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Foreword

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

019(E)

ion) 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 inter
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in
In the field of information technology, 1SO and IEC have established a joint technical committee, ISO/IEC JTC

est. Other
the work.
1.

Directives, Part 1. In particular the different approval criteria needed for the different types of document shodld

($ee www.iso.org/directives).

ttention is drawn to the possibility that some of the elements of this document may be the subjecb of patent r
nd IEC shall not be held responsible for identifying any or all such patent rights. Details of @any’patent rights

fon o N < Ik

ee WWW.is0.org/patents).

>

ny trade name used in this document is information given for the convenienee 'of users and does not co
hdorsement.

D

n

or an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
bnformity assessment, as well as information about 1SO's adherence te'the World Trade Organization (WTO)
n the Technical Barriers to Trade (TBT) see: www.iso.org/iso/foreword.html.

)

his document was prepared by Technical Committee ISO/IEC'JTC 1, Information technology, Subcommitt
oding of audio, picture, multimedia and hypermedia infornidtion.

o -

by

list of all parts in the ISO/IEC 23090 series can be found on the 1SO website.

by

ny feedback or questions on this document should be directed to the user’s national standards body. A compl
f these bodies can be found at www.iso.org/members.html.

o

This document was drafted in accordance with the editorial rules of the ISO/IEC Directives

T.he-procedures-used-to-develop this document-and-those-intended-foritsfurther maintenance-are described-in-the ISO/IEC
L |

be noted.
Part 2

ghts. 1SO
identified

uring the development of the document will be in the Introduction and/or on the ISO list of patent declaration$ received

stitute an

related to
principles

pe SC 29,

ete listing
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Introd

uction

When omnidirectional media content is consumed with a head-mounted display and headphones, only the parts of the
media that correspond to the user's viewing orientation are rendered, as if the user were in the spot where and when the
media was captured. One of the most popular forms of omnidirectional media applications is omnidirectional video, also
known as 360° video. Omnidirectional video is typically captured by multiple cameras that cover up to 360° of the scene.
Compared to traditional media application formats, the end-to-end technology for omnidirectional video (from capture to
playback) is more easily fragmented due to various capturing and video projection technologies. From the capture side,
there exist many different types of cameras capable of capturing 360° video, and on the playback side there are many

different
omnidireg

fevites thatareabteto playback-360°video withdifferemtprocessing capabitities T o avoidfragmemntation
tional media content and devices, a standardized format for omnidirectional media applications is specified

this document.

This docy
and audig

1) aco
(latg]

2) proj
orin

3) stord
sped

4) ency
adaq]
sped

5) med
as m
omn

, as well as associated timed text. What is specified in this document includes (but is not limited-to):

prdinate system that consists of a unit sphere and three coordinate axes, namely the X (backtto-front) axis, the
ral, side-to-side) axis, and the Z (vertical, up) axis,

bction and rectangular region-wise packing methods that may be used for conversion.efaspherical video sequeng
nage into a two-dimensional rectangular video sequence or image, respectively,

ge of omnidirectional media and the associated metadata using the 1SO base“media file format (ISOBMFF) §
ified in ISO/IEC 14496-12,

psulation, signalling, and streaming of omnidirectional media ipya_media streaming system, e.g., dynam
tive streaming over HTTP (DASH) as specified in ISO/IEC 23009-1 or MPEG media transport (MMT) &
ified in ISO/IEC 23008-1, and

a profiles and presentation profiles that provide interoperablé and conformance points for media codecs as we
edia coding and encapsulation configurations that may.be-used for compression, streaming, and playback of th
directional media content.

ment defines a media format that enables omnidirectional media applications, focusing on 360° videe; images

f
n

]

=

D

w

w O

D —-

viii
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Information technology — Coded representation of immersive
media —

Part2:

(\mnidirnnfinnal media format
= T T IT TR ATT UWCWULTUVI WAl WAATWA T\WU1R WAL

1 Scope

This document specifies the omnidirectional media format for coding, storage, delivery, and rehdering of omnidirectional
media, including video, images, audio, and timed text.

n an OMAF player the user's viewing perspective is from the centre of the sphergMooking outward towards the inside
irface of the sphere.

[%2]

OTE 1 In this document, only 3 degrees of freedom (3DOF) is supported. In otheravords, purely translational movement|of the user
pes not result in different omnidirectional media being rendered to the user. For.3DOF support with stereoscopic video, when the user
IIs his/her head, there could be a stereoscopic rendering issue.

[o Ny

=

NOTE 2 Omnidirectional video could contain graphics elements generatedoy computer graphics but encoded as video.

Normative references

[ \\B)

—

he following documents are referred to in the text jn-Such a way that some or all of their content constitutes requirements
f this document. For dated references, only the -€dition cited applies. For undated references, the latest editjon of the
pferenced document (including any amendments) applies.

- O

BO/IEC 10918-1, Information technology, & Digital compression and coding of continuous-tone still images — Part 1:
HRequirements and guidelines

BO/IEC 14496-1, Infomation techiology — Coding of audio-visual objects — Part 1: Systems
BO/IEC 14496-3:2009, Information technology — Coding of audio-visual objects — Part 3: Audio
BO/IEC 14496-10:2014, dnformation technology — Coding of audio-visual objects — Part 10: Advanced vided coding
BO/IEC 14496-12, [uformation technology — Coding of audio-visual objects — Part 12: ISO base media file format
BO/IEC 14496-14, Information technology — Coding of audio-visual objects — Part 14, MP4 file format

BO/IEC 14496=15:2017, Information technology — Coding of audio-visual objects — Part 15, Carriage of netyork
apstractionlayer (NAL) unit structured video in the ISO base media file format

BO/MEC 14496-30:2018, Information technology — Coding of audio-visual objects — Part 30: Timed text and pther
vistial overlays in I1SO base media file format

ISO/IEC 23000-19:2018, Information technology — Multimedia application format (MPEG-A) — Part 19: Common
media application format (CMAF) for segmented media

ISO/IEC 23003-4:2015, Information technology — MPEG audio technologies — Part 4: Dynamic range control

ISO/IEC 23008-1:2017, Information technology — High efficiency coding and media delivery in heterogeneous
environments — Part 1: MPEG media transport (MMT)

ISO/IEC 23008-2:2017, Information technology — High efficiency coding and media delivery in heterogeneous
environments — Part 2: High efficiency video coding

ISO/IEC 23008-3:2015, Information technology — High efficiency coding and media delivery in heterogeneous
environments — Part 3: 3D audio
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ISO/IEC 23008-12, Information technology — High efficiency coding and media delivery in heterogeneous
environments — Part 12: Image file format

ISO/IEC 23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1: Media
presentation description and segment formats

ISO/IEC 23091-21, Information technology — Coding-independent code points — Part 2. Video
ISO/IEC 23091-3, Information technology — Coding-independent code points — Part 3: Audio
W3C Recommendation, TTML profiles for Internet media subtitles and captions 1.0 (IMSC1)

W bVTT e al) L ] £ ] e b A2 MM o ploiiney N eoft N0 AL~ ot 9N 70
€ TTICWEeU VIUTU TCALTITUTRS JUT UL, 7 O VYV UTRITTY DA, U 7 UYUStZOIT)

W3C Regommendation, XML schema part 1: Structures
W3C Regommendation, XML schema part 2: Datatypes
IETF BCP 47, Tags for Identifying Languages

IETF RFC€ 6381, MIME Codecs and Profiles

3 Terms, definitions, abbreviated terms, and conventions

3.1 Terms and definitions

=3

For the purposes of this document, the terms and definitions in ISO/IEC 14496-12, ISO/IEC 23008-12, ISO/IEC 23009-
and the fdllowing apply. If terms defined in ISO/IEC 14496-12, ISO/IEC 23008-12 and ISO/IEC 23009-1 are also define
in this do¢ument, the definitions in this document are applicable.

o

NOTE Ip particular, the terms coded image, coded image item, derived imagde)derived image item, image item, reconstructed imagg
and source{image item are defined in ISO/IEC 23008-12.

The terminological databases for use in standardization maintained by ISO and IEC at the following addresses:

— |EC|Electropedia: available at http://www.electropedia.org/

— 1SO|Online browsing platform: available at http://Www.iso.org/obp

3.1.1
azimuth
first of th¢ two sphere coordinates describing.the location of a point on the sphere

Note 1 to gntry: Azimuth and elevation arg spetified in subclause 5.1.

3.1.2
azimuth gircle
circle on the sphere conneeting’all points with the same azimuth value

Note 1 to gntry: An azimuth'circle is always a great circle (3.1.17).

3.1.3
circular image
image captured‘with a fisheye lens (3.1.14)

3.14
closed scheme type
scheme type (3.1.35) that clearly specifies which transformations are allowed and does not allow future extensions

L Under preparation. Stage at time of FDIS ballot: ISO/IEC DIS 23091-2, 40.99.
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3.15

composition-aligned sample

sample in a track that is associated with another track, the sample has the same composition time as a particular sample in
the another track, or, when a sample with the same composition time is not available in the another track, the closest
preceding composition time relative to that of a particular sample in the another track

3.16

constituent picture

such part of a spatially frame-packed stereoscopic picture that corresponds to one view, or a picture itself when frame
packing is not in use or the temporal interleaving frame packing arrangement is in use

317
cpntent coverage
one or more sphere regions that are covered by the content represented by the track or by an image item

318
elevation
second of the two sphere coordinates describing the location of a point on the sphere

Note 1 to entry: Azimuth and elevation are specified in subclause 5.1.

31.9
elevation circle
cjrcle on the sphere connecting all points with the same elevation value

b

ote 1 to entry: When the elevation is zero, an elevation circle is also a great ¢iréle (3.1.17). This coincides with the equatof on Earth.

