal te-1; x is in the range of 0 to erp_left_guard_band_width - 1, inclufive, or
ConstifluentPicWidth - erp_right_guard_band_width to ConstituentPicWidth - 1, inclusive, and y ig in the
range of 0 to ConstituentPicHeight — 1, inclusive:

— xPfojPicture is set equal to x + 0.5.
— yProjPicture issetequal to y + 0.5.

— IfBrpFlagis equal to 0, projPicWidth is set equal to ConstituentPicWidth. Otherwise (ErpFlag is gqual to
1),|projPieWidth is set equal to ConstituentPicWidth - ( erp_left_guard_band_width + erp_right [guard_
band Ayidth ).

— Subctause 81516 isinvoked with xProjPicture, yProjPicture, projPicWidti, anmd€o ituentPicHeight 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 coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the global’cooydinate
axes, and

— wHen StereoFlag is equal to 1, the index of the constituent picture (constituentPicture)equal to () or 1.
The oufputs are derived with the following ordered steps:
1. conpstituentPicture, xProjPicture, and yProjPicture are conditionally set as‘follows:

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

— constituentPicture is set equal to 1.

— When xProjPicture is greater than or equal o pictureWidth, xProjPicture is |set to
xProjPicture - pictureWidth.

— When yProjPicture is greater than orcé€qual to pictureHeight, yProjPicture is |set to
yProjPicture - pictureHeight.

— | Otherwise, constituentPicture is set equal‘to 0.

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

3. azimuthGlobal and elevationGlobal are set as follows:

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

— | Otherwise, azimuthGlobal is set equal to azimuthLocal and elevationGlobal is set equal to
elevationLeggak

8.15.1)7 Calculation of the cubemap face size for a projected picture

Inputs fo-this process are:

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

Outputs of this process are:

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

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

if( gcmp_packing_type == 0){
if( gcmp_guard_band_flag )

gcmpPicHeight —= 2 * gcmpGuardBandSamples

faceWidth = gcmpPicWidth

faceHeight = gcmpPicHeight / 6
} elge if( gcmp_packing_type == 1) {
if( gcmp_guard_band_flag)

gcmpPicWidth -= 2 * gcmpGuardBandSamples

faceWidth = gcmpPicWidth / 2
faceHeight = gcmpPicHeight / 3

} elge if( gcmp_packing_type == 2){
if( gcmp_guard_band_flag)

gcmpPicHeight —= 2 * gcmpGuardBandSamples

faceWidth = gcmpPicWidth / 3
faceHeight = gcmpPicHeight / 2

} elge if( gcmp_packing_type == 3){
if( gcmp_guard_band_flag)

gcmpPicWidth -= 2 * gecmpGuardBandSamples

faceWidth = gcmpPicWidth / 6
faceHeight = gcmpPicHeight

} elge if( gcmp_packing_type == 4){
if( gcmp_guard_band_flag)

gcmpPicWidth -= 2 * gcmpGuardBandSamples

faceWidth = gcmpPicWidth / 3
faceHeight = gcmpPicHeight
} elge if( gcmp_packing_type == 5){

1

—n

f;
}

The va
— Ifg

( gcmp_guard_band_flag)

gcmpPicHeight —= 2 * gcmpGuardBandSamples
iceWidth = gcmpPicWidth
iceHeight = gcmpPicHeight /3

ues of faceWidth and.faceHeight are constrained as follows:
cmp_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), fac
shall bé @multiple of 4 in units of luma samples.

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

46)

eWidth

of 2 in

— 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’s
eqfal to gcmpPicHeight / 6.

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

— Otherwise, if gcmp_packing_type is equal to 2, gcmpPicWidth shall be a multipl€)of 3 and gcmpPi
shall be a multiple of 2, and gcmpPicWidth / 3 shall be equal to gcmpPicHeight,/ 2.

— Ot
/4

— 0Ot
sh

— 0Ot
shi

8.15.1
cubem

Inputs

— saiple location (hPos, vPos) within. the projected picture in relative projected picture sampl

wh

— fad

projected picture sample units.

Output

— thg
un

The ou

herwise, if gcmp_packing_type is equal to 3, gcmpPicWidth shall be amultiple of 6, and gcmpPi
shall be equal to gcmpPicHeight.

herwise,ifgcmp_packing_typeisequalto 4, gcmpPicWidth shall be amultiple of 6,and gcmpPicW|
11 be equal to gcmpPicHeight.

11 be equal to gcmpPicHeight / 3.

ap face

to this process are:

ere hPos and vPos could have ngnsinteger real values, and

eWidth and faceHeight, which.are the width and height, respectively, of the projected face, in 1

s of this process are:

sample location-fhPosFace, vPosFace) within the projected face in relative projected picture
ts, where hPesFace and vPosFace could have non-integer real values.

[puts are-derived as follows:

hall be

‘Height
‘Height
cWidth
idth /3

nerwise, if gcmp_packing_type is equal to 5, gcmpPicHeight shall be a multiple of 6, and gcmpPicWidth

8 Conversion from a sample location in a projected picture to a sample location in a projected

P units,

elative

sample
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Size = gcmpGuardBandSamples

tmpHorPos = hPos
tmpVerPos = vPos

if(

gcmp_guard_band_flag ) {

if( gcmp_guard_band_boundary_exterior_flag ) {

tmpHorPos = hPos - gbSize
tmpVerPos = vPos - gbSize

if( gcmp_packing_type == 0)

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

else if( gcmp_packing_type == 1)

{
{
{
gb
{
gb

}

w
h =
hP
vP

8.15.1

Inputs

— samnple location (hPosFace, vPosFage)within the n-th projected face in relative projected picture

un

— fad

tmpHorPos = tmpHorPos < faceWidth ? tmpHorPos : tmpHorPos - 2 * gbSize
lse if( gcmp_packing_type == 2)

tmpVerPos = tmpVerPos < faceHeight ? tmpVerPos : tmpVerPos - 2 * gbSize
lse if( gcmp_packing_type == 3)

tmpHorPos = tmpHorPos < 3 * faceWidth ? tmpHorPos : tmpHorPos - 2 * gbSize
lse if( gcmp_packing_type == 4)

tmpHorPos = tmpHorPos < faceWidth / 2 ? tmpHorPos : tmpHorPos < 2.5 * faceWidth +
Size ?

tmpHorPos - gbhSize : tmpHorPos - 2 * gbSize

lse if( gcmp_packing_type == 5)

tmpVerPos = tmpVerPos < faceHeight / 2 ? tmpVerPos : tmpVerPos<-2.5 * faceHeight +
Size ?
tmpVerPos - gbSize : tmpVerPos - 2 * gbSize

= Floor( tmpHorPos + faceWidth )
Floor( tmpVerPos + faceHeight )
osFace = tmpHorPos — w * faceWidth
psFace = tmpVerPos - h * faceHeight

9 Rotation of sample locations for a projected cubemap face

to this process are:

ts, where hPosFace and vPosFace could have non-integer real values, and

projected picture sample Gnits.

Output

— the

s of this process are:

sample units,where hPosRot and vPosRot could have non-integer real values.

The ou

[puts are.derived as follows:

eWidth and faceHeight, which are the width and height, respectively, of the projected face, in 1

rotated sample location (hPosRot, vPosRot) within the projected face in relative projected

47)

sample

elative

picture

© ISO/IEC 2024 - All rights reserved
66


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

ISO/IEC 23002-7:2024(en)

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){ (48)
hPosRot = faceWidth - hPosFace
vPosRot = faceHeight — vPosFace

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

hPosRot = faceHeight - vPosFace

vPosRot = hPoskFace

8.15.1{10 Adjustment of a sample location for hemisphere cubemap projection
Inputs fo this process are:

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

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

Outputs of this process are:

— the adjusted sample location (hPosAdj, vPosAdj) withinwthe n-th projected face in relative prpjected
pidture sample units, where hPosAdj and vPosAdj could-hiave non-integer real values.

The oufputs are derived as follows:

leftFaceldx = {5,3,1,0,0, 1}
rightFaceldx={4, 2,0, 1, 1, 0}
topFaceldx = {2, 4, 4, 4, 2, 2}
bottomFaceldx = {3, 5,5, 5, 3, 3}
hPosAdj = hPosRot

vPpsAdj = vPosRot

if(jn = 2)

if( face_index[2 ] = = leftEag¢eldx| face_index[n]] && hPosAdj >= faceWidth / 2) (49)
hPosAdj -= faceWidth// 2

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

else if( face_index{2 | = = topFaceldx[ face_index[ n]] && vPosAdj >= faceHeight /2)
vPosAdj <42-faceHeight / 2

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

8.15.2| Equirectangular projection SEI message

8.15.2.1 Equirectangular projection SEI message syntax

equirectangular_projection( payloadSize ) { Descriptor
erp_cancel_flag u(1)
if( lerp_cancel_flag) {
erp_persistence_flag u(1)
erp_guard_band_flag u(1)
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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

The ec
equire
sphere
from t}h

¢ is thg

Use of 1

A (

When
project
differe

When
there s

A fram
effectiy

Th|
Th|
Th|
Th|
Th
Th|
Th|
Th|
Th|

2 Equirectangular projection SEI message semantics

uirectangular projection SEI message provides information to enable remapping |(thro
rtangular projection) of the colour samples of the projected pictures onto a sphere coordinate g
coordinates (¢, 8) for use in omnidirectional video applications for which the viewing perspe
le origin looking outward toward the inside of the sphere. The sphere coordinates are defined
e azimuth (longitude, increasing eastward) and 0 is the elevation (latitude, ih¢reasing northw

his SEI message requires the definition of the following variable:
hroma format indicator, denoted herein by ChromaFormatldc, as desctribed in subclause 7.3.

hin equirectangular projection SEI message is present for any picture of a CLVS, an equirectd
ion SEI message shall be present for the first picture of thel CLVS and no SEI message indig
Nt type of projection shall be present for any picture of the GLVS.

the SAR for a picture is indicated by vui_aspect_ratio’idc or sari_aspect_ratio_idc greater
hould be no equirectangular projection SEI messages applicable for the picture.

e packing arrangement SEI message for whichall the following conditions are true is referred {
rely applicable frame packing arrangement SEI message:

e value of fp_arrangement_cancel_flagis-equal to 0.
e value of fp_arrangement_type isieguial to 3, 4, or 5.
e value of fp_quincunx_sampling_flag is equal to 0.
e value of fp_spatial_flipping_flag is equal to 0.

e value of fp_field_views_flag is equal to 0.

e value of fp_frane0_grid_position_x is equal to 0.

e value of fp_frame0_grid_position_y is equal to 0.

e value-of fp_framel_grid_position_x is equal to 0.

e value of fp_framel_grid_position_y is equal to 0.

igh an
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When a frame packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 that applies
to the picture is present that is not an effectively applicable frame packing arrangement SEI message, 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.

— Thf bitstream ends.

— A picture in the current layer in an AU associated with an equirectangular projection SEl’megsage is
oufput that follows the current picture in output order.

erp_gyard_band_flag equal to 1 indicates that the constituent picture contains guard band areas for which
the siz¢s are specified by the syntax elements erp_left_guard_band_width and erp_right)guard_band| width.
erp_guprd_band_flag equal to 0 indicates that the constituent picture does not contains guard bang areas
for which the sizes are specified by the syntax elements erp_left_guard_band_width and erp_right_Jguard_
band_width.

erp_reserved_zero_2bits shall be equal to 0 in bitstreams conforming-to this edition of this doqument.
Other yalues for erp_reserved_zero_2bits are reserved for future useiby ITU-T | ISO/IEC. Decodeys shall
ignore the value of erp_reserved_zero_2bits.

erp_gyard_band_type indicates the type of the guard bands as follows:

— erp_guard_band_type equal to 0 indicates that the coritent of the guard band in relation to the ¢ontent
of the constituent picture is unknown or unspecified’or specified by other means not specified| in this
dofument.

— erp_guard_band_type equal to 1 indicates thatthe content of the guard band suffices for interpolation of
sample values at sub-pel sample fractionaldocations within the constituent picture.

NOTE erp_guard_band_type equal to 1 could be used when the source boundary samples of a constituent{picture
have befen copied horizontally to the guardband.

— eri_guard_band_type equal to 2.indicates that the content of the guard band represents actual picture
coptent at a quality that gradually changes from the picture quality of the constituent picture tofthat of
the spherically adjacent region.

— erp_guard_band_typé-equal to 3 indicates that the content of the guard bands represents actual picture
comntent at a similar-level of quality as the constituent picture.

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

erp_left_guard_band_width specifies the width of the guard band on the left side of the constituent picture
in unitp of luma samples. When erp_guard_band_flag is equal to 0, the _width
o laa aciic o {1 UAEIEE ajaoiasalioziaaa Fdeie SRR o 4. ‘hroma

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)
gfmp_mapping_function_type u(2)
for(i=0;i< (gcmp_packing_type==4| | gcmp_packing_type==5)75:6;
i++){
gcmp_face_index|i ] u(3)
gcmp_face_rotation|i | u(?)
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)
iff( gcmp_guard_band_flag) {
gcmp_guard_band_type u(3)
gcmp_guard_band_boundary_exterior:flag u(1)
gcmp_guard_band_samples_minus1l u(4)
}
}
}

8.15.3f2 Generalized cubemap projection SEI message semantics

The generalized cubemap-projection SEI message provides information to enable remapping (through a
generalized cubemap prejection) of the colour samples of the projected pictures onto a sphere coofrdinate
space in sphere coofdinates (¢, 6) for use in omnidirectional video applications for which the yiewing
perspegtive is from'the origin looking outward toward the inside of the sphere. The sphere coordingdtes are
defined so thats the azimuth (longitude, increasing eastward) and 0 is the elevation (latitude, increasing
northward),

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

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

When 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.
— Thk value of fp_frame0_grid_position_y is equal to 0.
— Th value of fp_framel_grid_position_x is equal to 0.
— Thk value of fp_framel_grid_position_y is equal to 0.