11.10

Ktractor track
ack that has untransformed sample entry type (3.1.44) equal4o " hvc2', 'avc2', 0r "avcd' and contains orje or more
'[scal" track references

—~ D W

wW

11.11
eld of view
ktent of the observable world in captured/recorded content or in a physical display device

D =h

31.12
f{le decoder
cpllective term for file/segment deeapsulation and decoding of video, audio or image bitstreams

11.13
le decoding process
rocess specified as a partof a media profile specification that takes as input a set of ISOBMFF tracks or items and derives
ther of the following:
decoded pictures,or audio samples, and rendering metadata for them;
a fully rendered"audio scene in the reference system

11.14

O —h W

sheye\lens
ide-angle camera lens that usually captures an approximately hemispherical field of view (3.1.11) and projects it as a

retlar imaae (31 3)
R AL S35

o < —h w

3.1.15
fisheye video
video captured by fisheye lenses (3.1.14)

3.1.16

global coordinate axes

coordinate axes that are associated with audio, video, and images representing the same acquisition position and intended
to be rendered together

Note 1 to entry: Coordinate axes are specified in subclause 5.1.
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Note 2 to entry: The origin of the global coordinate axes is usually the same as the centre point of a device or rig used for omnidirectional
audio/video acquisition as well as the position of the observer's head in the three-dimensional space in which the audio and video tracks
are located.

Note 3 to entry: In the absence of the initial viewing orientation metadata (see subclause 7.7.4 for tracks or subclause 7.9.9 for image
items), the initial viewing orientation should be inferred to be equal to (0, 0, 0) for (centre_azimuth, centre elevation,
centre tilt) relative to the global coordinate axes.

3.1.17
great circle
intersection of the sphere and a plane that passes through the centre point of the sphere

Note 1 to gntry: A great circle is also known as an orthodrome or Riemannian circle.

Note 2 to gntry: The centre of the sphere and the centre of a great circle are co-located.

3.1.18
guard bahd

area in a gacked picture (3.1.23) that is not rendered but may be used to improve the rendered part of thepacked picture {
avoid or rpitigate visual artifacts such as seams

o

Note to enfry: Guard bands are associated with packed regions (3.1.24) as described in subclause 7.5.3,

3.1.19
local coordinate axes
coordinatg axes obtained after applying rotation to the global coordinate axes (3.1.16)

3.1.20
OMAF player

collective|term for

— file/sepment reception or file access;

— file/segment decapsulation;

— decodjng of audio, video, image, or timed text bitstreams;
— rendefling of audio, images, or timed text; and

— viewpprt selection

3.1.21
omnidireftional media
media su¢h as image or video and its associated.audio that enable rendering according to the user's viewing orientatio
(3.1.45), |f consumed with a head-mounted\device, or according to user's desired viewport (3.1.46), otherwise, as if th
user was In the spot where and when the‘media was captured

D S

3.1.22
open-ended scheme type
scheme type (3.1.35) that allows.fature extensions

3.1.23
packed pjcture
picture that is represented as a coded picture in the coded video bitstream

Note 1 to gntry:{Apacked picture may result from region-wise packing (3.1.31) of a projected picture (3.1.25).

3.1.24
packed region

region in a packed picture (3.1.24) that is mapped to a projected region (3.1.26) as specified by the region-wise packing
(3.1.31) signalling

3.1.25
projected picture
picture that has a representation format specified by an omnidirectional video projection format

Note 1 to entry: Omnidirectional projection formats are specified in subclause 5.2.
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3.1.26

projected region

region in a projected picture (3.1.25) that is mapped to a packed region (3.1.24) as specified by the region-wise packing
signalling

3.1.27

projection

inverse of the process by which the samples of a projected picture (3.1.25) are mapped to a set of positions identified by a
set of azimuth and elevation coordinates on a unit sphere

N 4. 90
. L.20

uality ranking region
region that is associated with a quality ranking value and is specified relative to a decoded picture or a sphére

11.29
uality ranking 2D region
ality ranking region (3.1.28) that is specified relative to a decoded picture

11.30
uality ranking sphere region
ality ranking region (3.1.28) that is specified relative to a sphere

11.31

region-wise packing
inverse of the process of transformation, resizing, and relocating of packéd regions (3.1.24) of a packed picture (3.1.23) to
remap to projected regions (3.1.26) of a projected picture (3.1.25)

31.32

rendering

process of generating audio-visual content for playback from'the decoded audio-visual data according to the userf's viewing
oyientation (3.1.45), if consumed with a head-mounted dewice, or according to user's desired viewport (3.1.46), ptherwise

31.33
sample
aJl the data associated with a single time or single element in one of the three sample arrays that represent a picture

=z

ote 1 to entry: When the term sample is used\inthe context of a track, it refers to all the data associated with a single time of that track,
here a time is either a decoding time or a cemposition time. When the term sample is used in the context of a picture, e.g., irf the phrase
uma sample”, it refers to a single element-in one of the three sample arrays that represent the picture.

s

11.34

bmple entry type
pur-character code thaf\.is either the value of the format field of a SampleEntry directly contained in
ampleDescriptidiBox or the data format value of an instance of Original FormatBox

—h N W

0

11.35
Cheme type
pe that parameterizes an encrypted, restricted, or incomplete media track

20w

W

.1.36
bhere coordinates
azimuth (¢) and elevation (8) that identify a location of a point on the unit sphere

(%2}

3.1.37

sphere region

region on a sphere, specified either by four great circles (3.1.17) or by two azimuth circles (3.1.2) and two elevation circles
(3.1.9), or such a region on the rotated sphere after applying certain amount of yaw, pitch, and roll rotations

3.1.38

sub-picture

picture that represents a spatial subset of the original video content, which has been split into spatial subsets before video
encoding at the content production side
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3.1.39

sub-picture bitstream

bitstream
encoding

3.1.40

that represents a spatial subset of the original video content, which has been split into spatial subsets before video
at the content production side

sub-picture track

track that

3.1.41

represents a sub-picture bitstream (3.1.39)

tilt angle
angle ind
along the

value incrieases clockwise when looking from the origin towards the positive end of the axis

3.1.42

time-par
sample in
other trac
time relat

3.1.43
track san
sample eH

3.1.44

untransformed sample entry type

track sam

3.1.45
viewing d
triplet of
in case of]

3.1.46
viewport
region of

3.2 A

2D
CICP
CMAF

DASH

cating the amount of tilt of a sphere region (3.1.37), measured as the amount of rotation of the sphere regio
axis originating from the sphere origin passing through the centre point of the sphere region, where tfié\ang

D 35

bllel sample
a track that is associated with another track, and either has the same decoding time as a particular sample in th
, or, when a sample with the same decoding time in the other track is not available, the closest preceding decodin
ve to that of a particular sample in the other track

«Q @

ple entry type
try type (3.1.34) of a SampleEntry directly contained in SampleDesaniptionBox

ple entry type (3.1.43) that would apply if no transformations had-been performed to a transformed media track

rientation
hzimuth, elevation, and tilt angle characterizing the ofientation that a user is consuming the audio-visual content;
image or video, characterizing the orientation of the viewport (3.1.46)

pmnidirectional image or video suitable for display and viewing by the user

A\bbreviated terms

two-dimensional
coding-independent code points (specified in ISO/IEC 23091-1, 23091-2, and 23091-3)
common media application format (specified in ISO/IEC 23000-19)

MPEG dynamic adaptive streaming over HTTP (specified in ISO/IEC 23009-1)

ERP

pqnirm‘tangnlar prnjprfinn

FOV

field of view

ISOBMFF ISO base media file format (specified in ISO/IEC 14496-12)

HEVC

HMD

HOA

high efficiency video coding (specified in ISO/IEC 23008-2)
head-mounted display

higher-order ambisonics
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MCTS motion-constrained tile set
MMT MPEG media transport (specified in ISO/IEC 23008-1)
OMAF omnidirectional media format (specified in ISO/IEC 23090-2)
SRD spatial relationship description
URN uniform resource name
VR virtual reality
3.3  Arithmetic operators and mathematical functions
+ addition
. subtraction (as a two-argument operator) or negation (as a unary prefix opefator)
* multiplication, including matrix multiplication
X exponentiation, specifies x to the power of y
(In other contexts, such notation is used for superscripting not intended for interpretation as exponetiation.)
/ integer division with truncation of the result toward zerg
EXAMPLE 7/4 and —7 / —4 are truncated to 1 and'<7"/ 4 and 7 / —4 are truncated to —1.
g denotes division in mathematical equations wherg;no truncation or rounding is intended
T denotes 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

X%y modulus
(Remainder of x'divided by y, defined only for integers x and y with x >= Oandy > 0.)
Asin(x)  trigonometric inverse sine function, operating on an argument x that is in the range of —1.0 to 1.0, Jinclusive,
with an.output value in the range of —n+2 to n+2, inclusive, in units of radians
Atan(x) trigonometric invers tangent function, operating on an argument x that is any real number, with an output value
in the range of —n=2 to n+2, inclusive, in units of radians
Atan(l) ifx >0
X
Atan[l}ﬂr ; ifx<0&&Yy>=0
X
Atan2(y, x) = Atan[l)—n © ifx<0&&Yy<0
X
T .
+§ ; ifx==0&&y>=0
-z ;  otherwise
2
Cos(x)  trigonometric cosine function operating on an argument x in units of radians
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Floor(x) largest integer less than or equal to x
Round( x) = Sign( x) * Floor( Abs(x) +0.5)

1 ,; x>0
Sign(x)=40 ; x==0
l .