When g frame packing arrangement SEI message with fp_arrangement_cancel flag equal to 0 that
to the jpicture is present that is not an effectively applicable frame packing-arrangement SEI meg
generalized cubemap projection SEI message with gcmp_cancel_flag equal to 0 that applies to the
shall npt be present. Decoders shall ignore generalized cubemap projection SEI messages when 4
packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0 that applies to the pi
present that is not an effectively applicable frame packing arrangerient SEI message.

When [all of the following conditions are true, the fumnctionality of the generalized cy

applies
sage, a
picture
frame
rture is

bemap

projectfion SEI message is exactly the same as the cubemap projection SEI message specified in in

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

— Thk value of gcmp_packing_type is equal to 2;

— Th value of gcmp_mapping_function_type is‘equal to 0;

— The values of gcmp_face_index[ i ] for i from 0 to 5, inclusive, are equal to 5, 0, 4, 3, 1 and 2, respe
— The value of gcmp_face_rotation[ i{lis-equal to 0 for each value of i in the range of 0 to 5, inclusiv
— The value of gcmp_guard_band flag is equal to 0.

gcmp_tancel_flag equal to 1 indicates that the SEI message cancels the persistence of any p
generalized cubemap projection SEI message in output order. gcmp_cancel_flag equal to 0 indicat
cubemap projection inforhfation follows.

gcmp_persistence _flag specifies the persistence of the generalized cubemap projection SEI message
currenf layer.

gecmp_persistenceé_flag equal to 0 specifies that the generalized cubemap projection SEI message ap
the curfrent decoded picture only.

ctively;

he

-

revious
es that

for the

plies to

gcmp_p<€

plies 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 cubemap projection SEI message is output that

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 |2
2
34 |5
3 Q\*1 [ 2|3 |45
4 of1| 2 |34
0
1
5 2
3
4
gcmp_mapping_function-type specifies the mapping function used to adjust the sample lofations
of the |cubemap proje€tion. gcmp_mapping_function_type equal to 0 specifies that the same nlapping
functign as specified\for the cubemap projection SEI message in Rec. ITU-T H.265 | ISO/IEC 23008-2 and
Rec. ITIU-T H.264,1SO/IEC 14496-10 is used. gcmp_mapping_function_type equal to 1 specifies that the

equi-angular mapping function is applied to adjust the sample locations of the projected face, as defined in
subclayise 8.15.1.2. gcmp_mapping_function_type equal to 2 specifies that the coefficients of the mjapping
functign applied to adjust the sample locations of the i-th projected face are specified by the syntax elements
gemp_fluriction_coeff_uf 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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— Otherwise, if gcmp_face_index[2 ] is equal to 2 or 3, the value of gcmp_face_index[i] foriequalto 0, 1, 3

or

4 shallbe 0, 1, 4, or 5.

— Otherwise, the value of gcmp_face_index[ i ] for i equal to 0, 1, 3 or 4 shall be in the range of 0 to 3,
inclusive.

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 ]

When

constraints apply:

be

Rotation anglein degree fanticlock-
gcmp_tace_rotation| 1 | ° wise)o N
0 0
1 90
2 180
3 270

bcmp_packing_type is equal to 4, it is a requirement of bitstream confermance that the fo

lowing

— Ifgcmp_face_index[2 ] is equal to 0 or 1, the value of gcmp_face_rotationf1 ] fori equal to 0, 1, 3 o114 shall
0 or 2.
herwise, if gcmp_face_index[2 ] is equal to 2 or 3, when gcmp/face_index| i ] is equal to 1, the value of

— Ot

gc
— 0Ot

When

constraints apply:

be

chEp_face_rotation[ i ] shall be 0 or 2, and when gcmp_faceyindex[ i ] is equal to 0, 4 or 5, the v

p_face_rotation[ i ] shall be 1 or 3.

bcmp_packing_type is equal to 5, it is a requirement of bitstream conformance that the fo

alue of

herwise, when gcmp_face_index][ i ] is equal to 0, thewalue of gcmp_face_rotation[i] shall be 0 of 2,and
when gcmp_face_index[i] is equal to 1, 2 or 3, the value of gcmp_face_rotation[ i | shall be 1 or 3

lowing

— Ifgcmp_face_index[2 ] is equal to O or 1;the value of gcmp_face_rotation[i] foriequal to 0, 1, 3 o1 4 shall
1 or3.
herwise, if gcmp_face_index[2 ]-is equal to 2 or 3, when gcmp_face_index][ i ] is equal to 1, the value

— 0Ot
of

— Ot

bcmp_face_rotation[ i | shall'be 1 or 3, and when gcmp_face_index[ i ] is equal to 0, 4 or 5, the yalue of
gcimp_face_rotation[ i | shdll,be 0 or 2.

nerwise, when gcmp-face_index[i] is equal to 0, the value of gcmp_face_rotation[i] shall be 1 of 3, and
when gecmp_face_index] i ] is equal to 1, 2 or 3, the value of gcmp_face_rotation[ i | shall be 0 or 2

gcmp_function_coeff u| i | specifies the coefficient used in the cubemap mapping function of the utaxis of

the i-tH face. Whenygcmp_function_coeff u[ i ] is not present, it is inferred to be equal to 0.

gemp_functien_u_affected_by_v_flag[ i | equal to 1 indicates that the cubemap mapping functior

u-axis
indica

refers’ to the v position of the sample location. gcmp_function_u_affected_by_v_flag[ i | equ

of the
alto 0
cation.

sthatthe r‘nhpmnp mqpping function in u-axis doesnotrefertothe v pncifinn ofthe Qamp]n 1d

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_guard_band_type equal to 0 indicates that the content of the guard bands in relation to the

content

of the coded face is unknown or unspecified or specified by other means not specified in this document.

gcmp_guard_band_type equal to 1 indicates that the content of the guard bands suffices for interpolation

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

NOTE gcmp_guard_band_type equal to 1 could be used when the source boundary samples of a coded face

have been copied horizontally or vertically to the guard band.

gcmp_guard_band_type equal to 2 indicates that the content of the guard bands represents actual

picture

content that 1s spherically adjacent to the content in the coded Iace at quality that gradually dnanges

frgm 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 actual

picture

content that is spherically adjacent to the content in the coded face at a similar picture quality as|within

the coded face.

gcp_guard_band_type values greater than 3 are reserved for future use by ITU=T | ISO/IEC. D¢coders
shall treat the value of gcmp_guard_band_type when the value is greater than 3 as equivalent to the

value 0.

gcmp_guard_band_boundary_exterior_flag indicates which face boundaries contain guard ba
specifigd in Table 12.

nds, 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 1 1of1| 2 [31]4

# #
e R P PP P T P R P P E T2

|

AN

AN
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1

5 1 102
N
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gcmp_guard_band_samples_minus1 plus 1 specifies the number of guard band samples, in units ¢f luma
samples, used in the cubemap projected picture. When ChromaFormatldc is equal to 1 (4:2:0 chroma format)
or 2 (4{2:2 chroma format), gcmp_guard_band_samples_minus1 pli§ 1 shall correspond to an even jumber
of lumg samples within the cropped decoded picture.

8.15.4| Sphere rotation SEI message

8.15.4{1 Sphere rotation SEI message syntax

spherd_rotation( payloadSize ) { Descriptor

sphere_rotation_cancel_flag u(l

if( !$phere_rotation_cancel_flag) {
sphere_rotation_persistence_flag u(1)
sphere_rotation_reserved-zero_6bits u(g)
yaw_rotation i(32)
plitch_rotation i(32)
rpll_rotation i(32)

8.15.4f2 Sphere rotation SEI message semantics

The sphererotation SEL nressage pr ovidesinformatiomronrotation auglca yaw (u), pitt,h (B), anrdrott 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 message for the
current layer.

sphere_rotation_persistence_flag equal to 0 specifies that the sphere rotation SEI message applies to the
current decoded picture only.

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

— A new CLVS of the current layer begins.

When
project

The bitstream ends.

picture in the current layer in an AU associated with a sphere rotation SEI message jis.otitgut that
follJows the current picture in output order.

ho omnidirectional video projection is indicated to apply to a picture, e.g., by(arv’'equirectangular
ion SEI message with erp_cancel_flag equal to 0 or a generalized cubemap prejection SEI njessage

with g¢mp_cancel_flag equal to 0 being present in the CLVS that applies to the pidture, a sphere rptation
SEI mepsage with sphere_rotation_cancel_flag equal to 0 shall not be present in the CLVS that applie
current picture. Decoders shall ignore sphere rotation SEI messages with sphére/rotation_cancel_flag equal
to 0 fox pictures to which no omnidirectional video projection is indicated.to apply.

sphere

documgpnt. Other values for sphere_rotation_reserved_zero_6bits are reserved for future use by ITU-
IEC. Dgcoders shall ignore the value of sphere_rotation_reserved<{zero_6bits.

5 to the

_rotation_reserved_zero_6bits shall be equal to 0 in bitstreams conforming to this edition| of this

[|1S0/

yaw_r¢tation specifies the value of the yaw rotation angle, in units of 2716 degrees. The value of yaw_rptation

shall b

present, the value of yaw_rotation is inferred to be equakte 0.

pitch_rotation specifies the value of the pitch rotation angle, in units of 2716 degrees. The value o

rotatio

presenf, the value of pitch_rotation is inferred to be equal to 0.

b in the range of -180 * 216 (i.e., -11 796 480) to 180.* 216 - 1 (i.e., 11 796 479), inclusive. When not

F pitch_

h shall be in the range of -90 * 216 (i.e., -5.898 240) to 90 * 216 (i.e., 5 898 240), inclusive. When not

roll_rdtation specifies the value of the rollvotation angle, in units of 2716 degrees. The value of roll_rptation

shall b

present, the value of roll_rotation is,inferred to be equal to 0.

8.15.5| Region-wise packing SEI' message

8.15.5{1 Region-wise packing SEI message syntax

p in the range of -180 * 216 (i.e.(-11 796 480) to 180 * 216 - 1 (i.e., 11 796 479), inclusive. When not

regionwise_packingfpayloadSize ) { Descriptor

rwp_cancel(flag u(1)

if( 'rwp_cancel _flag) {
rwp.persistence_flag u(1)
rwp_constituent_picture_matching_flag u(l)
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)
T wp_pa\,}xcd_l t:giuu_lu:ight[ T ] u(l 3)
rwp_packed_region_top|[i] u(16)
rwp_packed_region_left[i ] u(16)
if(rwp_guard_band_flag[i]) {
rwp_left_guard_band_width][ i ] u(g)
rwp_right_guard_band_width][ i ] u(g)
rwp_top_guard_band_height][ i ] u(g)
rwp_bottom_guard_band_height[ i ] u(g)
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 information to enable remapping of the colour samples of the cropped decoded
picturds onto projected pictures as well as information on the location and size of the guard bands, if gny.

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

rwp_cancel_flag equalto1 indicates that the SEI message cancels the persistence of any previous RWP SEI
message in output oxdet. 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_pdgrsistence_flag equal to 0 specifies that the RWP SEI message applies to the current decoded pictulre only.

cnce O (] ( l“ A he RWP me op ll‘ 0 ne c1 (ecodaed

rwp_pé _flag 5 5 age 2 picture
and persists for all subsequent pictures of the current layer in output order until one or more of the following
conditions are true:

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

— A picture in the current layer in an AU associated with a 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 generalized-cubemap-projection-SElL message with amen cancel flag egual to-0 is present in the
o rr J o o r— —_ t=) 1 r

CLVS that applies to the current picture and precedes the RWP SEI message in decoding order, alRWP SEI
message with rwp_cancel_flag equal to 0 shall not be present in the CLVS that applies to the currernt picture
unless pll the following conditions are true for the generalized cubemap projection SEI message:

— Thk value of gcmp_packing_type is equal to 2;
— Th values of gcmp_face_index[ i ] forifrom 0 to 5, inclusive, are equal to 5, 0, 4,301 and 2, respeftively;

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

-

— Thk value of gcmp_guard_band_flag is equal to 0.

For thg frame packing arrangement scheme indicated by a frame packing arrangement SEI messajge that
applied to the current picture, if a RWP SEI message with rwp_caneel_flag equal to 0 is present that japplies
to the ¢urrent picture, the frame packing arrangement scheme applies to the projected picture, othprwise,
the frame packing arrangement scheme applies to the cropped decoded picture.

If a frame packing arrangement SEI message with fp_arrangement_cancel_flag equal to 0, fp_arrangement_
type equal to 3, 4, or 5, and fp_quincunx_sampling_flagegual to 0 is not present that applies to the ¢urrent
picturd, the variables StereoFlag, TopBottomFlag, SideBySideFlag, and TemplnterleavingFlag are|all set
equal tp 0, the variables HorDiv1 and VerDiv1 are.both set equal to 1. Otherwise the following applies:

— StdreoFlagis set equal to 1.