Sin( x) trigonometric sine function operating on an argument x in units of radians

Tan(x) [ trQOMOMEtTiC tangemnt functio Operating O arm arguiment X 1T urits of Tadians

3.4  Order of operation precedence

The folloying notation is used to specify a range of values:

When order of precedence in an expression is not indicated explicitly by use of parentheses, the following rules apply:
—  Opetations 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 positierdin the table indicates a highg

precedenge.

NOTE Hor those operators that are also used in the C programming language, the ordet of precedence used in this document is the

same as uspd in the C programming language.

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

-

operations (with operands X, y, and z)

"X++", "y— —"

non_

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

xY

X EY XYL XY

1y1

X% y"

y
"X +y" =X — y" (as a two-argument operator), " )" (i) "

=X

B << Yt X S>> Y

XY X <= YT X YT X >

X==y""x 1=y

" & Y

uX | yu

"X && y"

x|y

"X?y:z"

"X..y"

"X =y X =y X

Y
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3.5 Range notation
The following notation is used to specify a range of values:

X =Y.z X takes on integer values starting from y to z, inclusive, with x, y, and z being integer numbers an
greater than y

3.6 Variables

This document derives variables that are named by a mixture of lower case and upper case letter and without any

019(E)

d z being

nderscore

(@)

haracters. Variables starting with an upper case letter are derived for the current syntax structure and all depend
sfructures. Variables starting with an upper case letter may be used in the specification for dependent syntax
without mentioning the originating syntax structure of the variable. Variables starting with a lower case Ietter are
within the clause in which they are derived.

(%)

g Processes

rocesses are used to describe the decoding of syntax elements. A process has a separate specification and inv
yntax elements and upper case variables that pertain to the current syntax structuresand depending syntax stru
vailable in the process specification and invoking. A process specification may also ‘have a lower case variable

D W D W T

 upper case variable or a lower case variable.

<

Vhen invoking a process, the assignment of variables is specified as follaws:

- If the variables at the invoking and the process specification.do.not have the same name, the variables are
assigned to lower case input or output variables of the pracess specification.

- Otherwise (the variables at the invoking and the progess-specification have the same name), assignment is

4 Overview

4.1  Organization of this document

Tlhis document is organized as follows:

- Subclauses 4.2 and 4.3 provide the overall architecture for projected omnidirectional video an
omnidirectional video, fespectively.

- Subclause 4.4 describes which types of referenceable features specified in this document implementg
external specifications may be used to achieve interoperability. It also defines OMAF media and presentatio

- Clause 5 specifies a coordinate system used in this document and the equations for the equirectangular and
omnidiréctional projection formats, the conversion from the local coordinate axes to the global coordinate
the rectangular region-wise packing.

- Clause 6 specifies syntax structures that are common for fisheye video and fisheye images.

ng syntax
structures
only used

bking. All
ctures are
explicitly

pecified as input. Each process specification has explicitly specified an output~The output is a variable that can either be

explicitly

mplied.

] fisheye

tions and
n profiles.

cubemap
axes, and

| Clause 7 cpnrifinc extensions to the 1SO hase media file format for omnidirectional media as well as

for timed

metadata for sphere regions. It also specifies generic extensions to ISO/IEC 14496-12 and ISO/IEC 14496-
may be used also for other purposes than for omnidirectional media.

- Clause 8 specifies extensions to DASH for omnidirectional media.
- Clause 9 specifies extensions to MMT for omnidirectional media.

- Clause 10 specifies OMAF media profiles.

15, which

- Clause 11 specifies OMAF presentation profiles based on some of the OMAF media profiles specified in Clause 10.

- Annex A contains the OMAF DASH XML schema.

- Annex B specifies the DASH integration of all the OMAF media profiles for timed media specified in Clause 10.
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- Annex C specifies the CMAF integration of some of the OMAF media profiles specified in Clause 10.
- Annex D describes some informative schemes for viewport-dependent omnidirectional video processing.
- Annex E contains some informative DASH MPD examples.

- Annex F contains some informative MMT signalling examples.

4.2  Overall architecture for omnidirectional media with projected video

421  OQverview

Figure 1 ghows a typical content flow process for an omnidirectional media application with projected video.

. A

AP’Tc:quisition Ba Audio encoding }?

Image stitching, - - Ey
g | | rotation, projection, Video encoding }7“ File/segment Fs
‘ and region-wise D . encapsulation 1=
packing Image encoding }L ‘
(Metadsta ] |
I h 4
@ .
- 1 Delivery
OMAF player < Iy
8 .
N'a B’ ~
LﬁUds peakers/ | T | Audio rendering 1 Audio decoding ,
eadphones _| . . E'a
e e S O W= =
i . X E
3 : Video decodifg |—— Fllefsegmgnt <
INE v /| decapsulation Fe
Digplay F———‘ Image rendering D' Ei/ A
: ry :
Image decoding
‘ _____________________________________________ Head/eye |
Orientation/viewport metadata tracking | Orientation/
viewport metadata

Figure 1 — Content-flow process for omnidirectional media with projected video

The folloying interfaces are iermatively specified in this document:

- E' E'\, E'i: audio bitstream, video bitstream, coded image(s), respectively; see Clause 10.

w

— F/F'] media file,Jincluding projection and region-wise packing metadata; see Clause 7. Moreover, media profilg
specified in,€lause 10 include the specification of the track formats for F/F', which may contain constraints on th
elenentary'streams contained within the samples of the tracks.

[¢)

—  Clause8spetifies thedetivery Tetated-imterfaces for DASHdetivery:
—  Clause 9 specifies the delivery related interfaces for MMT delivery.

The other interfaces in Figure 1 are not specified normatively in this document.

NOTE  While the syntax and semantics of the bitstreams Ea, Ev, and Ei are the same as those for E'a, E'v, E'i, respectively, the input
interface to the file/segment encapsulation module is not normatively specified.

A real-world audio-visual scene (A) is captured by audio sensors as well as a set of cameras or a camera device with
multiple lenses and sensors. The acquisition results in a set of digital image/video (B;) and audio (B,) signals. The
cameras/lenses typically cover all directions around the centre point of the camera set or camera device, thus the name of
360-degree video.
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Audio may be captured using many different microphone configurations and stored as several different content formats,
including channel-based signals, static or dynamic (i.e. moving through the 3D scene) object signals, and scene-based
signals (e.g., higher order ambisonics). The channel-based signals typically conform to one of the loudspeaker layouts
defined in ISO/IEC 23091-3. In an omnidirectional media application, the loudspeaker layout signals of the rendered
immersive audio program are binaraulized for presentation via headphones.

The images (B;) of the same time instance are stitched, possibly rotated, projected, and mapped onto a packed picture (D).
A description of this process is provided in subclause 4.2.2.

For audio, the stitching process is not needed, since the captured signals are inherently immersive and omnidirectional.

Tlhe packed pictures (D) are encoded as coded images (E;) or a coded video bitstream (E\). The captured auriio (Ba) is
epcoded as an audio bitstream (E.). The coded images, video, and/or audio are then composed into a mediafile for file
playback (F) or a sequence of an initialization segment and media segments for streaming (Fs), according-to a|particular
n’I:edia container file format. In this document, the media container file format is the 1SO base mediacfile forma{ specified
in ISO/IEC 14496-12. The file encapsulator also includes metadata into the file or the segments{such as projéction and
region-wise packing information assisting in rendering the decoded packed pictures.

Tlhe metadata in the file includes information for the following:

1+ the projection format of the projected picture,

+ the area of the spherical surface covered by the packed picture,

+ the rotation for converting between the global coordinate axes and the local coordinate axes,
+  region-wise packing, and

+ region-wise quality ranking.

—

he segments Fs are delivered using a delivery mechanism to a player.

—

he file that the file encapsulator outputs (F) is identical t0-the file that the file decapsulator inputs (F"). A file de¢apsulator
rocesses the file (F") or the received segments (F's) and extracts the coded bitstreams (E',, E'v, and/or E';) and parses the
etadata. The audio, video, and/or images are thendécoded into decoded signals (B'. for audio, and D' for images/video).
he decoded packed pictures (D) are projected-onto the screen of a head-mounted display or any other display device
sed on the current viewing orientation or viewport and the projection, spherical coverage, rotation, and region-wise
cking metadata parsed from the file. Likéwise, decoded audio (B's) is rendered, e.g. through headphones, acg¢ording to
the current viewing orientation. The current viewing orientation is determined by the head tracking and possibly also eye
acking functionality. Besides being used by the renderer to render the appropriate part of decoded video and audjo signals,
fhe current viewing orientation mayaalso be used by the video and audio decoders for decoding optimization.

]

(==

—

he process described abovelisjapplicable to both live and on-demand use cases.

2.2 Stitching, rotation, projection, and region-wise packing

4
Hor monoscopic.360-degree video, the source images of one time instance are stitched, possibly rotated, and prpjected to
generate a projected picture representing one view. The breakdown of the image stitching, rotation, projection, apd region-
wise packing processes for monoscopic content is illustrated with Figure 2 and described as follows. Source images (Bi)
are stitchedsy possibly rotated, and projected onto a unit sphere.

Tlhe-image data on the unit sphere is further arranged onto a two-dimensional projected picture (C). The projected picture
chvers the entire sphere. Qptionally, region-wise packing is then applied to map the projected picture onto a packed picture.
If the region-wise packing is not applied, the packed picture is identical to the projected picture, and this picture is given
as input to image/video encoding. Otherwise, projected regions are mapped onto a packed picture (D) by indicating the
location, shape, and size of each packed region in the packed picture, and the packed picture (D) is given as input to
image/video encoding. The packed picture may cover only a part of the entire sphere. In practice, the source images may
be converted to a packed picture in one process without intermediate steps.
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Image stitching, rotation, projection, and region-wise packing

. » C . i D
) B X Stllch[ng, Projected Reglon. wise Packed Imagenvideo
Source images » rotation (optional), picture packing * picture(s) encoding
and projection (optional)

Figure 2 — Monoscopic image stitching, rotation, projection, and region-wise packing of source images

In the cag

projected

same pad
Alternatiy

stitching,
either the

right view
comply W
encode bq

The break
where bot
images (B

unit sphe

the entire|sphere. Frame packing is applied to pack the left view picture and4fight view picture onto the same projects

picture.

picture (Ip) is given as input to image/video encoding. If the region-wise packing is not applied, the packed picture

identical
only a pa

Co
—— Projected - -
. B; Stitching, left picture \. Frame C Region-wise Packed Imagelvideo
Source images » rotation (optional), wacking —+ Projected —| packing + picture(s) encoding
and projection Cr / picture (optional)
Projected
right picture
Figure 3 — Stereoscopic image-stitching, rotation, projection, and region-wise packing of source images

The imagg stitching, rotationgprejection, and region-wise packing processes may be carried out multiple times for the sam

source im
of local ¢
performe(
encoded.

4.3

of a single acquisition time instance

e of stereoscopic 360-degree video, the source images of one time instance are stitched, possibly rotated,a
to generate a projected picture representing two views, one for each eye. Both views may be mapped onte the
ked picture, as described below in relation to Figure 3, and encoded by a traditional 2D videorencodey.
ely, each view of the projected picture may be mapped to its own packed picture, in which case) the image
projection, and region-wise packing is like described above with Figure 2. A sequence of packed pictures gf
left view or the right view may be independently coded. Alternatively, packed pictures of the-left view and the
may be temporally interleaved in an alternating manner and encoded as a single bitstream,,which is indicated o
ith the temporal interleaving frame packing arrangement. In another alternative, multiview coding is used fo
th views into the same bitstream with inter-view prediction.

down of the image stitching, rotation, projection, and region-wise packing pracesses for stereoscopic contemt
h views are mapped onto the same packed picture is illustrated with Figure 3and described as follows. Sourd
i) are stitched, possibly rotated, and projected onto two unit spheres, one for each eye. The image data on eag
e is further arranged onto a two-dimensional projected picture (C. forAeft-eye, Cr for right eye), which cove

ptionally, region-wise packing is then applied to pack the projected\picture onto a packed picture, and the packe

= n QO »v I D

the projected picture, and this picture is given as input to image/video encoding. The packed picture may covg
t of the entire sphere.

Image stitching, rotation, projection, and regioh-wise packing

of a single acquisition time instance

ages to create different versions of the same content, e.g., for different sphere rotations (i.e., different rotatior
pordinate axes\with respect to the global coordinate axes). Similarly, the region-wise packing process may b
multiple times from the same projected picture to create more than one sequence of packed pictures to b

D Dd® » @D

Dverall architecture for omnidirectional media with fisheye video

Figure 4 shows a typical content flow process for an omnidirectional media application with fisheye video.

12
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Figure 4 — Content flow process for omnidirectional media with fisheye video

fisheye lens is a lens that achieves extremely wide angles of view and produces a circular image. Circular imagep captured
y multiple fisheye lenses of a 360 camera typically cover all‘directions around the centre point of the camera setjor camera
evice.

he circular images (Bi) captured by fisheye lenses at'the same time instance are not stitched, but directly mapped onto a
icture (D) in the fisheye video format, which is_specified in clause 6. Region-wise packing is not allowed for the fisheye
deo format.

<o - QO I

he fisheye images including non-stitched:circular images (D) are encoded as coded images (E;) or a coded videq bitstream
E,). The coded images, video, and/or audio are then composed into a media file for file playback (F) or a sequgnce of an
mitialization segment and media segments for streaming (Fs), according to a particular media container file format. The
le encapsulator also includes fisheye-specific metadata, which assist in rendering the decoded pictures, into thelfile or the
bgments.

N —h =~

—

he fisheye-specific metadata in the file includes:

—| lens distortion cartection (LDC) parameters with local variation of FOV,
—| lens shading‘€ompensation (LSC) parameters with RGB gains,

—| displayed-field of view information, and

—| camera extrinsic parameters (physical location).

am OMAF ptayer, the citcutar images i the decoded fisheye video are stitchedusing the signattedfistieye-specific
parameters to an omnidirectional image and rendered according to the user’s viewport.

4.4  Conformance and interoperability

441  General

This document specifies several referenceable features that implementations and external specifications may use to achieve
interoperability. These referenceable features include the following:

— Specification of a coordinate system for omnidirectional media (subclause 5.1), and equations for a conversion
process between sets of coordinate axes of this coordinate system (subclause 5.3).
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— Omnidirectional projection formats (subclause 5.2).

- Med

ia profiles, as defined in subclause 4.4.2. Individual media profiles are specified in Clause 10.

— Presentation profiles, as defined in subclause 4.4.3. Individual presentation profiles are specified in Clause 11.

— Mapping of media and presentation profiles to DASH and CMAF are specified in Annex B and Annex C, respectively.

— Region-wise packing formats (subclause 5.4).

—  Scheme types for post-decoder processing of omnidirectional video (subclause 7.6.1).

- Sped

However,
specified

This docy
OMAF fe

442 |

4421

A media profile for timed media is defined as requirements and constraints for a set of one or more ISOBMFF tracks of

single md
combinat

—  Speq
to th

-  Con
the 4

A media profile for static media is defined as requirements-and constraints for a set of one or more ISOBMFF items of a

single me
combinat

- Speq
imp

— Con

the items.

The elem
and level
of the pre

NOTE 1
specificati
and use of

ific types of sphere region timed metadata tracks (subclause 7.7).

the technologies and features specified in this document may be used independently. For example,-boxs
n this document may be used independently of other OMAF features.

w

ment specifies code points that implementations and external specifications may use for referring to respectiy
atures. The code points are summarized in subclause 4.4.4.

D

Viedia profiles

General

[<%)

dia type. The conformance of a set of one or more ISOBMFF tracks t0 a media profile is specified as
on of:

[<})

ification of which sample entry type(s) are allowed, and which censtraints and extensions are required in additign
ose imposed by the sample entry type(s).

=}

traints on the samples of the tracks, typically expressed as.constraints on the elementary stream contained with
amples of the tracks.

fia type. The conformance of a set of one or mare ISOBMFF items to a media profile is specified as a
on of:

ification of which item type(s) are allowed, and which constraints and extensions are required in addition to thoge
sed by the item type(s).

Straints on the content of the.items, typically expressed as constraints on the elementary stream contained within
bntary stream constraintS of a media profile may be indicated by a requirement to comply with a certain profile

pf the media coding-specification, possibly including additional constraints and extensions, such as a requirement
sence of certaip-information for rendering and presentation.

[he use of the-elementary stream constraints specified for a media profile could be referenced by implementations and externg
ns independently of the ISOBMFF requirements and constraints specified for the media profile. However, the encapsulatid
A mediasprofile for other encapsulation formats is outside of the scope of this document.

=]

4.4.2.2

Eilo rlcmnrling process and file decoder rnqlliramanf: for video and imagn media prnfilnt

Each video or image media profile specified in clause 10 includes a file decoding process such that all file decoders that
conform to the video or image media profile will produce numerically identical cropped decoded pictures when invoking
the file decoding process associated with that video or image media profile for a set of ISOBMFF tracks conforming to the
video media profile or a set of ISOBMFF image items conforming to the image media profile, respectively. A bitstream
that conforms to the elementary stream constraints specified for the video or image media profile is reconstructed as an
intermediate product of the file decoding process. The output of the file decoding process consists of all of the following:

— alist of decoded pictures;

— for projected omnidirectional video or image, all of the following rendering metadata:

— the projection format of the associated projected pictures,

14
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— the frame packing format of the associated projected pictures (when applicable),
— the region-wise packing information (when applicable),
— the rotation information (when applicable);
— for fisheye omnidirectional video or image, fisheye-specific rendering metadata.
Video media profiles may specify constraints on when rendering metadata is allowed to change.

A file decoder conforms to the file decoding process requirements of this document when it complies with both of the
fottowimg:

- The file decoder includes a conforming decoder that produces numerically identical cropped decoded(picturgs to those
produced by the file decoding process specified for the video or image media profile in Clause 10 (with the correct
output order or output timing, as specified in the video or image coding specification of the video or image media
profile, respectively).

- The file decoder outputs rendering metadata that is equivalent to that produced by the file’decoding procesq specified
for the video or image media profile in Clause 10 (with the correct association of the-rendering metadata to|particular
cropped decoded pictures, as specified in this document).

igure 5 illustrates an example file decoder, its outputs as described above, and(its ‘relation to other parts of an OMAF
layer implementation.

player claiming conformance to a video or image media profile shall include a file decoder complying with the file
ecoding process of that video or image media profile as specified above. While the player operation, with the lexception
f the file decoding process, is not specified normatively in this document, specifications of a media profile may include
h informative clause on expectations of a player operation, for example including recommendations for rendering.

QDO O P> T T

Orientation
viewport
metadata

OMAF conformance

Other Media

File decoder
OMAF
track(s) 4 PECOded
o File V.Ideo or picture(s) ] Rendered Synchronized an
image image Mapplng of decoded € spatially-aligned
mag parser decoder picture(s) onto sphere viewport presentation
item Rendering
metadata

Figure 5 — Conformance points for OMAF video and image media profiles

44223  File decoding process and file decoder requirements for audio media profiles

Each audio profile specified in Clause 10 includes a file decoding process such that all file decoders that conform to the
audio profile will produce an output according to the specification of the file decoding process. For audio, the conformance
of the output signal is defined by the file decoding process. The output of the file decoding process provides a signal that
may be represented in the reference system.