— When the fp_arrangement_type is edqual to 3, SideBySideFlag is set equal to 1, TopBottomFlag and
TemplnterleavingFlag are both setlequal to 0, HorDiv1 is set equal to 2 and VerDiv1 is set equal tp 1.

— When the fp_arrangement_typeis equal to 4, TopBottomFlag is set equal to 1, SideBySideFlag and
TemplnterleavingFlag are both set equal to 0, HorDiv1 is set equal to 1 and VerDiv1 is set equal tp 2.

— When the fp_arrangemeént_type is equal to 5, TemplInterleavingFlag is set equal to 1, TopBottomFjlag and
SideBySideFlag are both set equal to 0, HorDiv1 and VerDiv1 are both set equal to 1.

rwp_constituent_picture_matching_flag equal to 1 specifies that the projected region information,
packed region information, and guard band region information in this SEI message apply individyally to
each cgnstitueiit picture and that the packed picture and the projected picture have the same sterepscopic
frame packing.format indicated by the frame packing arrangement SEI message. rwp_constituent_picture_
matching/flag equal to 0 specifies that the projected region information, packed region informatipn, and
guard and 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 reglon When a pI‘O]ECted plcture isa reglon wise packed plcture (i.e., there is a one-to-one mapping
betwee a are e i
sample |unit is equlvalent to a relatlve reglon wise packed plcture sample unlt) rwp_ pr01 plcture w1dth aind rwp_
proj_pigture_height would have such values that rwp_proj_picture_width is an integer multiple of cropPi¢Width and
rwp_prpj_picture_height is an integer multiple of cropPicHeight, where cropPicWidth and cropPicHeight are tHe width
and height, respectively, of the cropped decoded picture, in units of luma samples.

The values of rwp_proj_picture_width and rwp_proj_picture_height shall both be greatérithan 0.

rwp_packed_picture_width and rwp_packed_picture_height specify the width‘and height, respectively,
of the packed picture, in relative region-wise packed picture sample units.

The values of rwp_packed_picture_width and rwp_packed_picture_height shiall'both be greater than|0.

It is a [requirement of bitstream conformance that rwp_packed_picture_width and rwp_packed_picture_
height |shall have such values that rwp_packed_picture_width is an integer multiple of cropPicWidth and
rwp_packed_picture_height is an integer multiple of cropPicHeight,‘where cropPicWidth and cropPi¢Height
are the width and height, respectively, of the cropped decoded pictlire, in units of luma samples.

rwp_reserved_zero_4bits[ i | shall be equal to 0 in bitstreanis conforming to this edition of this doqument.
Other values for rwp_reserved_zero_4bits[ i | are reservedfor future use by ITU-T | ISO/IEC. Decodefs shall
ignore the value of rwp_reserved_zero_4bits[ i ].

rwp_tgansform_type[ i | specifies the rotation and mirroring to be applied to the i-th packed region to
remap [to the i-th projected region. When rwp.transform_type][ i ] specifies both rotation and mirroring,
rotatiop applies before mirroring. The values of rwp_transform_type[ i ] are specified in Table 13.

Table 13 *— rwp_transform_type[i] values

Value Description

0 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

N OV | U BRI 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).

© ISO/IEC 2024 - All rights reserved
80


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

ISO/IEC 23002-7:2024(en)

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 ], rwp_packed_region_height[ i ], rwp_packed_region_top][ i |, and rwp_packed_region deft[ | | shall
repres¢nt integer horizontal and vertical coordinates of luma sample units within the cropped decoded
picturgs.

NOTE 3] Two packed regions could partially or entirely overlap with each other.

rwp_ldft_guard_band_width] i | specifies the width of the guard band on the left.side of the i-th [packed
region [in relative region-wise packed picture sample units. When ChromaFoermatldc is equal to 1 (4:2:0
chromg format) or 2 (4:2:2 chroma format), rwp_left_guard_band_width[ i\|\shall correspond to gn even
numbe} of luma samples within the cropped decoded picture.

rwp_right_guard_band_width][ i | specifies the width of the guard banid on the right side of the i-th packed
region [in relative region-wise packed picture sample units. Whetiy ChromaFormatldc is equal to 1 (4:2:0
chromag format) or 2 (4:2:2 chroma format), rwp_right_guard_band_width[ i | shall correspond to gn even
numbef of luma samples within the cropped decoded picture,

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

rwp_bpttom_guard_band_height] i | specifiés the height of the guard band below the i-th packed|region
in relative region-wise packed picture sample units. When ChromaFormatldc is equal to 1 (4:2:0 ¢hroma
format), rwp_bottom_guard_band_heighit]i ]| shall correspond to an even number of luma samples|within
the cropped decoded picture.

When fwp_guard_band_flag[ i j~s equal to 1, rwp_left_guard_band_width[ i ], rwp_right_guard_band_
width([[i ], rwp_top_guard_band_height[ i ], or rwp_bottom_guard_band_height[ i | shall be greater than 0.

The i-th packed region as specified by this SEI message shall not overlap with any other packed|region
specified by the same SElmessage or any guard band specified by the same SEI message.

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

rwp_g uard band not_ used for_pred_ flag[ ] equal to 0 spec1f1es that the guard bands mlght or might not
be use e : 2 3 0 1 s
that the sample values of the guard bands are not used in the 1nter predlctlon 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

th')h ahe camp]n outside aofthe hnnnﬂary ofthe par‘lznr] rnginn

NOTE 5

been copied horizontally or vertically to the guard band.

—r
pid
thg
of

— rwp_guard_band_type[i][j] equal to 3 indicates that the content of the gudrd bands represents

pid
pa

— rwlp_guard_band_type[ i ][ j ] values greater than 3 are resefved for future use by ITU-T | I

De
eq
rwp_g
this do
ITU-T |

The va
Packed
and Tr3

— Fo

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

p_guard_band_type[i][j] equal to 2 indicates that the content of the guard bandsyépresents
ture content that is spherically adjacent to the content in the packed region and\is on the sul
packed region at quality that gradually changes from the picture quality of thépacked region|
he spherically adjacent packed region.

ture content thatis spherically adjacent to the content in the packed.region and is on the surfac
[ked region at a similar picture quality as within the packed region:

coders shall treat the value of rwp_guard_band_type[ iJ[)j'] when the value is greater thd
hivalent to the value 0.

hard_band_reserved_zero_3bits[ i ] shall be equal o 0 in bitstreams conforming to this ed
cument. Other values for rwp_guard_band_reserved_zero_3bits[ i ] are reserved for future
ISO/IEC. Decoders shall ignore the value of rwp_guard_band_reserved_zero_3bits[ i ].

riables NumPackedRegions, PackedRegionlieft[ n ], PackedRegionTop[ n ], PackedRegionWid
RegionHeight[ n ], ProjRegionLeft[ n ], RtojRegionTop[ n ], ProjRegionWidth[ n ], ProjRegionHei
insformType[ n ] are derived as follows:

" n in the range of 0 to rwp_num\packed_regions - 1, inclusive, the following applies:
PackedRegionLeft[ n | is setiequal to rwp_packed_region_left[ n |.

PackedRegionTop[ n ] is’set equal to rwp_packed_region_top[ n ].

PackedRegionWidth[ n ] is set equal to rwp_packed_region_width[ n ].
PackedRegienHeight[ n ] is set equal to rwp_packed_region_height[ n ].

ProjRegionLeft[ n ] is set equal to rwp_proj_region_left[ n].

ProjRegionTop[ n ] is set equal to rwp_proj_region_top[ n ].

on have

actual
face of
to that

actual
e of the

b0/1EC.
in 3 as

ition of
use by

th[ n ],
bht[n],

PranpginnWidfh[ n ] is set Pqn;\] ta r\Arp_prnj_rpginn_\/\lidfh[ n ]
ProjRegionHeight[ n ] is set equal to rwp_proj_region_height[ n ].

TransformType[ n ] is set equal to rwp_transform_type[ n ].

— Ifrwp_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
rwp_packed_picture_width / 2.

— proj TopOffsetamnd packed TopOffsetare botirsetequat to 0-

— | For n in the range of NumPackedRegions / 2 to NumPackedRegions - 1, inclusive, the!following
applies:

— nldx s set equal to n - NumPackedRegions / 2.

— PackedRegionLeft[ n ] is set equal to rwp_packed_region_left[ nldx | +¢packedLeftOffset
— PackedRegionTop[ n ] is set equal to rwp_packed_region_top[ nldx’} +packedTopOffset.
— 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_region, top[ nldx ] + projTopOffset.

— ProjRegionWidth|[ n ] is set equal to rwp_projzregion_width[ nldx ].

— ProjRegionHeight[ n ] is set equal to rwpiproj_region_height[ nldx |.

— TransformType[ n ] is set equal to rwp_transform_type[ nldx].

For eadh value of n in the range of 0 to NumPRackedRegions - 1, inclusive, the values of ProjRegionWidth[ n ],
ProjRegionHeight[ n |, ProjRegionTop[ n.};and ProjRegionLeft[ n | are constrained as follows:

— Pro¢jRegionWidth[ n ] shall be in.the range of 1 to rwp_proj_picture_width, inclusive.

—

— P

—

bjRegionHeight[ n ] shall-be/in the range of 1 to rwp_proj_picture_height, inclusive.
— P

-

pjRegionLeft[ n | shall be in the range of 0 to rwp_proj_picture_width - 1, inclusive.

— P

=

bjRegionTop[ nj.shall be in the range of 0 to rwp_proj_picture_height - 1, inclusive.

— If ProjRegionTep| n ] is less than rwp_proj_picture_height / VerDiv1, the sum of ProjRegionTop[|n ] and
PrpjRegionfleight[ n | shall be less than or equal to rwp_proj_picture_height / VerDiv1. Otherwise, the
sun of ProjRegionTop[ n ] and ProjRegionHeight[ n ] shall be less than or equal to rwp_proj_picture_
helght'/ VerDiv1 * 2.

For eachvalue of nin the range ot U to NUmPackedRegions — 1, INCIUSIVE, the values of PackedRegionwidth[n ],
PackedRegionHeight[ n |, PackedRegionTop[ n |, and PackedRegionLeft[ n ] are constrained as follows:

— PackedRegionWidth[ n ] shall be in the range of 1 to rwp_packed_picture_width, inclusive.
— ProjRegionHeight[ n ] shall be in the range of 1 to rwp_packed_picture_height, inclusive.
— PackedRegionLeft[ n | shall be in the range of 0 to rwp_packed_picture_width - 1, inclusive.

— PackedRegionTop[ n ] shall be in the range of 0 to rwp_packed_picture_height - 1, inclusive.
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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 ChromaFormatIdc is equal to 1 (4 2: 0 chroma format) or 2 (4 2:2 chroma format)
Packe : S : : 3 2 I pits, and
Pa kedReg10nW1dth[ ] shall correspond to an even number of luma samples, both w1thm the de

pidture.

When ChromaFormatldc is equal to 1 (4:2:0 chroma format), PackedRegionTop[ n ] shall correspond to
anleven vertical coordinate value of luma sample units, and ProjRegionHeight[ n ] shall.correspord to an
evén number of luma samples, both within the decoded picture.

omni_yiewport( payloadSize ) { Descriptor
omni_viewport_id u(ld))
om‘li_viewport_cancel_flag u(1))
if( !pmni_viewport_cancel_flag) {
omni_viewport_persistence_flag u(1)
ohni_viewport_cnt_minusl u(4))
for(i=0;i<=omni_viewport_cnt_minusl; j++) {
omni_viewport_azimuth_centre][ i } i(33)
omni_viewport_elevation_centre[i] i(33)
omni_viewport_tilt_centre| i i(33)
omni_viewport_hor_rangeéf.i] u(32)
omni_viewport_ver_range|i | u(32)

}

8.15.62 Omnidirectional viewport SEI message semantics

The onpnidiréctional viewport SEI message specifies the coordinates of one or more regions of spherical-
coordinate geometry, bounded by four great c1rcles correspondmg to viewports recommended for display
when Hewing

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_yiewport_persistence_flag equal to 0 specifies that the omnidirectional viewport SEI message applies
to the qurrent decoded picture only.

omni_viewport_persistence_flag equal to 1 specifies that the omnidirectional viewport'\SEI message ppplies
to the ¢urrent decoded picture and persists for all subsequent pictures of the currentlayer in outpyt order
until one or more of the following conditions are true:

— Anew CLVS of the current layer begins.
— The bitstream ends.

— A picture in the current layer in an AU associated with an omnidirectional viewport SEI megsage is
output that follows the current picture in output order.

When ho omnidirectional video projection is indicated to apply to a picture, e.g., by an equirectangular
projectfion SEl message with erp_cancel_flag equal to 0 or a géneralized cubemap projection SEI message with
gcmp_dancel_flag equal to 0 being present in the CLVS tha®applies to the current picture, an omnidirgctional
viewpdrt SEI message with omni_viewport_cancel_flag equal to 0 shall not be present in the CLYS that
applied to the picture. Decoders shall ignore omnidiréctional viewport SEI messages with omni_viewport_
cancel [flag equal to O for pictures to which no ommnidirectional video projection is indicated to apply.

omni_yiewport_cnt_minus1 plus 1 specifies the number of recommended viewport regions that are
indicated by the SEI message.