4.4.3  Presentation profiles

A presentation profile is defined as requirements and constraints for an ISOBMFF file containing tracks or items of any
number of media types. A specification of a presentation profile should refer to the specified media profiles and may
include additional requirements or constraints. A file conforming to a presentation profile typically provides an
omnidirectional audio-visual experience.
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4.4.4  Summary of referenceable code points

4441

Brands

ISO/IEC 14496-12 defines the concept of brands, which may be indicated in the Fi 1eTypeBox. This document specifies
the TrackTypeBox, which may be used to indicate brands in a track-specific manner. Brands are used in this document
to indicate conformance to OMAF media profiles, OMAF presentation profiles, and CMAF Media Profiles that are defined
in this document.

The brands specified in this document are listed in Table 2.

Table 2 — Brands specified in this document

Brrand identifier | Clause in this | Name of the media profile or the presentation profile
document
hgvi 10.1.2 HEVC-based viewport-independent OMAF video profile
hegvd 10.1.3 HEVC-based viewport-dependent OMAF video\profile
ayde 10.14 AV C-based viewport-dependent OMAF video profile
0g4bl 10.2.2 OMAF 3D audio baseline profile
o32d 10.2.3 OMAF 2D audio legacy profile
hgoi 10.3.3 OMAF HEVC image préfile
jgoi 10.3.4 OMAF legacy image profile
timl 10.4.2 OMAF IMSC1 timed text profile
twv 10.4.3 OMAFR:WebVTT timed text profile
ompp 111 OMAF viewport-independent baseline presentation profile
ovydp 11.2 OMAF viewport-dependent baseline presentation profile
cyid C.1L.k CMAF media profile for the HEVC-based viewport-independent
OMAF video profile
chev C.l2 CMAF media profile for the HEVC-based viewport-dependent
OMAF video profile
cgbl c.21 CMAF media profile for OMAF 3D audio baseline profile
4.4.4.2 Uniform resource names

The URNSs specified in this document are listed in Table 3.

16
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Table 3 — URNSs specified in this document

URN Clause in this | Informative description
document
urn:mpeg:mpegl:omaf:2017 8.2.2 Namespace for the XML elements and attributes

specified in this document

urn:mpeg:mpegl:omaf:2017:pf 8.3.2 Scheme identifier for the omnidirectional
projection type DASH MPD descriptor

urn:mpeg:mpegl:omaf:2017:rwpk | 8.3.3 Scheme identifier for the region-wise)packing
type DASH MPD descriptor

urn:mpeg:mpegl:omaf:2017:cc 8.3.4 Scheme identifier for the content coverage DASH
MPD descriptor
urn:mpeg:mpegl:omaf:2017:srgr | 8.3.5 Scheme identifierfor the spherical region-wj|se

quality ranking-DASH MPD descriptor

urn:mpeg:mpegl:omaf:2017:2dqr | 8.3.6 Scheme identifier for the 2D region-wise quality
ranking@®ASH MPD descriptor

urn:mpeg:mpegl:omaf:2017:fomv | 8.3.7 Scheme identifier for the fisheye omnidirectjonal
video DASH MPD descriptor

B

.4.4.3  Restricted scheme types

—

he restricted scheme types specified in this document are listed in Table 4.

Table 4 — Restricted scheme types specified in this document

Restricted scheme type | Clause in this document | Informative description

podv 7.6.1.2 Projected omnidirectional video; an open-ended
restricted scheme type for omnidirectional video based
on a projection.

erpv 7.6.1.3 Equirectangular projected video; a closed restricted
scheme type for omnidirectional video based on the
equirectangular projection and essentially no regiot}-wise
packing.

ercm 7614 Packed equirectangular or cubemap projected videg; a
closed restricted scheme type for omnidirectional video
based on either the equirectangular projection or the
cubemap projection and any region-wise packing.

fodv 7.6.15 Fisheye omnidirectional video; an open-ended restricted
scheme type for omnidirectional video based on video
captured by one or more fisheye camera lenses and not
based on a projection.
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4.4.4.4 Sample entry types

The sample entry types specified in this document are listed in Table 5.

Table 5 — Sample entry types specified in this document

Sample entry type Clause in this document | Informative description

invo 7.7.4 For use with a timed metadata track containing the initial
viewing orientation timed metadata.

revp 7.75 For use with a timed metadata track containing the
recommended viewport timed metadata.

ttsl 7.7.6 For use with a timed metadata track contaiifg the timed
text sphere location timed metadata.

4445 |Boxtypes

The box tyypes specified in this document are listed in Table 6.

Table 6 — Box types specified in this dogiment

Box type Clause in this document | Box name

csch 7.16 Canipatible scheme type box

ttyp 7.1.9 Track type box

povd 7.6.2 Projected omnidirectional video box

prin 7.6.2,79.3 Projection format box, projection format item property
fodvi 7.6.3 Fisheye omnidirectional video box

fovi 7.6:3,79.4 Fisheye video essential information box, essential

fisheye image item property

fvsi 7.6.3,7.9.5 Fisheye video supplemental information box,
supplemental fisheye image item property

rwpK 7.6.4,7.9.6 Region-wise packing box, region-wise packing item
property

rotn 7.6.5,79.7 Rotation box, rotation item property

covi 7.6.6,7.9.8 Coverage information box, coverage information item
property

rosc 7.7.2 Sphere region configuration box

rvif 7.75 Recommended viewport information box

srqr 7.8.2 Sphere region quality ranking box
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Box type Clause in this document | Box name

2dqr 7.8.3 2D region quality ranking box

stvi 7.9.2 Frame packing item property

NOTE FramePackingProperty hasthe same box type

and syntax as StereoVideoBox specified in
ISO/IEC 14496-12.

iivo 7.9.9 Initial viewing orientation item property

otcft 7.10.2 OMAF timed text configuration box

- &

.4.4.6  Track grouping types

he track grouping types specified in this document are listed in Table 7.

Table 7 — Track grouping types specified in this-document

Track grouping type

Clause in this document

Track grouping name

ster

711

Stereoscopic video track grouping

alte

721

Alternative extraction source track grouping

(@l

»n_-

Omnidirectional video ptojection and region-wise packing

5.1 Coordinate system

he coordinate system consistsf)a unit sphere and three coordinate axes, namely the X (back-to-front) axis, the
de-to-side) axis, and the Z (vertical, up) axis, where the three axes cross at the centre of the sphere.

Tlhe location of a point ©nythe sphere is identified by a pair of sphere coordinates azimuth (¢) and elevation ().
F

igure 6 specifiesd¢he-relation of the sphere coordinates azimuth (¢) and elevation (0) to the X, Y, and Z coordin

Y (lateral,

ate axes.

© ISO/IEC 2019 - All rights reserved
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Figure 6 — Coordinate axes and their relation to the sphere‘coordinates

[he specified coordinate system is the same as in ISO/IEC 23008-3.

v

The valug ranges of azimuth is —180.0, inclusive, to 180.0, exclusive, degrees. The value range of elevation is —90.0 {
90.0, inclpisive, degrees.
5.2  Omnidirectional projection formats
521  General
Subclausg 5.2 specifies the inverse of the projection-process for remapping of one sample location of a monoscopic
projected|luma picture onto a position on the unit'sphere identified by a pair of azimuth and elevation coordinates.
The omnifirectional projection formats specified in this document are identified by a 5-bit unsigned integer value. Table|8
specifies the omnidirectional projectiop-format identifier values and provides references to the clauses in which the
respective inverse projection processes are specified.
Table 8 — Omnidirectional projection formats
Identifier value | Omnidirectional projection | Clause
0 Equirectangular projection 522
1 Cubemap projection 5.2.3
2.31 Reserved N/A
5.2.2  Equirectangular projection for one sample location
Inputs to this process are:

20

pictureWidth and pictureHeight, which are the width and height, respectively, of a monoscopic projected luma picture,
in relative projected picture sample units, and
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— the centre point of a sample location (hPos, vPos) along the horizontal and vertical axes, respectively, where hPos

and vPos are in relative projected picture sample units and may have non-integer real values.

Outputs of this process are:

— sphere coordinates (¢, 0) for the sample location in degrees relative to the coordinate axes specified in subclause 5.1.

The sphere coordinates (¢, 6) for the luma sample location, in degrees, are given by the following equations:

¢ = (0.5 —hPos + pictureWidth ) * 360
0 = (0.5 —vPos + pictureHeight ) * 180

Higure 7 illustrates the azimuth and elevation ranges of a monoscopic projected picture with the equirectangular f
90°
180° f---------------- poommm oo —180°
-90°

Figure 7 — Azimuth and elevation ranges of theqmonoscopic projected picture
of the equirectangular fprojection

=z

OTE1 Since an input to this process is the centre point of a sample location and the width and height of the sample ar
fie output ¢ is never equal to —180° or 180° and the output 8 is néver equal to —90° or 90°.

—

OTE 2 The monoscopic projected picture represents thesinside surface of the unit sphere observed from the origin of the
stem. Thus, the azimuth decreases from left to right.

w

52.3  Cubemap projection for one sample location

hputs to this process are:

in relative projected picturé'sample units, and

- the centre point of a-sample location (hPos, vPos) along the horizontal and vertical axes, respectively, w
and vPos are in relative projected picture sample units and may have non-integer real values.