When ¢mni_viewport_cnt_minusl is greater than 0 and there is no information provided by externall means
not spdcified in this document on which recommended viewport is suggested to be displayed, the following
applies;

— When omni_viewport_id is equal to 0 or 1, the 0-th recommended viewport is suggested to be digplayed
when the user does.not have control of the viewing orientation or has released control of the iewing
orientation.

— When omni_viewport_id is equal to 0, between any two recommended viewports per director's tut, the
i-th recomihended viewport has higher priority than the j-th recommended viewport for any values of i
anfl j whentis less than j. The 0-th recommended viewport per director's cut has the highest prigrity.

— Whémomni_viewport_id is equal to 1, between any two recommended viewports, the i-th recommended
viewporthashigher popularity,among some selection of candidate viewports, than thej-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 Hrame-field information SEI message

8.16.1| Frame-field information SEI message syntax

frame]field_info( payloadSize ) { Descriptor
ffi_field_pic_flag u(1)
if( ffi_field_pic_flag) {
ffi_bottom_field_flag u(1)
ffi_pairing_indicated_flag u(1)
iff( ffi_pairing_indicated_flag)
ffi_paired_with_next_field_flag u(1)
}elde{
ffi_display_fields_from_frame_flag u(1)
iff( ffi_display_fields_from_frame_flag)
ffi_top_field_first_flag u(1)
ffi_display_elemental_periods_minus1 u(q)
}
ffi_source_scan_type u(94)
ffi_guplicate_flag u(1)

}

8.16.2 | Frame-field informatioh SEI message semantics

The frame-field information SEI message may be used to indicate how the associated picture should be
displayjed (although this{s merely a suggestion rather than a prescription, as the display process is putside
the scdpe of this docivment), the source scan type of the associated picture, and whether the asspciated
picturd is a duplicate of a previous picture, in output order, of the same layer.

Use of this SERmessage requires the definition of the following variables:

— A [fixed picture rate indicator associated with a temporal sublayer, denoted her¢in by
FixedPicRateWithinCvsFlag, such that value I 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_paired_with_next_field_flag is present, the following constraints shall apply

— Ifffi_paired_with_next_field_flagis equal to 0, there shall be atleast one picture in the Cl:VSthat pfecedes
the current picture in output order and the picture that precedes the current picture in output order
shall have the opposite parity and ffi_pairing_indicated_flag equal to 1 and the value-of ffi_paired_with_
nekt_field_flag for that preceding picture in output order shall be equal to 1.

— Otherwise, there shall be at least one picture in the CLVS that follows the-eurrent picture in|output

ordler and the picture that follows the current picture in output order shallfave the opposite paifity and
ffi]pairing_indicated_flag equal to 1 and the value of ffi_paired_with-next_field_flag for that following
pidture in output order shall be equal to 0.

—_

ffi_display_fields_from_frame_flag equal to 1, when present, indicates that the display model operptes by
sequenftially displaying the individual fields of the frame with-alternating parity. ffi_display_fieldq_from_
frame_fflag equal to 0, when present, indicates that the display- model operates by displaying the ¢urrent
picturg as a complete frame.

ffi_top| field_first_flag equal to 1, when present, indicates that the first field of the frame that is digplayed
by the Hisplay model is the top field. ffi_top_field_first _flag equal to 0, when present, indicates that the first
field of|the frame that is displayed by the display m@del is the bottom field.

ffi_display_elemental_periods_minus1 plus ‘1) when present, indicates the number of elemental picture
period|intervals that the current coded pi¢ture or field occupies for the display model. The valug of ffi_
display| elemental_periods_minus1 shall'’beequal to DisplayElementalPeriods - 1.

The interpretation of combinationsyof: ffi_field_pic_flag, FixedPicRateWithinCvsFlag, ffi_bottom_field_flag,
ffi_display_fields_from_frame_flag,~" ffi_top_field_first_flag, and ffi_display_elemental_periods_minusl
(through DisplayElementalPeriods) is specified in Table 14, in which syntax elements that are not present
are indlicated by "-". Combigations of syntax elements that are not listed in Table 14 are reserved fo1 future
use by [TU-T | ISO/IEC and-shall not be present in bitstreams conforming to this edition of this document.

NOTE 1] When FixedRi¢RateWithinCvsFlag is equal to 1, the indicated display times are constrained to accpunt for
time dyration for a.display model that follows the display patterns indicated by the values of the syntax elements
of the firame-field~information SEI message (although the display process is outside the scope of this dodqument).
Although the video’decoder model might be specified to only output the entire cropped decoded picture, the modelled
display|behaviour sometimes includes other steps, such as the repeated display of a frame for multiple time q:tervals

when ffj_display_fields_from_frame_flag is equal to 0 or the sequential display of the individual fields of a franpje when
ffi_displayfields from frame flagisequalto1

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

g
from_frame

Indicated display of the picture by the display model

pic_flag

p_field_first_flag

play_fields

ffi_sou
interpr
associd
source
specifi
shall n
edition

ffi_duy
picture
duplicd

FixedPicRateWithinCvsFlag
f{i_bottom_field_fla

ffi_field
fli_dis
flag
fli_to

|
o
|

(progressive) Frame

I
[uny
(=}

Bottom field, top field, in that order

~ | o | = | DisplayElementalPeriods

|
[E=N
_

Top field, bottom field, in that order

Bottom field, top field, bottom field repeated;,
in that order

|
=
o
w

Top field, bottom field, top field repeated;
in that order

(progressive) Frame
displayed for n elemental periods of time

Bottom field, top field;inthat order,
each displayed for 1 elemental period of time

Top field, bottom(field, in that order,
each displayed fot. 2 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

Top-field, bottom field, top field repeated,
- 1 1 3 in that order,
each displayed for 1 elemental period of time

0 - - 1 Top field
1 - - 1 Bottom field

Top field
displayed for 1 elemental period of time

Bottom field
displayed for 1 elemental period of time

rce_scan_type equal to lindicates that the source scan type of the associated picture sh
eted as progressive. ffi: seurce_scan_type equal to O indicates that the source scan type
ted picture should beiinterpreted as interlaced. ffi_source_scan_type equal to 2 indicates t
scan type of the_associated picture is unknown or unspecified or specified by other mez:
bd in this documeént. ffi_source_scan_type equal to 3 is reserved for future use by ITU-T | ISO/]
bt be present.in bitstreams conforming to this edition of this document. Decoders conforming

uld be
of the
hat the
Ans not
EC and
to this

of this document shall interpret the value 3 for ffi_source_scan_type as equivalent to the valule 2.

licateflag equal to 1 indicates that the current picture is indicated to be a duplicate of a p
in eutput order. ffi_duplicate_flag equal to 0 indicates that the current picture is not indicated
tegf'a previous picture in output order.

revious
tobea

NOTE 3

NOTE 4

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.

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(le)
sari_sar_height u(16)
}

}

8.17.2| Sample aspect ratio information SEI message semantics

The SARI SEI message provides information about the sample aspect ratie’of the samples of the asspciated
decoded pictures. When vui_aspect_ratio_constant_flag is equal to 1there shall be no SARI SEI messages
present in the CLVS.

sari_cancel_flag equal to 1 indicates that the SARI SEI message cancels the persistence of any previous
SARI SEI messages in output order that applies to the currentlayer. sari_cancel_flag equal to 0 indicates that
SARI fqllows.

sari_persistence_flag specifies the persistence of the SARI SEI message for the current layer.
sari_pdrsistence_flag equal to 0 specifies that the'SARI applies to the current decoded picture only.

sar_petsistence_flag equal to 1 specifies that the SARI SEI message applies to the current decoded picture
and persists for all subsequent pictures of-the current layer in output order until one or more of the following
conditipns are true:

— Anew CLVS of the current layér-begins.

— The bitstream ends.

— A picture in the current layer in an AU associated with a SARI SEI message is output that follqws the
cufrent picture in-QUtput order.

sari_aspect_ratio-idc, when not equal to 255, indicates the sample aspect ratio of the luma saniples of
the deqoded outpit picture, with the same semantics as specified for the SampleAspectRatio paranjeter in
Rec. ITU-T H.273 | ISO/IEC 23091-2. When the sari_aspect_ratio_idc syntax element is not present, the value
of sarifaspect_ratio_idc is inferred to be equal to 0. Values of sari_aspect_ratio_idc that are specified as
reserv¢dfor future use in Rec. ITU-T H.273 | ISO/IEC 23091-2 shall not be present in bitstreams confprming
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)
ap_occluded_object_flag u(l
ar_partial_object_flag_present_flag uf1
ar_object_label_present_flag u(1l
ar_object_confidence_info_present_flag u(1l
iff( ar_object_confidence_info_present_flag)
ar_object_confidence_length_minus1 u(4
iff( ar_object_label_present_flag ) {
ar_object_label_language_present_flag u(1l
if( ar_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(1l
LabelAssigned[ ar_label_idx[ i | }='ar_label_cancel_flag
if( !ar_label_cancel_flag ) {
while( !byte_aligned( )y
ar_bit_equal_to(zero /* equal to 0 */ f(1)
ar_label[ ar_label-idx[i] ] st(v]
}
}
}
af_num_gbject_updates ue(v)
for(i=0;1 < ar_num_object_updates; i++ ) {
ar, object_idx[i] ue(v)
ar_object_cancel_flag u(l)
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(q)
if(ar_partial_object_flag_present_flag)

ar_partial_object_flag[ ar_object_idx[i] ] u(1l

if( ar_object_confidence_info_present_flag)

ar_object_confidence[ ar_object_idx[i] ] u(v

}

8.18.2 | Annotated regions SEI message semantics

The annotated regions SEI message carries parameters that identify annotated regions using bounding
boxes 1lepresenting the size and location of identified-objects.

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

— The width and height of a cropped decoded picture in units of luma samples, denoted herein by
CroppedWidth and CroppedHeight{ respectively

— A donformance cropping windewr left offset, ConfWinLeftOffset
— A donformance cropping window top offset, ConfWinTopOffset
— A dhroma format indicator, denoted herein by ChromaFormatldc, as described in subclause 7.3.

NOTE Although sotné variables used in this clause are related to picture cropping, the coordinates used |n these
semant]cs are relative/to the entire decoded picture prior to cropping.

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

ar_canfel flag equal to 1 indicates that the SEI message cancels the persistence of any previous anfotated
regiong 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 pictures that the
annotated regions SEI message applies to was selected with a goal of accurately representing object 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 with a goal
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_
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 or a portion of an object that
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_

R — —obiectTdx - —box—te —sbfectitxHHsyntax
elements represent the size and location of an object that is entirely visible within the cropped‘decoded
picturd. It is a requirement of bitstream conformance that the value of ar_occluded_object_flag shall] be the
same for all annotated_regions( ) syntax structures within a CVS.

ar_partial_object_flag_present_flag equal to 1 indicates that ar_partial_object_flag[ ar’object_idx[ i ] ]
syntax|elements are present. ar_partial_object_flag_present_flag equal to 0 indicatesthat ar_partial_jobject_
flag[ at_object_idx[ i ] ] syntax elements are not present. It is a requirement of bitstream conformance
that the value of ar_partial_object_flag_present_flag shall be the same for all ahnotated_regions( )[syntax
structyres within a CVS.

ar_object_label_present_flag equal to 1 indicates that label informdtion corresponding to objgects in
the annotated regions is present. ar_object_label_present_flag equal to 0 indicates that label inforjmation
corresponding to the objects in the annotated regions is not present,

ar_object_confidence_info_present_flag equal to 1 indicates that'ar_object_confidence[ ar_object_idx[i] ]
syntax|elements are present. ar_object_confidence_info_present_flag equal to 0 indicates that ar_object_
confidgnce[ ar_object_idx[ i ] ] syntax elements are not presént. It is a requirement of bitstream conformance
value of ar_object_confidence_present_flag shall‘be the same for all annotated_regions( )|syntax
structyres within a CVS.

ar_object_confidence_length_minus1 plus 1 specifies the length, in bits, of the ar_object_confidence[ ar_
object Jidx[ i ] ] syntax elements. It is a requirement of bitstream conformance that the value of ar_jobject_
confidgnce_length_minus1 shall be the same for all annotated_regions( ) syntax structures within a CVS.

ar_object_label_language_present_flag equal to 1 indicates that the ar_object_label_language [syntax
element is present. ar_object_label language_present_flag equal to O indicates that the ar_object{_label_
languape syntax element is not présent.

ar_bit_equal_to_zero shall be‘equal to zero.

ar_object_label_language contains a language tag as specified by IETF RFC 5646 followed by| a null
terminption byte equal.to' 0x00. The length of the ar_object_label_language syntax element shall be lefss than
or equal to 255 byté€s, riot including the null termination byte. When not present, the language of the [label is
unspedified.

_labelLupdates indicates the total number of labels associated with the annotated regions that are
signallged.”The value of ar_num_label_updates shall be in the range of 0 to 255, inclusive.

ar_label_idx[ 1 [ indicates the index of the signalled Iabel. The value of ar_label_idx[ 1 [ shall be in the range
of 0 to 255, inclusive.

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 is 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[ i ] ] specifies the contents of the ar_label_idx[ i ] -th label. The length of the
ar_label[ ar_label_idx[ i ] ] syntax element shall be less than or equal to 255 bytes, not including the null
termination byte.
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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 eqpal to 0 indicates that an object label is not signalled.

ar_object_label_idx[ ar_object_idx[ i ] ] indicates the index of the label corresponding to°the ar_fobject_
idx[ i Jfth object. When ar_object_label_idx[ ar_object_idx[ i | ] is not present, its valuecis/inferred|from a
previoyis annotated regions SEI message in output order in the same CVS, if any. The.value of ar_jobject_
label_i@ix[ ar_object_idx[ i ] | shall be in the range of 0 to 255, inclusive.

ar_bounding_box_update_flag equal to 1 indicates that object bounding box parameters are signallled. ar_
bounding_box_update_flag equal to 0 indicates that object bounding box paranieters are not signalled.

ar_bounding_box_cancel_flag equal to 1 cancels the persistence scope-of the ar_bounding_box_top[ ar_
object fidx[ i ] ], ar_bounding_box_left[ ar_object_idx[ i ] ], ar_bounding _box_width[ ar_object_idx[ i ] ],
ar_bouhding_box_height[ ar_object_idx[ i ] ]. ar_partial_object_flag[~ar_object_idx[ i ] ], and ar_object_
confid¢nce[ ar_object_idx[ i | ]. ar_bounding_box_cancel_flag equal to 0 indicates that ar_bounding_box_
top[ ar|object_idx[i] ], ar_bounding_box_left[ ar_object_idx[ i] }{ar_bounding_box_width[ ar_object_{dx[i] ]
ar_bouhding_box_height[ ar_object_idx[ i ] ] ar_partial_object_flag[ ar_object_idx[ i ] ], and ar_object_
confidgnce[ ar_object_idx[ i ] ] syntax elements are signalled:

ObjectBoundingBoxAvail[ ar_object_idx[ i ] ] equal to, I¥indicates that the bounding box information of the
ar_objdct_idx[ i ]-th object is signalled. ObjectBoundingBoxAvail[ ar_object_idx[ i ] ] equal to 0 indicates that
the boynding box information of the ar_object_idx|"i ]-th object is not signalled.

ar_bounding_box_top|[ ar_object_idx[ i | [;ar_bounding_box_left[ ar_object_idx[ i ] ], ar_boundinig_box_
width[| ar_object_idx[ i ] ], and ar_bounding_box_height[ ar_object_idx[ i ] ] specify the coordinate} of the
top-left corner and the width and height,/respectively, of the bounding box of the ar_object_idx[ i ]-th object
in the qropped decoded picture, relative to the conformance cropping window.

The +alue of ar_boundingsbex_left] ar_object_idx[ i ] ] shall be in the range of| 0 to
CroppgdWidth / SubWidthC~ I, inclusive.

The value of ar_bounding box top[ ar_object.idx[ i ] ] shall be in the range of| 0 to
CroppgdHeight / SubHeightC - 1, inclusive.

The +falue of ~ar-bounding box_width|[ ar_object_idx[ i ] ] shall be in the range of] 0 to
CroppgdWidth\/ASubWidthC - ar_bounding_box_left[ ar_object_idx[ i] ], inclusive.

The walue. ‘of ar_bounding_box_height] ar_object_idx[ i ] ] shall be in the range off 0 to
CroppddHeight / 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 partlally visible within the cropped decoded plcture ar partlal ob]ect flag[ ar ob]ect ldx[ 1] equal to

: o= 3 i ] ], ar_
bounding_ box w1dth[ ar ob]ect 1dx[ ] ] and ar boundlng box helght[ ar ob]ect 1dx[ ] ] syntax elpments
represént the size and location of an object that may or may not be only partially visible within\thé cropped
decoded picture. When not present, the value of ar_partial_object_flag[ ar_object_idx[ i | ] is\inférred|from a
previolis annotated regions SEI message in output order in the CVS, if any.

ar_object_ confldence[ ar_object_idx[ i ] ] indicates the degree of confidence asseciated with the ar_
object Jidx[ i ]-th object, in units of 2-(ar-object_confidence_length_minusl + 1) gych tHdt a higher valug of ar_
object_Jconfidence[ ar_object_idx[ i ] ] indicates a higher degree of confldence The length of the ar_fobject_
confid¢nce[ ar_object_idx[ i ] ] syntax element is ar_object_confidence_lengthiminusl + 1 bits. When not
presenf, the value of ar_object_confidence[ ar_object_idx[ i ] ] is inferred frém'a previous annotated regions
SEI mefpsage in output order in the CVS, if any.

8.19 Ycalability dimension information SEI message

8.19.1( Scalability dimension information SEI message syntax

scalabjlity_dimension_info( payloadSize ) { Descriptor
sdimax_layers_minus1 u(q)
sdi {multiview_info_flag u(1)
sdi fauxiliary_info_flag u(1

if( sgi_multiview_info_flag | | sdi_auxiliary_info_flag ) {

iff( sdi_multiview_info_flag)

sdi_view_id_len_minus1 u(4)
for(i=0;i<=sdi_max_layers_minusl; i++) {

sdi_layer_id[ i ] u(q)
if( sdi_multiview.info_flag)

sdi_view_idyval[ i ] u(v)
if( sdi_auxiliary_info_flag)

sdiaux_id[i] u(q)

if(’sdi_aux_id[1]>0) {

sdi_num_associated_primary_layers_minus1[i ] u(q)

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_myltiview_info_flag equal to 1 indicates that the current CVS may have multiple views and the sdi_
view_id_val[ ] syntax elements are present in the SDI SEI message. sdi_multiview_info_flag ‘@qupl to 0

indicates that the current CVS does not have multiple views and the sdi_view_id_val[ ] syntaxeleme
not pregsent in the SDI SEI message.

sdi_aukiliary_info_flag equal to 1 indicates that one or more layers in the current EVS 'may be ay
layers, [which carry auxiliary information, and the sdi_aux_id[ ] syntax elements aré’present in the
message. sdi_auxiliary_info_flag equal to 0 indicates that the current CVS doesnot‘have an auxilar
and the sdi_aux_id[ ] syntax elements are not present in the SDI SEI message.

sdi_vidw_id_len_minus1 plus 1 specifies the length, in bits, of the sdi_viewiid val[ i ] syntax element.

sdi_layer_id[ i ] specifies the layer identifier of the i-th layer that may be present in the current CVS.

sdi_vigw_id_val[ i ] specifies the view identifier of the i-th layerin‘the current CVS. The length of t
view_id_val[ i ] syntax element is sdi_view_id_len_minus1 + 1 bits.

The vafiable NumViews, specifying the number of views in<tHe current CVS, and the list Viewld, spe
the viepv identifiers of the views in the current CVS, are dérived as follows:

NuymViews = 1
if(Jsdi_multiview_info_flag ) {
Viewld[ 0 ] = sdi_view_id_val[ 0 ]
for(i=1;i<=sdi_max_layers_minusl; i++ ) {
newViewFlag = 1
for(j=0;j<i;j++)

if( sdi_view_id_val[ i | == sdi_view_id_val[j])

nts are

xiliary
SDI SEI
y layer

he sdi_

cifying

newViewFlag = 0 (50)
if( newViewFlag) {
Viewld[ NumViews | = sdi_view_id_val[ i ]
NumViews++
}
}
sdi_auk_id[d,] equal to 0 indicates that the i-th layer in the current CVS does not contain auxiliary pictures.
sdi_aux_id[N'] greater than 0 indicates the type of auxiliary pictures in the i-th layer in the current|CVS as
specifiedsn Table Nhen sdi_auxiliary_info_flag is equa e value of sdi_aux_id[ i ] is inferrdd 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

NOTE1 The interpretation of auxiliary pictures associated with sdi_aux_id[i] in the range of 128 to 159, inclusive,
is speci fredHthr ngh Trears otirer tham the bdi_du)&_id[ i] vatue:
sdi_aux_id[ i ] shall be in the range of 0 to 2, inclusive, or 128 to 159, inclusive, for bitstreams conferming to
this vefsion of this document. Although the value of sdi_aux_id[ i ] shall be in the range of 0.te-2, influsive,
or 128[to 159, inclusive, in this version of this document, decoders shall also allow other.values of s¢li_aux_
id[ i] i the range of 0 to 255, inclusive.
If sdi_qux_id[ i ] is equal to O, the i-th layer is referred to as a primary layer. Otherwise, the i-th layer is
referred to as an auxiliary layer. When sdi_aux_id[ i ] is equal to 1, the i-th layer is@lso referred to as ap alpha
auxiliafy layer. When sdi_aux_id[ i ] is equal to 2, the i-th layer is also referred.fd,as a depth auxiliary|layer.
sdi_num_associated_primary_layers_minus1][ i] plus 1 specifies the number of associated primary layers
of i-th lpyer, which is an auxiliary layer. The value of sdi_num_associated_primary_layers_minus1[i] shall be
less thgn the total number of primary layers.
sdi_associated_primary_layer_idx[ i ][ j ] specifies the layer index of the j-th associated primary layer of
the i-tH layer, which is an auxiliary layer. The value of sdi_auxxid| sdi_associated_primary_layer_idx[[i][j ] ]
shall b¢ equal to 0.
NOTE 2| An auxiliary layer describes a property of and applies to its associated primary layers.
8.20 Multiview acquisition information SEI'message
8.20.1| Multiview acquisition information-SEI message syntax
multiviiew_acquisition_info( payloadSiz€ ) { Descriptor
intifinsic_param_flag u(1)
extrinsic_param_flag u(1)
num_views_minus1 ue(y)
if(intrinsic_param_flag?) {
intrinsic_params_equal_flag u(1)
pL‘ec_focal_length ue(y)
pkec_principal_point ue(y)
pL‘ec_skew_factor ue(y)
err(i =0;i <= intrinsic params equal flag? 0 - num views minust;j++){
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_rotation_param ue(y)
pﬁ‘ec_translation_param ue(y)
for(i=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(
exponent_r[i][j][ k] u(q)
mantissa_r[i][j][ k] u(v)
}
sign_t[i][j] u(1)
exponent_t[i][j] u(q)
mantissa_t[i][j] u(v)
}
}
}
8.20.2 | Multiview acquisition information SEI message semantics
The muyltiview acquisition information (MAI) SEI message specifies various parameters of the acquisition

enviropment for the layers that'miay be present in the current CVS, i.e., the CVS containing the MAI SEI
message. Specifically, intrinsi¢’and extrinsic camera parameters are specified. These parameters cpuld be

used fdr processing the decgded views prior to rendering on a 3D display.

When 4n MAI 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 SEI messages in a CVS shall have the same content.

When 4 CVS doesnot contain an SDI SEI message, the CVS shall not contain an MAI SEI message.

When an AU;eontains both an SDI SEI message and an MAI SEI message, the SDI SEI message shall precede
the MAI SEhmessage 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 eqpal to 0 indicates the absence of intrinsic camera parameters.

extrinpic_param_flag equal to 1 indicates the presence of extrinsic camera parameters. extrinsic_param_
flag eqpal to 0 indicates the absence of extrinsic camera parameters.

num_viiews_minus1 plus 1 specifies the number of views for which the MAI is included in the MAI SEI
message. The value of num_views_minus1 shall be equal to NumViews - 1.

intringic_params_equal_flag equal to 1 indicates that the intrinsic camera parameters are equal for all
camerds and only one set of intrinsic camera parameters is present. intrinsic{params_equal_flag ejqual to
0 indicates that the intrinsic camera parameters are different for each camera and that a set of intrinsic
camerd parameters is present for each camera.

prec_fpcal_length specifies the exponent of the maximum allowable truncation error for focal_length_x[ i ]
and fodal_length_y[ i ] as given by 2-prec_focal length The value of préc_focal_length shall be in the rarge of 0
to 31, ipclusive.

prec_principal_point specifies the exponent of the maxitniim allowable truncation error for principal_
point_%[ i ] and principal_point_y[ i ] as given by 2-prec_principal_point, The value of prec_principal_point shall
be in thhe range of 0 to 31, inclusive.

prec_skew_factor specifies the exponent of theimaximum allowable truncation error for skew factor as
given Hy 2-prec_skew_factor The value of prec_skew_factor shall be in the range of 0 to 31, inclusive.

sign_fgcal_length_x[ i ] equal to 0 indicates that the sign of the focal length of the i-th camerq in the
horizomtal direction is positive. sign_focal'length_x[ i ] equal to 1 indicates that the sign is negative.

exponent_focal_length_x[ i | specifies the exponent part of the focal length of the i-th camera| in the
horizontal direction. The value df éxponent_focal_length_x[ i ] shall be in the range of 0 to 62, inclusitle. The
value 43 is reserved for future_uise by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicafing an
unspedified focal length.

manti§sa_focal_length x| i ]| specifies the mantissa part of the focal length of the i-th camera| in the
horizontal direction; The length of the mantissa_focal_length_x[ i | syntax element in units of bits is viariable
and determined as;follows:

— If ¢xponent>focal_length_x[i] is equal to 0, the length is Max( 0, prec_focal_length - 30 ).

— Othérwise (exponent_focal_length_x[i]isintherange of0to 63, exclusive), thelengthis Max( 0, exponent_
focattengthx{i=+prec_focaltength=317:

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 0 to 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[ 1 | shall be in the range of 0 to 62, influsive.
The value 63 is reserved for future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an
unspedified principal point.

mantigsa_principal_point_x[ i | specifies the mantissa part of the principal point of the'i-th camera in
the hottizontal direction. The length of the mantissa_principal_point_x[ i ] syntax elementin units of bits is
variable and is determined as follows:

— If ¢xponent_principal_point_x[ i] is equal to 0, the length is Max( 0, prec_pprihcipal_point - 30 ).