Qo

utputs of this process are:

- sphere coordinates (¢, 0) for the sample location in degrees relative to the coordinate axes specified in subg

Ea

igure 8<itlustrates the cube face arrangement in the projected picture of the cubemap projection format and the
f the-cube faces onto the coordinate axes specified in subclause 5.1, where PX, NX, PY, NY, PZ, and NZ denof
,Megative X, positive Y, negative Y, positive Z, and negative Z, respectively.

X O

rojection.

P non-zero,

coordinate

- pictureWidth and pictureHeight, which are the width and height, respectively, of a monoscopic projected lunpa picture,

here hPos

lause 5.1.

mapping
e positive
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The spherie coordinates (¢, 0) for the luma sample location, in degrees, are given by the following equations:
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igure 8 — Relation ofthe Cube face arrangement of the projected picture to the sphere coordinates

s of pictureWidth-and pictureHeight shall be such that pictureWidth is a multiple of 3, pictureHeight is a multip

v

[¢)
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Ih = pictureHeight / 2
tmpHorVal = hPos — Floor( hPos + 1w ) * lw
tmpVerVal = vPos — Floor( vPos + 1h ) * 1h
hPos'=—(2 * tmpHorVal + Ilw) + 1
vPos'=—(2 *tmpVerVal +1lh)+1
w = Floor( hPos + lw)
h = Floor( vPos + Ih)
ifltw == 1 && h == 0) {// positive x front face
x=1.0
y = hPos’
z =vPos'
} else if(w

1 && h == 1) {// negative x back face
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x=-1.0
y = —vPos’
z=—hPos’
Yelseif(w == 2 && h == 1) {// positive z top face
x = —hPos’
y = —vPos’
z=1.0
Yelseif(w == 0 && h == 1) {// negative z bottom face
x = hPos’
Y= vPos
z=-1.0
}elseif(w == 0 && h == 0) {// positive y left face
x = —hPos’
y=10
z = vPos’
Yelse{//(w == 2 && h == 0), negative y right face
X = hPos’
y=-1.0
z = vPos’

}
¢ =Atan2(y,x)*180+m=

0= Asin(z+,/x2 +y2+ zz) *180+m

5.3  Conversion from the local coordinate axes to‘the global coordinate axes

hputs to this process are:

4+ rotation yaw (ad), rotation pitch (Bu).~Eétation roll (yg), all in units of degregs, where
rotation yaw (ag) and rotation roll (ya), are in the range of —180.0, inclusive, to 180.0, exclysive, and
rotation pitch (Bd) is in the range of —90 8 to 90.0, inclusive, and

1  sphere coordinates (¢q, 84) relative to the local coordinate axes.
Qutputs of this process are:
1+  sphere coordinates (¢, 0") in degrees relative to the global coordinate axes.

Tlhis process specifies rotations,around the three axes of the coordinate system of subclause 5.1, where yaw (ag) [expresses
al rotation around the Z axis/piteh (B4) rotates around the Y axis, and roll (yq) rotates around the X axis. Rotations are
eitrinsic, i.e., around X, YandZ fixed reference axes. The angles increase clockwise when looking from the origin towards
the positive end of an axis;-as illustrated in Figure 9.

X Rol

Figure 9 — Hlustration of the directions of the yaw, pitch and roll rotations
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When any of the yaw (o), pitch (Bq) and roll (yq) rotation angles is not equal to zero, an OMAF player needs to apply the
sphere rotation process specified in this clause to convert the local coordinate axes to the global coordinate axes.

It is assumed that the global coordinate systems for different media types were made aligned during content production.

The outputs are derived as follows:

5.4  Region-wise packing formats

54.1  General

Subclausg 5.4 specifies the inverse processes of the region-wise packing for remapping of a luma sample location in
packed region onto a luma sample location of the corresponding projected region.

The inverse region-wise packing processes specified-in this document are identified by a 4-bit unsigned integer valug.
Table 9 specifies the region-wise packing format:identifier values and provides references to the clauses in which th

¢ =¢4g*7+180
0=04* 7+ 180
o=og*7m+ 180

B=Ps 7~ 180

Yy =vd * 7+ 180

X1 = Cos(¢ ) *Cos(0)

y1=Sin(¢ ) * Cos(0)

z1=Sin(0)

X2 = Cos(B)*Cos(a)*x1—Cos(B)*Sin(a)*y1+Sin(p)* 2z

y2=(Cos(y)*Sin(a)+Sin(y)*Sin(B)* Cos(a))*x1 +
(Cos(y)*Cos(a)—Sin(y)*Sin(p)*Sin(a))*yi—
Sin(y) *Cos(B) *z

z, = (Sin(y) *Sin(a)—Cos(y) *Sin(B) * Cos(a))*x1 +
(Sin(y)*Cos(a)+Cos(y)*Sin(B)*Sin(a)) *y +
Cos(vy) *Cos(B) *z

0’ = Atan2( y2, X2 ) * 180 ~ =

0'=Asin(z2) * 180 + 1

respectivg inverse processes are specified.

54.2

Table 9 — Region-wise packing formats

[<})

D

Identifier value | Region-wise packing format Clause
0 Rectangular region-wise packing | 5.4.2
1..15 Reserved N/A

Conversion of one sample location for rectangular region-wise packing

This clause specifies the inverse of the rectangular region-wise packing process for remapping of a luma sample location
in a packed region onto a luma sample location of the corresponding projected region.

Inputs to this process are:

24

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

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

units,

— transform type (transformType), and

— offset values for the sampling position (offsetX, offsetY) in the range of 0, inclusive, to 1, exclusive, in horizontal

and vertical relative packed picture sample units, respectively.

NOTE offsetX and offsetY both equal to 0.5 indicate a sampling position that is in the centre point of a sample in packed picture

sample units.

QUTpUTS Of TNIS Process are:

- the centre point of the sample location (hPos, vPos) within the projected region, where hPos and vPgs,are
projected picture sample units and may have non-integer real values.

Tlhe outputs are derived as follows:

if(transformType == 0 || transformType == 1 || transformType == 2 || dransformType ==
horRatio = projRegWidth + packedRegWidth
verRatio = projRegHeight + packedRegHeight
} else if (transformType == 4 || transformType == 5 || transformType == 6 ||
transformType == 7){
horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth
}
if( transformType == 0) {
hPos = horRatio * ( x + offsetX )
vPos = verRatio * (y + offsetY )
} else if (transformType == 1) {
hPos = horRatio * ( packedRegWidth — x ~<0ffsetX )

vPos = verRatio * ( y + offsetY )
} else if (transformType == 2){

hPos = horRatio * ( packedRegWidth — x — offsetX )

vPos = verRatio * ( packedRégHeight — y — offsetY )
}else if ( transformType ==-3)¢

hPos = horRatio * ( x + offsetX )

vPos = verRatio * ( packedRegHeight — y — offsetY )
} else if (transformTypes== 4) {

hPos = horRatio *{ y + offsetY )

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

hPos £horRatio * (y + offsetY )

VP0Os = verRatio * ( packedRegWidth — x — offsetX )
} elseif (transformType ==6) {

hPos = horRatio * ( packedRegHeight — y — offsetY )

vPos = verRatio * ( packedRegWidth — x — offsetX )
T else if ( transformType == 7){

hPos = horRatio * ( packedRegHeight — y — offsetY )

n relative

3){

D Rats *x [ I ££. +
viFUS = vCiT\atuvu \ AT UTTOT/A }

}
6 Fisheye omnidirectional video

6.1 General

Without the projection and region-wise packing processes specified in Clause 5, multiple circular images captured by
fisheye cameras may be directly projected onto a picture, which consists of fisheye omnidirectional video. In an OMAF
player, the decoded fisheye omnidirectional video may be stitched and rendered according to the user’s intended viewport

using the signalled fisheye video parameters, including:
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— region information of circular images in the coded picture,

— field of view and camera parameters of fisheye lens,

— lens distortion correction (LDC) parameters with local variation of FOV, and
— lens shading compensation (LSC) parameters with RGB gains.

Essential fisheye video parameters for enabling stitching and rendering at the OMAF player are specified in
FisheyeVideoEssentialInfoStruct insubclause 6.2. For high quality rendering and efficient delivery of fisheye
video, supplemental fisheye video parameters are specified in FisheyeVideoSupplementalInfoStruct in
subclause|6.3.

6.2 [isheyeVideoEssentiallnfoStruct syntax structure

6.2.1  $yntax

aligned (8) class FisheyeVideoEssentialInfoStruct() {
ungigned int(3) view dimension idc;
bifg(21) reserved = 0;
ungigned int (8) num circular_ images;
foy (i=0; i< num circular images; i++) {
unsigned int (32) image centre x;

unsigned int (32) image centre y;
unsigned int (32) rect region top;
unsigned int (32) rect region left;
unsigned int (32) rect region width;
unsigned int (32) rect region height;
unsigned int (32) full radius;

unsigned int (32) scene_ radius;

signed int (32) camera centre azimuthy
signed int (32) camera centre elev&tion;
signed int (32) camera centre tidt;
unsigned int (32) camera centxe offset x;

)
unsigned int (32) camera cenfive offset y;
unsigned int (32) camera centre offset z;
unsigned int(32) field,of view;
bit (16) reserved = 0;
unsigned int (16) num.polynomial coefs distortion;
for (Jj=0; j< num_po¥ynomial coefs distortion; J++)
signed int (32) polynomial coef k distortion;

6.2.2  $emantics

viey dimépsion idc indicates that the syntax element values of th(s
FisheyeVideoEssentialInfoStruct Syntax structure have been constrained as specified in Table 10.
The) indicated constraints shall be obeyed in the syntax element wvalues of thi|s
FisheyeVideoEssentialInfoStruct syntax structure.
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Table 10 — Constraints implied by view_dimension_idc

view_dimension_idc Constraints

0 num circular images isequalto 2.