— Otherwise (exponent_principal_point_x[ i ] is in the range of 0 t0©)63, exclusive), the length is
M3x( 0, exponent_principal_point_x[i] + prec_principal_point - 31 ).

sign_principal_point_y[ i ] equal to 0 indicates that the sign of the principal point of the i-th camera in the
verticall direction is positive. sign_principal_point_y[ i ] equal to ¥itndicates that the sign is negative.

exponent_principal_point_y|[ i | specifies the exponent partef the principal point of the i-th camera in the
verticall direction. The value of exponent_principal_point_y}.i/ shall be in the range of 0 to 62, inclusive. The
value 43 is reserved for future use by ITU-T | ISO/IEC,.Decoders shall treat the value 63 as indicat/ing an
unspedified principal point.

mantigsa_principal_point_y|[ i | specifies the mantissa part of the principal point of the i-th camera in the
verticeﬂ direction. The length of the mantissa_principal_point_y[ i ] syntax element in units of bits is vfariable
and is dletermined as follows:

— Ifgxponent_principal_point_y[ i ] is'equal to 0, the length is Max( 0, prec_principal_point - 30 ).

— Otherwise (exponent_principalypoint_y[ i ] is in the range of 0 to 63, exclusive), the length is
Mdx( 0, exponent_principal (point_y[ i ] + prec_principal_point - 31).

®

sign_s]:ew_factor[ i ] equalto 0 indicates that the sign of the skew factor of the i-th camera is positiy

sign_skew_factor[ i ] equal to 1 indicates that the sign is negative.

exponent_skew_fdctor| i | specifies the exponent part of the skew factor of the i-th camera. The yalue of
expongnt_skewyfactor[ i ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for futurg use by
ITU-T [|ISO/IEGsDecoders shall treat the value 63 as indicating an unspecified skew factor.

mantigsa_skew_factor|[ i | specifies the mantissa part of the skew factor of the i-th camera. The lepgth of

the mahktissa sleawus factarl il cuntav alamaontin unite afhitcicvuariahla and dotorminad ac fallawic:
HISSa—SKkewWaetor - S ttax-ereie i it 6 eSS YaHaBe aia-aete r iR e aaS+HooWwWs:

— Ifexponent_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] (52)

0 0 1

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 ][ ]
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i][j]l k] equal to 0 indicates that the sign of ( j, k ) component of the rotation matrix for
is positive. sign_r[ i ][ j ][ k] equal to 1 indicates that the sign is negative.

ent_r[ i ][ j ][ k ] specifies the exponent part of ( j, kK ) component of the rotation matrix for
. The value of exponent_r[i][j][ k] shall be in the range of 0 to 62, inclusive. The yalue 63 is reser
1se by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an yniispecified rotation n

sa_r[i][j ][ k] specifies the mantissa part of ( j, k) component ofthe rotation matrix for

xponent_r[i]is equal to 0, the length is Max( 0, prec_rotatiofi_param - 30 ).

nerwise (exponent_r[i]isin the range of 0 to 63, exclusive), the length is Max( 0, exponent_r[i ]
ation_param - 31).

ation matrix R[ i ] for i-th camera is represented‘as follows:
[0]{0] rE[i][0][1] rE[i][0][2]
[11{0] rE[][1][1] rE[i][1][2] (5
[2][0] [2][2

2][0] rE[i][2][1] rE[i][2][2]
i][j] equal to 0 indicates that{the sign of the j-th component of the translation vector for
is positive. sign_t[i][j] equal'to 1 indicates that the sign is negative.

[i][0][O
[i
[

] [1]
] [1]
i]

]

1

ent_t[ i ][ j ] specifies the exponent part of the j-th component of the translation vector for
. The value of exponent:t]i ][ j ] shall be in the range of 0 to 62, inclusive. The value 63 is reser
ise by ITU-T | [SO/IEC. Decoders shall treat the value 63 as indicating an unspecified translation|

sa_t[ i ][ j ] specifies the mantissa part of the j-th component of the translation vector for

xponent_t[i] is equal to 0, the length v is set equal to Max( 0, prec_translation_param - 30 ).

P range

the i-th

Che i-th
ved for
atrix.

the i-th

. The length of the mantissa_r[i][j ][ k] syntax element in units ofbjts is variable and determjfined as
follows:

+ prec_

3)

the i-th

the i-th
ved for
vector.

the i-th

. The length.0f the mantissa_t[i][j ] syntax element in units of bits is variable and is determiined as
followd:

hérwise (0 < exponent_t[i] < 63),thelength vis set equal to Max( 0, exponent_t[i] + prec_trang

lation_

pa

ram = 31 ).
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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 The above specification is similar to that found in IEC 60559:1989.

Table 16 — Association between camera parameter variables and syntaxelements.

X s e n
focalLengthX]i] sign_focal_length_x[i] exponent_focal_length_x[i] mantissa_focal_length[ x[i]
focalLengthY[i|] sign_focal_length_y[i] exponent_focal_length_y[i] mantissa_focal_length| y[i]

principalPointX[i] | sign_principal_point_x[i] |exponent_principal_point_&[i7| mantissa_principal_poingt_x[i]
principalPointY[i] | sign_principal_point_y[i] |exponent_principal_point_y|[i]| mantissa_principal_point_y[1i ]

skewFactor][ i ] sign_skew_factor| i | exponent_skew_faetor|[1i] mantissa_skew_factof[i]
rHi][jl[ k] sign_r[i][j][ k] exponent_ef i Wj ][ k] mantissa_r[i][j][ k]
E[i][j] sign_t[i][j] exponent_t[i][j] mantissa_t[i][j]

8.21 Multiview view position SEI message

8.21.1| Multiview view position SEI message syntax

multivliew_view_position( payloadSize ) { Descriptor
num_views_minus1 ue(y)
for([i = 0; i <= num_views_minusl; i++ )
view_position[i ] ue(y)

}

8.21.2| Multiview view position SEI message semantics

The myltiview view pdsition SEI message specifies the relative view position along a single horizontal axis
of viewjs within a.GVS.

When & multiview 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 CYS 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 w(1)
d_njin_flag u(1
d_max_flag u(1)
depith_representation_type ue(y)

if( d_min_flag | | d_max_flag)

diisparity_ref_view_id ue(Y)

if( z| near_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_max_flag)

depth_rep_info_element( DMaxSign, DMaxExjy DMaxMantissa, DMaxManLen )

if( depth_representation_type ==3) {

depth_nonlinear_representation_num_minus1 ue(y)
for(i=1;1i <= depth_nonlinear_representation_num_minusl + 1; i++)
depth_nonlinear_representation_model] i | ue(y)
}
}
8.22.1{1 Depth representation information element syntax
depth [rep_info_eletment( OutSign, OutExp, OutMantissa, OutManLen ) { Descriptor
da_sign_flag u(1)
da_gxpeiient u(?y)
da_miantissa_len_minus1 u(q)
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 value of i, no
picture in the CVS shall be associated with a DRI SEI message.

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 nuh_layer_id

targetl]

When
presen
picture

The information indicated in the SEI message applies to all the pictures withmuh_layer_id e

targetl
decodi

ayerld among the nuh_layer_id values to which the DRI SEI message applies.

bresent, the DRI SEI message may be included in any access unit. It is recommendgd that
[, the SEI message is included for the purpose of random access in an access unit in which th¢
with nuh_layer_id equal to targetLayerld is an IRAP picture.

ayerld from the access unit containing the SEI message up to but excluding the next pict
g order, associated with a DRI SEI message applicable to targetLayerld er)to the end of the

the nu

z_near| flag equal to 0 specifies that the syntax elements specifying the fiearest depth value are not |
in the pyntax structure. z_near_flag equal to 1 specifies that the syntax elements specifying the 1
depth Yalue are present in the syntax structure.

z_far_flag equal to 0 specifies that the syntax elements specifying the farthest depth value are not |
in the §yntax structure. z_far_flag equal to 1 specifies that theé'\syntax elements specifying the farthes

value

d_min
presen

minimyim disparity value are present in the syntaxstructure.

d_max
presen

maximum disparity value are present in the syntax structure.

depth |
picture
texturd
shall b
values
Althou

versior] of this doctunent, decoders shall also allow values of depth_representation_type in the ran

to 15, i
the bit

representation information SEI message.

The va

_layer_id equal to targetLayerld, whichever is earlier in decoding order.

e present in the syntax structure.

flag equal to 0 specifies that the syntax eleménts specifying the minimum disparity value
[ in the syntax structure. d_min_flag equal:to’ 1 specifies that the syntax elements specify

| flag equal to 0 specifies that the syntax elements specifying the maximum disparity value
[ in the syntax structure. d_max.flag equal to 1 specifies that the syntax elements specify

representation_type specifies the representation definition of decoded luma samples of ay
s as specified in Table 1A In Table 17, disparity specifies the horizontal displacement betwe
views and Z value speeifies the distance from a camera. The value of depth_representatiq
e in the range of 0-te-3, inclusive, in bitstreams conforming to this version of this docume
of 4 to 15, inclusive; for depth_representation_type are reserved for future use by ITU-T | I
bh the value of depth_representation_type is required to be in the range of 0 to 3, inclusive,

hclusive toappear in the syntax. Decoders conforming to this version of this document shall
5 that follow a value of depth_representation_type in the range of 4 to 15, inclusive, in thg

, when
p coded

qual to
ure, in
CLVS of

bresent
hearest

present
t depth

hre not
ing the

are not
ing the

xiliary
en two
n_type
nt. The
b0/1EC.
in this
ge of 4
ignore

depth

FiaBle maxValisset egualto (1 << BitDenth. ) — 1
-1 \¥ r Y J
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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
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).

of Z

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_max_tlag1s equal to 1, the luma sample value equa
maxVal represents DMax (specified below).

to

Each decoded luma sample value of an auxiliary picture represents a Z'value y
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 cdrresponds td
(specified below). When z_near_flag is equal to 1, the luma samplé value equal
maxVal represents ZNear (specified below).

ni-

ZFar
to

Each decoded luma sample value of an auxiliary picturefepresents a non-line
mapped disparity, normalized in range from 0 to maxVal, as specified by dept

linear_representation_num_minus1 and depth_nonlinear_representation_model[ i ].

When d_min_flag is equal to 1, the luma sample®alue equal to 0 represents D]

hrly
h_non-

Vin

(specified below). When d_max_flag is equal to %, the luma sample value equal to
maxVal represents DMax (specified below).
Other values Reserved for future use
disparjity_ref view_id specifies the view identifier for which.the disparity values are derived. The vyalue of
disparity_ref_view_id shall be in the range of 0 to 1023, inclusive.
NOTE 1|  The view identifier of the i-th view in the currentGVS is equal to Viewld][ i ] as specified in the semgntics of
the SDISEI message in subclause 8.19.2.
NOTE 2| disparity_ref view_id is present only if d_min_flag is equal to 1 or d_max_flag is equal to 1 and is ugeful for
depth_representation_type values equal to 1 and 3,
The valriables in the x column of Table-\I8 are derived from the respective variables in the s, e, 1 and v

columr
— Ift
— 0Ot

NOTE 3

s of Table 18 as follows:

nerwise (e is equal to-0),X is set equal to (-1 )s* 2-(30+v) *

The above spegification is similar to that found in IEC 60559:19809.

he value of e is in the range\of 0 to 127, exclusive, x is setequal to (-1 )s*2¢-31* (1 +n +2V).

Table 18— Association between depth parameter variables and syntax elements

X S e n A
ZNear ZNearSign ZNearExp ZNearMantissa 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 deflned by means of 11ne -segment approximation in two-dimensional linear- dlsparlty-to non-
linear-dispa - e tions of
additiopal nodes are transmltted in form of dev1at10ns (depth nonllnear _representation_ model[ i]) from the dtraight-
line curve. These deviations are uniformly distributed along the whole range of 0 to maxVal, inclusive,ith [spacing
depend]ng on the value of depth_nonlinear_representation_num_minus1. The variable DepthLUT] i ] for i4n tHe range
of 0 to rthaxVal, inclusive, is specified as follows:

for( k = 0; k <= depth_nonlinear_representation_num_minus1 + 1; k++ ) {

posl = ( maxVal *k) / (depth_nonlinear_representation_num_minus1 + 2 )

devl = depth_nonlinear_representation_model[ k ]

pos2 = (maxVal * (k+ 1))/ (depth_nonlinear_representation_num_miriusd + 2 )
dev2 = depth_nonlinear_representation_model[ k + 1 ]

1 =posl +devl (55)

2 =pos2 - dev2
y2 = pos2 + dev2

El = posl - devl

for( x = Max( x1, 0 ); x <= Min( x2, maxVal ); x++)
DepthLUT[ x ] = Clip3( 0, maxVal, Round( ((%¥&x1)*(y2-yl1))+(x2-x1)+yl))
}

When glepth_representation_type is equal to 3, DepthLUT[ dS ] for all decoded luma sample values dS of an
auxiliafy picture in the range of 0 to maxVal, idclusive, represents disparity that is uniformly quantiZed into
the range of 0 to maxVal, inclusive.

8.22.2]1 Depth representation information element semantics
The syntax structure specifies thevalue of an element in the DRI SEI message.