The values of camera centre azimuth,

camera centre elevation, camera centre tilt,
camera_centre offset x, camera centre offset vy, and
camera_ centre offset z aresuch that the circular images have
aligned optical axes and face opposite directions.

Thesumof field of view values is greater than or equal to 360 * 2'°.

1 num circular images isequal to 2.

The values of camera centre azimuth,

camera centre elevation, camera centre tilt,

camera_ centre offset x, camera céntre offset vy, and
camera centre offset =z aresuch thabthe circular images have
parallel optical axes that are orthogonal toithe line intersecting the camera
centre points.

The camera with i equal to 0 is the left view.

2 num circular images isequal to 2.

The values of camera centre azimuth,

camera centxe’elevation, camera centre tilt,

camera centre offset x,camera centre offset y,and
camera_cerntre offset z aresuch that the circular images have
parallel optical axes that are orthogonal to the line intersecting the camera
centre points.

The camera with 1 equal to 0 is the right view.

3 to 6, inclusive Reserved.

7 No additional constraints are implied for the syntax element values within thjs
FisheyeVideoEssentialInfoStruct Syntax structure.

nurcircular images specifies the number of circular images in each coded picture this structure gpplies to.
Typically, the value is equal to 2, but other non-zero values are also possible.

. i 1o finvad natnt 10 10 \saliin thot cnanifine tha hovioantal anardinats 1 Lo copmanlin fth
TIagcT CTITCLT IS O ITACUPUTT T T O T U vairuC ot SPC U TC S thC U IZ 0T COUTUTT IOt i TO o SarTo CS, 0 e

centre of the circular image in each coded picture this structure applies to, relative to the top-left corner of the
coded picture.

image centre vy isa fixed-point 16.16 value that specifies the vertical coordinate, in luma samples, of the centre
of the circular image in each coded picture this structure applies to, relative to the top-left corner of the coded
picture.

rect region top, rect region left, rect region width, and rect region height specify
the coordinates of the top-left corner and the width and height of the rectangular region that contains the circular
image, which may or may not be cropped. These values are specified in units of luma samples.
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28

full radius isa fixed-point 16.16 value that specifies the radius, in luma samples, from the centre of the circular
image to the edge of the circular image that corresponds to the maximum field of view of the fisheye lens, specified
by field of view.

The active pixel area of a circular image is defined by the intersection of the rectangular region, defined by
rect region top, rect region left, rect region width, and rect region height, and
the circle defined by image centre x, image centre y,and full radius.

scene radius isafixed-point 16.16 value that specifies the radius, in luma samples, from the centre of the circular
image to the closest edge of the area in the image where there are no obstructions from the camera body itself,

q

camg¢ra centre azimuth and camera centre elevation specify the centre of the sphere~tegig

q

cam¢ra centre tilt specifies the tilt angle of the centre of the sphere region corresponding-to the centre of the

q

camfera centre offset x,camera centre offset y andcamera centre offset z arefixeq

Q)

camera_centre_offset-z(0,) of the focal centre (CL or Cr) of the fisheye camera lens (L or R, respectively)

fiel
q

1180 * 26 to 180 * 2% — 1, inclusive. camera centre elevation shall be in the range of 90 * 2% {

Nna that the enclosed area IS the suggested area 101 SttCning as recormmended DY the CONtent proviaer.

e

orresponding to the centre of the circular image. camera centre azimuth shall be in the range ¢

[=]

0 * 216 inclusive.

ircular image. camera_centre tilt shall be in the range of —180 * 216 to 180 * 2% 1, inclusive.

D

oint 16.16 values that indicate the XYZ offset values, in millimeters, of the focal’centre of the fisheye camef
bns corresponding to the circular image, from the focal centre origin of the overall fisheye camera configuratio
s illustrated in Figure 10.

>

tZ
0z L
Cr
*
Ox
X

—
Figure 10 — Illustration of camera_centre_offset_x (Ox), camera_centre_offset_y (Oy), and

relative to the focal centre origin of the overall fisheye camera configuration (Cw)

@D

d_of ndew is a fixed-point 16.16 value that specifies the field of view of the fisheye lens corresponding to th
ircularsimage, in degrees. A typical value for a hemispherical fisheye lens is 180.0 degrees.

num

pélynomial coefs distortion and polynomial coef k distortion are lens distortion

parameters that define the curve function between the normalized radius (r) of luma sample x, in the circular
image and the angle (6) in the camera sphere where X, and X. are the corresponding points of x, and X. as shown
in Figure 11. The normalized radius (r) of x, is calculated as the distance () divided by full radius where
the distance (d) is the distance between x, and the centre of the circular image, x. in units of luma samples.
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Q

63.1  Syntax

ligned(8) class FisheyeVideoSupplementalInfoStruct () {

Figure 11 — Illustration of relation between radius (r) and theta (0) of distortionfunction

num polynomial coefs distortion is an integer that specifies the number oD polynomial cq
corresponding to the circular image. This is the maximum order of the polynomial plus 1.

The instances of polynomial polynomial coef k distortion are fixed<point 8.24 polynomial g
values that describes the curve function from the normalized radius () oftuma sample x, in the circula
the angle (0), in radians, using the following polynomial equation:

N_l .
0= %) pyx )

where p; and N; are represented  by“{ polynomial coef k distortig
num polynomial coefs distortion, respectively.

FisheyeVideoSupplementalInfoStrugt syntax structure

unsigned int(8) num circular images;
bit (20) reserved = 0;

unsigned int (1) flip info flag;
unsigned int(l) came¥a intrinsic_ flag;
unsigned int (1) Aocal fov flag;
unsigned int (1), deadzone flag;

(i=0; A<ptm circular images; i++) {
if (f¥ip7info flag == 1) {
Dit (30) reserved = 0;
unsigned int(2) image flip;

for

}
if (camera intrinsic flag == 1) {
unsigned int(32) image scale axis_angle;

efficients

oefficient
r image to

n and

unsigned int (32) image scale x;

unsigned int(32) image scale y;
bit (16) reserved = 0;
unsigned int (16) num polynomial coefs lsc;
for (j=0; Jj<num polynomial coefs lsc; j++) {
signed int (32) polynomial coef k lsc r;
signed int (32) polynomial coef k lsc g;
signed int (32) polynomial coef k lsc b;
}
}
if (local fov flag == 1) {
unsigned int (16) num angle for displaying fov;
bit (16) reserved = 0;
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6.3.2

30

num

Typically, the value is equal to 2, but other .non=zero values are also possible.

flip info flag equalto 1 specifies that fmage flipping regioninformationispresent. f1ip info flap
dqual to 0 specifies that image flipping information is not present.

camg¢ra_ intrinsic flag equahto 1 specifies that image scale and lens shading compensation camera intrinsic
parameters are present. camera intrinsic flag equal to O specifies that image scale and lens shading
gompensation camera intfinsic parameters are not present.

locgl fov_ flagequahto 1 specifies that the local field of view parameters are present. local fov_ flagequdl
tp O specifies that'the local field of view parameters are not present.

dea

image “Flip specifies whether and how the image has been flipped and thus a reverse flipping operation needs to
e applied. The value O indicates that the image has not been flipped. The value 1 indicates that the image hgs
been vertically flipped. The value 2 indicates that the image has been horizontally flipped. The value 3 indicates
that the image has been both vertically and horizontally flipped.

ima

$emantics

0

dpecifies.that’deadzone parameters are not present.

for (j=0; j<num angle for displaying fov; j++) {
unsigned int(32) displayed fov;
unsigned int (32) overlapped fov;
}
bit (16) reserved = 0;
unsigned int (16) num local fov region;
for (Jj=0; j<num local fov_region; J++) {
unsigned int (32) start radius;
unsigned int(32) end radius;
signed int (32) start angle;
signed 1nt(3Z) end _angle,;
unsigned int (32) radius delta;
signed int (32) angle delta;
for (rad=start radius; rad<=end radius; rad+=radius_delta)
for (ang=start angle; ang<= end angle; angt=angle delta)
unsigned int (32) local fov weight;

}

(deadzone flag == 1) {

bit (24) reserved = 0;

unsigned int (8) num deadzones;

for (3j=0; j<num deadzones; j++) {
unsigned int (16) deadzone left horizontal offset;
unsigned int (16) deadzone top vertical offset;
unsigned int (16) deadzone width;
unsigned int (16) deadzone height;

[circular images specifies the number of circular images in each coded picture this structure applies tg.

[«

zone flag equal to 1 specifies that deadone related parameters are present. deadzone flag equal to

ge scale axis angle, image scale x,and image scale y are three fixed-point 16.16 values

that specify whether and how the circular image has been scaled along an axis. They are used to take into account
the natural error in the camera-mirror setting. The axis is defined by a single angle as indicated by the value of

image scale axis_ angle, in degrees. An angle of 0O degrees means a horizontal vector is perfectly
horizontal and a vertical vector is perfectly vertical. The values of image scale x and image scale y
indicate the scaling. They may also be called as affine parameters that satisfy the following equation:

L1=15 310l + 5]
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The equation relates the actual pixel coordinates (u, v) to the ideal image coordinates (uy, vy). ¢, and c,, represent
image centre x, image centre y respectively. ¢, d, and e represent image scale x,
image scale axis_angle, and image scale_y respectively.

num polynomial coefs 1lsc specifiesthe number of polynomial coefficients of the lens shading compensation
(LSC) parameters for the circular image.

polynomial coef k lsc r, polynomial coef k lsc g, and polynomial coef k lsc b are
8.24 fixed-point values that specify the LSC parameters to compensate the shading artifact of the fisheye lense
that reduces the color in the radial direction. The compensating weight (w) to be multiplied to the original color
IS approximated as a curve Tunction using the following polynomial equation:

_ VN Laim1
W= YD1 T

where r is the normalized radius as specified in subclause 6.2.2.