The d¢pth_rep_info_element() ‘OutSign, OutExp, OutMantissa, OutManLen ) syntax structure sg¢ts the
values ppof the OutSign, OutExp, OutMantissa and OutManLen variables that represent a floating-poinf value.
When the syntax structure is included in another syntax structure, the variable names OutSign, QutExp,
OutMantissa and OutManLen are to be interpreted as being replaced by the variable names used when the
syntax|structure is-included.

da_sigh_flag'equal to 0 indicates that the sign of the floating-point value is positive. da_sign_flag eqpial to 1
indicates that the sign is negative. The variable OutSign is set equal to da_sign_flag.

da_expoment specifies the exponent of the floating-point vatueThe vatue of da_expomnentstrattbe 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_opaque_value w(v)
alpha_channel_incr_flag u(1)
alpha_channel_clip_flag u(1)
iff( alpha_channel_clip_flag)
alpha_channel_clip_type_flag u(1)
}
}
8.23.2( Alpha channel information SEI message semantics
The alpha channel information (ACI) SEI message provides inforiation about alpha channel sample values

and pojst-processing applied to the decoded alpha planes coded in auxiliary pictures of type AUX_|
and ong or more associated primary pictures.

When 4 CVS does not contain an SDI SEI message with sdi“aux_id[ i ] equal to 1 for at least one value

pictursg

When gn AU contains both an SDI SEI message withsdi_aux_id[ i] equal to 1 for at least one value of i

ACI SEI

When @n access unit contains an auxiliary(picture picA in a layer, with nuh_layer_id equal to nuhLa
that is jndicated as an alpha auxiliary layer by an SDI SEI message, the alpha channel sample values

persist

— The next picture, in output-order, with nuh_layer_id equal to nuhLayerlIdA is output.

— A(

— The bitstream ends:

— A [LLVS of any<associated primary layer of the auxiliary picture layer with nuh_layer_id e
nuhLayerldAjends.

The following semantics apply separately to each nuh_layer_id targetLayerld among the nuh_layer_id

to whig

in the CVS shall be associated with an ACI SEl.message.

message, the SDI SEI message shall precede the ACI SEI message in decoding order.

in output order until one or more of the following conditions are true:

LVS containing the auxiliary picture picA ends.

ALPHA

of i, no

and an

yerldA,
of picA

jual to

values

hithe ACI SEI message applies.

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 indicates 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 bitstream 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

. 1 1 1 I ol - falmhd - b L. | 1 1 1 1 LI | - 1 Lo
Sha]l 12[ITOTE dlplld CIIdIIICT IITTOT I atIOIN O LT ITICS Sd gC5 I WITIUIT d1plid_CIHAIIICI_USC_IUC 1S gTC€4LCT Uldll 4.

alpha_ichannel_bit_depth_minus8 plus 8 specifies the bit depth of the samples of the luma samplé drray of
the auyiliary picture. alpha_channel_bit_depth_minus8 plus 8 shall be equal to the bit depth gf'the asspciated
primarjy picture.

alpha_gransparent_value specifies the interpretation sample value of a decoded auxiliary picturle luma
samplg for which the associated luma and chroma samples of the primary coded)picture are congidered
transpprent for purposes of alpha blending. The number of bits used for the répresentation of thelalpha_
transpgrent_value syntax element is alpha_channel_bit_depth_minus8 + 9.

alpha_ppaque_value specifies the interpretation sample value of a decoded’auxiliary picture luma sample
for whjch the associated luma and chroma samples of the primary coded picture are considered ppaque
for purfposes of alpha blending. The number of bits used for the representation of the alpha_opaqug_value
syntax|element is alpha_channel_bit_depth_minus8 + 9.

A valug¢ of alpha_opaque_value that is equal to alpha_transparent_value indicates that the auxiliary coded
picturd is not intended for alpha blending purposes.

NOTE 1] For alpha blending purposes, alpha_opaque_value can be greater than alpha_transparent_value or it can be
less thap or equal to alpha_transparent_value.

alpha_channel_incr_flag equal to 0 indicates~that the interpretation sample value for each decoded
auxiliafy picture luma sample value is equakte the decoded auxiliary picture sample value for pyrposes
of alphia blending. alpha_channel_incr_flag-equal to 1 indicates that, for purposes of alpha blending, after
decodihg the auxiliary picture samplesyany auxiliary picture luma sample value that is greater than
Min( alpha_opaque_value, alpha_transpatent_value ) should be increased by one to obtain the interprietation
samplg value for the auxiliary picture sample and any auxiliary picture luma sample value that is lefs than
or equal to Min( alpha_opaque_value, alpha_transparent_value ) should be used, without alteration| as the
interprjetation sample value for.the decoded auxiliary picture sample value.

When glpha_transparent. value is equal to alpha_opaque_value or Log2( Abs( alpha_opaque_value —|{alpha_
transpgrent_value ) ) do€s not have an integer value, alpha_channel_incr_flag shall be equal to 0.

alpha_lchannel_clip. flag equal to 0 indicates that no clipping operation is applied to obtdin the
interpijetation.saiple values of the decoded auxiliary picture. alpha_channel_clip_flag equal to 1 indicates
that the interpretation sample values of the decoded auxiliary picture are altered according to the dlipping
proces$ described by the alpha_channel_clip_type_flag syntax element.

alpha_channel_clip_type_flag equal to U indicates that, for purposes ot aipha biending, atter 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
Chrom camp]nc ]'\y cn}‘\cr‘ripfc V’ Chand Cr Each anpnnnnf’ e g 7 V’ isalsaassumed faor pnrpncnc of n\{ample
illustrdtion to have the same bit depth in each of the pictures B and F. However, different componetlts, e.g.,
Y and b, can have different bit depths in this example. The samples of pictures B and F may alterratively
represent green, blue and red component values (see clause 7.3), although the Formulae 56 te 67 pise the
subscripts Y, Cb and Cr for the three components.

Define[the variables alphaRange, alphaFwt and alphaBwt for each luma sample ay of the-auxiliary pifture A
as follgws:

alphaRange = Abs( alpha_opaque_value - alpha_transparent_value ) (56)
alphaFwt = Abs( ay - alpha_transparent_value ) (57)
alphaBwt = Abs( ay - alpha_opaque_value ) (58)

A picture format that is often useful for editing or direct viewing, and that is commonly used, is called pre-
multiplied-black video. Pre-multiplied-black video has the characteristic that the decoded picturg F will
appear|the same regardless of whether it is viewed directly without alpha blending composition or is alpha
blendefl with a black background. The use of alphatchannel_use_idc equal to 0 corresponds with|source
video that is not pre-multiplied-black video, and thé use of alpha_channel_use_idc equal to 1 corresponds
with squrce video that is pre-multiplied-black yideo.

An example of operation of the alpha blendiiig composition process to produce a displayed picture|D with
samplgvalues d from the pictures B and F-is as follows:

— Ifdlpha_channel_use_idc is equalto 0, the samples d of the displayed picture D are calculated as fpllows:

dy|= (alphaFwt * fy + alphaBwt * by + alphaRange / 2 ) / alphaRange (39)
dct = (alphaFwt * fz+ alphaBwt * b, + alphaRange / 2) / alphaRange (40)
dc} = (alphaFwt* f.. + alphaBwt * b, + alphaRange / 2 ) / alphaRange (a1)

— Otherwise (alpha_channel_use_idc is equal to 1), the samples d of the displayed picture D are calgulated

as fallows:

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
Scp, = (alphaFwt * t;, ) / alphaRange

Scy = (alphaFwt * t..) / alphaRange

(65)

(66)

(67)

NOTE 3
clause 7
the bac
dCr = fCr
to as th

For thdg
the col
or with

In the event that the background picture B is represented using green, blue and red componentyal
.3) in a manner such that the colour black is represented by all three component values being equal to
xground picture B is black, the operation expressed by Formulae 62 to 64 becomes simply dy4fy/dy, =
This can help to explain the “pre-multiplied black” term, as the expressions in Formulae 6540 67 are 1
e pre-multiplication for the black background combination.

case with alpha_channel_use_idc equal to 1, somewhat modified processing should be applie
bur representation domain is different from the use of green, blue, and red ¢olour component
the use of a non-zero black level. Unless the colour black is represented-by-all three component

Lies (see
0, when
fcp, and
eferred

1 when
values,
values

by, bcpland b, being equal to 0, Formulae 62 to 64 do not simplify to dy = fy)d.}, = ¢, and d¢, = f, for pre-
multiplied-black video content.
8.24 KExtended DRAP indication SEI message
8.24.1| Extended DRAP indication SEI message syntax
extended_drap_indication( payloadSize ) { Descriptor
edrpp_rap_id_minus1 u(16)
edrpp_leading_pictures_decodable_flag u(1)
edrpp_reserved_zero_12bits u(1R)
edrpp_num_ref _rap_pics_minus1 u(3)
for(]i = 0; i <= edrap_num_ref_rap_pics minusl; i++ )
edrap_ref_rap_id[i] u(16)
}
8.24.2| Extended DRAP indication SEI message semantics
The pidture associated'with an extended DRAP (EDRAP) indication SEI message is referred to as an EDRAP
picturg.
The presence_of\the EDRAP indication SEI message indicates that the constraints on picture order and
picturg refetencing specified in this subclause apply. These constraints can enable a decoder to pfroperly
decode the 'EDRAP picture and the pictures that are in the same layer and follow it in both decoding order
and outputorderwithout needing to-decodeanyother pi es-in-the er e istofplictures

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
IRAP pi

edrap |

picturg.

Each IH
inferre
picture

edrap |

— Anjy picture that is in the same layer and follows the EDRAP pictéire' in decoding order shall fo

ou

— A

EDRAP picture in output order shall not include, in the active entries of its reference picture li;

pid
of

edrap_

edrap
Other ¥
ignore

edrap |
the san
of the H

edrap |
of the
associd
the cur

8.25 I

8.25.1

Consequently, the first picture in referenceablePictures, even when it is an EDRAP picture inste
cture, does not include any picture from the same layer in the active entries of its reference picture list

rap_id_minus1 plus 1 specifies the RAP picture identifier, denoted as RapPicld), of the

AP or EDRAP picture is associated with a RapPicld value. The RapPicld value-fetr an IRAP pi
d to be equal to 0. The RapPicld values for any two EDRAP pictures associated with the sam
shall be different.

leading_pictures_decodable_flag equal to 1 specifies that both of the'following constraints

picture that is in the same layer and follows the EDRAP picture in decoding order and prece

ture that is in the same layer and precedes the EDRAP picture in decoding order, with the ex
he referenceablePictures.

eading_pictures_decodable_flag equal to 0 dees not impose such constraints.

reserved_zero_12bits shall be equal to-0in bitstreams conforming to this version of this dog
ralues for edrap_reserved_zero_12bits are reserved for future use by ITU-T | ISO/IEC. Decode
the value of edrap_reserved_zero_12bits.

num_ref_rap_pics_minus1 plus1 indicates the number of IRAP or EDRAP pictures that are
he CLVS as the EDRAP picturesand may be included in the active entries of the reference pictu
DRAP picture.

ref rap_id[ i ] indicates RapPicld of the i-th RAP picture that may be included in the active
eference picture 1ists of the EDRAP picture. The i-th RAP picture shall be either the IRAP

ted with the curtent EDRAP picture or an EDRAP picture associated with the same IRAP pid
rent EDRAPgicture.

Jisplay-orientation SEI message

Display orientation SEI message syntax

hd of an
S.

EDRAP

rture is
e IRAP

apply:

low, in

[put order, any picture that is in the same layer and precedesthe’EDRAP picture in decoding order.

des the
ts, any
ception

ument.
s shall

within
re lists

entries
picture
ture as

display_orientation( payloadSize ) {

Descriptor

display_orientation_cancel_flag

u(l)

if( !display_orientation_cancel_flag ) {

d

isplay_orientation_persistence_flag u(1)

d

isplay_orientation_transform_type u(3)
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d

isplay_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.

displa)

any pr
indicat|

displa)
the cur

display
the cuy

display
to the

until one or more of the following conditions are true:

— An
— Th

— Aj
fol

displa)
When
mirror

_Ul icllidiiull_bdllbcl_f}dg Ul.iudl LO 1 illdiLdLUb l.hdl. Lhe SEI HICS55dg¢C LdllLUlb LhU J S bibl.
bvious display orientation SEI message in output order. display_orientation_cancel_flagrequ
es that display orientation information follows.

p_orientation_persistence_flag specifies the persistence of the display orientation,SEI mess
rent layer.

| orientation_persistence_flag equal to 0 specifies that the display orientatioh SEI message ap
rent decoded picture only.

| orientation_persistence_flag equal to 1 specifies that the display erientation SEI message
urrent decoded picture and persists for all subsequent pictures of:the current layer in outpu

ew CLVS of the current layer begins.
e bitstream ends.

icture in the current layer in an AU associated with a display orientation SEI message is outy
ows the current picture in output order.

Hisplay_orientation_transform_type specifies both rotation and mirroring, rotation applies
ng. The values of display_transform_type are specified in Table 19.

Table 19 — display_orientation_transform_type values

Value Description

0 no transform

mircoring horizontally

totation 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 (OO A | W | N |-

rotation by 270 degrees (anticlockwise)

ence of
alto 0

age for

plies to

applies
t order

ut that

_orientation_transform_type specifies the rotation and mirroring to be applied to the picture.

before

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 |

[SO/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)
cplour_transform_video_signal_info_present_flag u(1)
iﬂ( colour_transform_video_signal_info_present_flag ) {
colour_transform_full_range_flag u(1)
colour_tranform_primaries u(q)
colour_transform_transfer_function u(q)
colour_transform_matrix_coefficients u(q)
}
cplour_transform_bit_depth_minus8 u(4)
cplour_transform_log2_number_of_points_per_lut_minus1 u(3)
cplour_transform_cross_component_flag u(1)
iff( colour_transform _cross_component_flag )
colour_transform_cross_comp_inferred_flag u(1)
for(i=0;i < colourTransformSize; i++ )
colour_transf lut[ 0 ][i] u(v)
if( colour_transform_cross_component_flag == | |
colour_transform_cross_comp_inferred.flag==0){
colour_transform_lut2_present_flag u(1)
for(i=0;i< colourTransformSize; i+ )
colour_transf lut[1][i] u(v)
if( colour_transform_lut2_present_flag)
for(i=0;1i < colourTransformSize; i++ )
colour_transf lut[2 |[i] u(v)
}else
colour_transform_chroma_offset u(v)
}
}
8.26.2| Colour transform information SEI message semantics
Use of this SET 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 t i yeten i = i natives
provided for different purposes or that a cascading of remapping processes is to be applied in a
sequenftial order (an order that is not specified in this document). The value of colour_transform)id ghall be
in the 1jange of 0 to 232 - 2, inclusive.

Values |of colour_transform_id from 0 to 255 and from 512 to 231 - 1 may be used as“determined| by the
applicaftion. Values of colour_transform_id from 256 to 511, inclusive, and from 231 t0'2%2 - 2, inclusjve, are
reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore the CTI SEI messages containing p value
of colofir_transform_id in the range of 256 to 511, inclusive, or in the range of ,23Lto 232 - 2, inclusilve, and
bitstrepms conforming to this edition of this document shall not contain colour:trfansform_id with such|values.

NOTE The colour_transform_id can be used to support different remapping processes that are suitpble for
differerft display scenarios. For example, different values of colour_transform_id may correspond to different
remapped colour spaces supported by displays.

colour| transform_cancel_flag equal to 1 indicates that the CTHSEI message cancels the persistence of any
previoyis CTI SEI message in output order that applies to the current layer. colour_transform_cangel_flag
equal tp 0 indicates that CTI follows.

colour| transform_persistence_flag specifies the persistence of the CTI SEI message for the current layer.

colour Jtransform_persistence_flag equal to 0 specifies that the CTI SEI message applies to the ¢urrent
decodédd picture only.

colour [transform_persistence_flag equal to:l specifies that the CTI SEI message applies to the ¢urrent
decoded picture and persists for all subsequent pictures of the current layer in output order until|one or
more of the following conditions are true:

— Anew CLVS of the current layerbegins.
— The bitstream ends.

— A picture in the current layer in an AU associated with a CTI SEI message is output that follgws the
cufrent picture ifi output order.

colour| transform’video_signal_info_present_flag equal to 1 specifies that syntax elements [colour_
transfqrm_full\range_flag, colour_transform_primaries, colour_transform_transfer_function and [colour_
transfdrm_ratrix_coefficients are present, colour_transform_video_signal_info_present_flag equal to 0
specifies-that syntax elements colour_transform_full_range_flag, colour_transform_primaries, fcolour_

transfc rmy transfoer function and colour trancfaorm matriv coofficiontc aro nat nrocont
Tt oo rer—rorcc oo oot T O —Hic e A —C o e T ere ot e o preoe

e

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.

colourtransform bit depth— us8 plus 8 es—the depth—¢ e—colour—components, of the
associdted pictures for purposes of interpretation of the CTI SEI message. When any CTI SEI megsage is
present with the value of colour_transform_bit_depth plus 8 not equal to the bit depth of the decaded colour
componhents, the SEl message refers to the hypothetical result of a conversion operation performed to ¢onvert
the dedoded colour component samples to the bit depth equal to colour_transform_input_bit. depth plus 8.

The value of colour_transform_bit_depth plus 8 shall be in the range of 8 to 16, inclusiye. Values of [colour_
transfdrm_bit_depth from in the range of 17 to 23, inclusive, are reserved for futurg use by ITU-T | I$O/IEC.
Decodgrs shall ignore the CTI SEI messages that contain a value of colour_transforym_bit_depth in the range
of 17 t¢ 23, inclusive, and bitstreams conforming to this edition of this docurhént shall not contain [colour_
transfdrm_bit_depth with such values.

bitDepth is set equal to ( colour_transform_bit_depth + 8).

colour| transform_log2_number_of_points_per_lut_minus1 spegifies the log2 of the number gf pivot
points |n the piece-wise linear remapping functions minus 1.

log2numLutPoints is set equal to ( colour_transform_log2_number_of_points_per_lut_minus1 + 1).
numLultPoints is set equal to ( 1 << log2numLutPoints )

colourTransformSize is set equal to ( numLutPoints+*1 ).

log2diqtX is set equal to ( bitDepth - log2ZnumlqtPoints ).

colour| transform_cross_component_flagequal to 1 indicates that the remapping of the second and third
colour [components is performed as €ross-component remapping based on the first colour component.
colour Jtransform_cross_component, flag equal to 0 indicates that intra-component remapping is applied to
the secpnd and third colour companents.

maxInraComp is set equal to ("2'* ( 1 - colour_transform_cross_component_flag) ).

colour| transform_cross.comp_inferred_flag equal to 1 indicates that the remapping piece-wisg linear
functigns of the second-and third colour components are inferred from the remapping piece-wisg linear
functijn of the firstcolour component. colour_transform_cross_comp_inferred_flag equal to 0 indicates that
the rermhapping piece-wise linear functions of the second and third colour components are signalled. When
not present, the'value of colour_transform_cross_comp_inferred_flag is inferred to be equal to 0.

colour| transf lut[ c ][ i] specifies the piecewise linear remapping function of the colour component ¢f index
c. Wheh ¢elour transf lut[1 J[ 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.

For j=0 ..( numLutPoints - 1 ), pivotPointX[ j ] is set equal to ( j <<log2distX).

For c=0..maxIntraComp, the arrays pivotPointY[ c ] and slope[ c ] are derived as follows:

— pivotPointY[ ¢ ][ 0] is set equal to colour_transf_lut[ c][ 0]

Forj=t= =173, i oimtYf T ifjisderivedas fottows:
piyotPointY[ c ][ j ] = pivotPointY[ c ][ j — 1 ] + colour_transf lut[ c][j ] (¢
Forl j=0..( numLutPoints - 1), slope[ c ][ j ] is derived as follows:

sldpe[ c][j] = ((colour_transf_lut[c][j+1]<<11)+ (1 << (log2distX -1)) )55Tog2distX (6

When

If qolour_transform_cross_comp_inferred_flag is equal to 0, ccPivotPointY| c ] is derived as folloy

Ot
fol

ot
fol

For j=0.numLutPoints, ccPivotPointY[ c ][ j ] is set equal€o ( colour_transf lut[ c ][ j ] <<
log2distX ) ).

nerwise (colour_transform_cross_comp_inferred_flag.js equal to 1), ccPivotPointY[ c | is der]
ows:

herwise (colour_transform_cross_comp_inferred_flag is equal to 1), ccPivotPointY] c ] is deriv
[ows:

For j=0..( numLutPoints - 1), tmpPivotPt[ j | is derived as follows:
— Ifcolour_transf_lut[ 0 ][ j* ] is equal to 0, tmpPivotPt[j ] is setequal to (1 << 11).
—  Otherwise, tmpPivotPt{ j ] is derived as follows:

tmpPivotPt[j ] =(colour_transf_lut[ 0 ][ j + 1] + colour_transform_chroma_offset )
<< (11 - log2distX)

The array ccPivotPointY| c ] is derived as follows:
—  Forj=}..( numLutPoints — 1), ccPivotPointY[ c ][ j ] is derived as follows:

ccPivotPointY[ c ][ j ] = (tmpPivotPt[j ] + tmpPivotPt[j-1]+1) /2

8)

9)

colour_transform_cross_component_flag is equal to 1, the arrays ccPivotPointY[ c | and ccSlope] c ]
are derfived as follows, for c=1..2:

yS:

(11 -

ived as

bd as

(70)

(71)

= = ccPivotPointY[ c ][ 0] is set equal to tmpPivotPt[ 0 ].

—  ccPivotPointY[ c ][ numLutPoints ] is set equal to tmpPivotPt[ numLutPoints - 1 ].

For j=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]),
regpectively.

— Fof i=0..picWidth[ c ] - 1, j=0..picHeight[ c ] - 1, the following applies:

coloc=rec[ O ][i* SubWc ][j* SubHc ]
idx = coloc >> log2distX
scale = ccPivotPointY[ c ][ idx ] + ( ( ccSlope[ c ][ idx ] * ( coloc - pivotPointX[lidx ] ) ) >>

log2distX) (73)
map[c][i][j]=Clip3(0, (1<<bitDepth) -1,
((offset<<11) +scale*(rec[c][i][j] - offset)+(1<<10)}>>11)
8.27 Yhutter interval information SEI message
8.27.1| Shutter interval information SEI message syntax
shuttef_interval_info( payloadSize ) { Descriptor
sii_time_scale u(32)
sii_fixed_shutter_interval_within_clvs_flag u(1)
if( fiked_shutter_interval_within_clvs_flag?)
sil_num_units_in_shutter_interval u(32)
elsef
sil_max_sub_layers_minus1 u(3d)
for(i=0;i <= sii_max_sup.\layers_minusl; i++)
5ii_sub_layer_num_units_in_shutter_interval][i ] u(3)
}
}

8.27.2| Shutterinterval information SEI message semantics

The shfitter interval information SEI message indicates the shutter interval for the associated video|source
picturgsprior to encoding, e.g., for camera-captured content, the shutter interval is amount of time fthat an
image Semsur s EXpUSEd tU produce eac SOUTTE 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
quotie +of cii_nllm_l1nifc_in_chllffnr_inh:rva] divided hy cii_fimn_cna]o Eor nvamp]n’ to vnprncnnf 2 Jhutter
intervdl equal to 0.04 seconds, sii_time_scale may be equal to 27 000 000 and sii_num_units_inbshutter_
intervdl may be equal to 1 080 000.

sii_maj_sub_layers_minus1 plus 1 specifies the maximum number of temporal sublayers that may be
present in the CLVS.

NOTE For example, the information conveyed in this SEI message is intended to be_adequate for plirposes
corresponding to the use of ATSC A/341:2022-03 Annex D when sii_max_sub_layers_minus1 is equal to 1 pnd sii_
fixed_shutter_interval_within_clvs_flag is equal to 0.

sii_sub_layer_num_units_in_shutter_interval[ i ], when present, specifiés the number of time uniits of a
clock operating at the frequency sii_time_scale Hz that corresponds to the shutter interval of each picture
with tgmporal sublayer identifier equal to i in the CLVS. The shutter interval for each picture with temporal
sublayé¢r identifier equal to i in the CLVS, denoted by the variable{subLayerShutterInterval[ i ], in ynits of
secondps, is equal to the quotient of sii_sub_layer_num_units_in_shutter_interval[ i ] divided by sii_time_scale.

The vafiable subLayerShutterInterval[ i ], corresponding to'the indicated shutter interval of each picture
with tgmporal sublayer identifier equal to i in the CLVS, isthus derived as follows:

if(|sii_fixed_shutter_interval_within_clvs_flag)

qubLayerShutterInterval[ i ] = sii_num_unitsgn_shutter_interval + sii_time_scale

else (74]
qubLayerShutterInterval[ i ] = sii_sub_layér_num_units_in_shutter_interval[i] + sii_time_
scdle

8.28 Neural-network post-filter.SEI messages
8.28.1| General post-processing filtering process using NNPFs

8.28.1J1 General

Input tp this process’is a bitstream BitstreamToFilter. Output of this process is a list of NNPF output plictures
ListNnpfOutputPics.

First, BitstréamToFilter is decoded, and the list CroppedDecodedPictures is set to be the list of the 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

3 Lo i 1 3 £ A3 3 i Tk 1o
plCture vtitvwitildally partituldl pdll UL CUTISTLUTULIVE TTIIPpUL pIttul To IIIUT T LA IT UTIT T,

8.28.1{2 Filtering process for one picture using an NNPF

The filtering process specified in this subclause applies to each cropped decoded picture;referred t¢ as the
curreng picture, that is in CroppedDecodedPictures and for which one or more NNPFs afé)dctivated.

When gpplying an NNPF to the current picture, the following applies:

— Th filtered and/or interpolated pictures are generated by the NNPF by<applying the NNPF process
sp¢cified in the semantics of the NNPFC SEI message, in a patch-wise manner, to the current pictpire.

— The order of the pictures generated by the NNPF by applying theeNNPF process being stored ipto the
oufput tensor of the NNPF is in output order.

When the applied NNPF is the last NNPF that is applied to the current picture, the pictures generated by the
NNPF gnd output by the NNPF process are included into ListNnpfOutputPics, in the same order as when the
picturgs are stored into the output tensor of the NNPF.

8.28.2| Neural-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_purpose u(1e)
nnpfc_id ue(y)
nnpfc_base_flag u(1)
nnpfc_mode_idc ue(y)

if( nhpfc_mode_idc = =1 {
while( 'byte_aligned( ) )

hnpfc_alignmeént_zero_bit_a u(1)
nnpfc_tagluri st(Y)
nnpfc. tri st(Y)

}
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)
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