The weighing factors for red, green, and blue may be calculated separately Awvhen p is repredented by
polynomial coef k 1lsc r, polynomial coef k lsc g, and polynomial coef k|lsc b,
respectively, and r is the corresponding radius from the image centre after normalization by the full |radius.
Nis represented by num polynomial coefs 1lsc. Figure 12 shows.ar.example of an input fisheye video
picture and the output after applying lens shading compensation.

Figure 12 — Example of a pair of outptit-images (right) resulting from lens shading compensatipn
from a-pair of circular input images (left)

num angle for displaying\fov specifies the number of angles that define the displayed and overlapped
regions. According to the~Vvalue of num angle for displaying fov, multiple \alues of
displayed fov and \everlapped fov are defined with equal intervals, which start at 12 ofclock and
increase clockwise.

displayed fov specifies the field of view of the part of the circular image that is recommended to bg¢ used for
displaying without blending that involves adjacent circular images.

overlapped \fov specifies the field of view of the part of the circular image that may be overlapped op a sphere
by adjacent circular images and that is recommended to be used for displaying either as such or by blerding with
adjacent circular images.

The,.values of displayed fov and overlapped fov shall be less than or equal to the |value of
field of view.

NOTE The value of field of view IS determined by the pnysical property of each fisneye lens, while the values of
displayed fov and overlapped fov are determined by the configuration of multiple fisheye lenses. For example, when the
value of num circular images is equal to 2 and two lenses are symmetrically located, the value of displayed fov and
overlapped fov could be set as 180 and 190 respectively, by default. However, the value could be changed depending on the
configuration of the lens and the characteristics of the contents. For example, if the stitching quality with the displayed fov values
(left camera = 170 and right camera = 190) and the overlapped fov values (left camera = 185 and right camera = 190) is better than
the quality with the default values (180 and 190) or if the physical configuration of cameras is asymmetric, then the unequal
displayed fov and overlapped fov values could be taken. In addition, when it comes to multiple (N>2) fisheye images, a
single displayed fov value cannot specify the exact area of each fisheye image. As shown in Figure 13 and Figure 14,
displayed fov (red-coloured) varies according to the direction. In order to manipulate multiple (N>2) fisheye images,
num_angle for displaying fov isintroduced. For example, if this value is equal to 12, then the fisheye image is divided into
12 sectors where each sector angle is 30 degrees.
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FOV =190°
FOV =170°

num |

stal

q
U
i

rad]

angl

locd

!

==

fitting/warping to change the actual field of view for displaying locally. start radius and end radiuf
gre fixed-point 16.16 values that specify the minimum_and maximum radius values. start angle and
n

4= e

Figure 14 — Displayed FOV and overlapped FOV for multiple-(N>2) fisheye images

[local fov region specifies the number of local fitting regions'that have different fields of view.

't radius (ry), end radius (r), start angle (as), apdend_angle (a.) specify the region for loca

end_angle specify the minimum and maximum angle*values that start at 12 o’clock and increase clockwise, i
nits of 271° degrees. start angle and end_angle shall be in the range of —180 * 21¢ to 180 * 2% — |,
hclusive. Figure 15 illustrates an example of local FOV parameters.

lus delta (rg) is a fixed-point 16.16 valug-that specifies the delta radius value for representing a different field
f view for each radius.

le delta (aq) specifies the deltaiangle value, in units of 27'6 degrees, for representing a different field of viey
or each angle.

1 fov weight (W) isa8.24 fixed point value which specifies the weighting value for the field of view of th
osition specified by s€tart radius,end radius, start angle,end angle, the angle index i and th
adius index j. The positive value of local fov weight specifies the expansion of field of view, while th
egative value spgcifies the contraction of field of view. Figure 16 shows an example result of applying local FO
arameters with‘a set of weighting values.

N®D® ® D

>

ae

Figure 15 — Illustration of parameters regarding local FOV
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there shall be ne-more than two of such tracks for the same value of track group id.

",

. ‘ .W’: 1.0 \\\\\ \‘-\-_‘-A:__’.’ “:’ .
R R “-..._ | Ellipse‘where FON=6

"""" - “-—fter local FOVAid applied

Figure 16 — Example of local FOV with as, ae, and as equal to 45°, 135°, and 45°, repectively, and rs,
equal to 0.5, 1.0, and 0.5, respectively

num_deadzones is an integer that specifies the number of dead zones in each eoded picture this structure

applies to.

deadzone left horizontal offset, deadzone top vex¥®iical offset, deadzone]
and deadzone height are integer values that specify the pasition and size of the deadzone r{
area in which the pixels are not usable. deadzone left horizontal offs
deadzone top vertical offset specify the horizontal and vertical coordinates, respectivel
samples, of the upper left corner of the deadzope<in the coded picture. deadzone wi
deadzone height specify the width and height, réspectively, in luma samples, of the deadzong
bits for representing the video, all pixels within a deadzone should be set to the same pixel value, e.qg.,

Omnidirectional media storage and metadata signalling in
the ISOBMFF

i Generic extensions to thenslSOBMFF

1.1  Stereoscopic video trackgrouping

.1.1.1 Definition

rackGroupTypeBox\With track group type equal to 'ster' indicates that this track is either the le
ew of a stereo pair suitable for playback on a stereoscopic display.

he tracks that have’ the same value of track group id within StereovideoGroupBox form a stereg

OTE 1 Msudlly there are two tracks indicated to be a stereo pair with the StereovideoGroupBox having the san
rack \group_id. However, only one track could be associated with a stereo pair in specific cases. For example, the fi
lited in a manner that one of the tracks forming a stereo pair gets removed. In another example, only one of the tracks of a

Fe, and rq

| width,
pctangular
et and
, in luma
dth and
. To save
all black.

ft or right

pair, and

e value of
e could be
stereo pair

q

| selected faor transmission e g ||cing DASH

NOTE 2 When a track contains one or more StereoVideoGroupBoxes within the TrackGroupBox, the respective
Representation in a DASH MPD could use the multiple views scheme of DASH with @value including rID (when
left view flag is equal to 0) or 11D (when left view flag is equal to 1), where 1D could be equal to the
track group_id provided that all content of the MPD originates from the same file or the uniqueness of t rack group id values
across multiple files is ensured.
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7.1.1.2 Syntax

aligned(8) class StereoVideoGroupBox extends TrackGroupTypeBox ('ster') {
unsigned int (1) left view flag;
bit (31) reserved = 0;

}

7.1.1.3 Semantics

left view flag equal to 0 indicates the right view of a stereo pair, and left view flag equal to 1 indicates
the left view of a stereo pair. When there are two tracks with the same value of track group id, the value of
left view flag shall differ.

7.1.2  Indication of track group_id uniqueness

Bit 0 of the £1ags (with bit 0 being the least significant bit) of the TrackGroupTypeBox is used teindicate the
uniquenegs of track group_id. The semantics of the flag is specified as follows:

flags & 1) equal to 1 in a TrackGroupTypeBox of a particular track groug |type indicates that
track group_idinthat TrackGroupTypeBox is not equal to any track, TD value and is not equdl
to track group id of any TrackGroupTypeBox with a different txa&k group type. When
(flags & 1)isequal to 1 in a TrackGroupTypeBox With particular values of track group typp
and track group id, (flags & 1) shall be equal to 1 in all TrackGroupTypeBoxes of the same
values of track group typeand track group_id, respectively

7.1.3  Wpdated semantics of track_IDs of the track reference box

The sematics of t rack IDs of the TrackReferenceBox is changed.from

tra¢k IDs is an array of integers providing the track identifiers of the referenced tracks. The value 0 shall not
present. A given value shall not be duplicated in the array:

D

to

tra¢k IDs is an array of integers providing the track identifiers of the referenced tracks or track group ig
alues of the referenced track groups. Each-value of track IDs[i], where i is a valid index to tHe
track IDs[] array, is an integer that_provides a reference from the containing track to the track with
rack_ID equal to track IDs[ij" or to the track group with both track group id equal to
rack_IDs[i] and (flags &{)of TrackGroupTypeBox equal to 1. Whena track _group_id valle
5 referenced, the track referencétapplies to each track of the referenced track group individually unless stated
therwise in the semantics of-particular track reference types. The value 0 shall not be present. A given value shajl
ot be duplicated in the array,

o=

7.1.4  Indication of a tracknot intended to be presented alone

=

Bit 4 of tHe £1ags (with bit0 being the least significant bit) of the TrackHeaderBox is used to indicate whether a trag
is not int¢nded to be.presented alone, e.g., due to that the track represents only a small portion of a videos scene. Th
semanticq of the flaguis specified as follows:

[©)

tra€ki not intended for presentation alone: Indicates that the track is not intended to H
presented alone without other tracks. Flag value is 0x000010. The flag not being set (i.e., f1ags & 0x000010
is equal to 0) indicates that the track may or may not be intended to be presented alone without other tracks.

D

7.1.5 Timed metadata tracks

7.1.5.1 Association with media tracks

When a timed metadata track is linked to one or more media tracks witha ' cdsc' track reference, it describes each media
track individually.
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1.6 Compatible scheme type box

.1.6.1 Definition

Box Type: 'csch!

Container: RestrictedSchemeInfoBox
Mandatory: No

Quantity: Zero or more

C

ompatibleSchemeTypeBox identifies a scheme type that the track conforms to.

Q

0w - =~

~J

.

B
T

7
A

ligned(8) class CompatibleSchemeTypeBox extends FullBox('csch', 0, flags)
// identical syntax to SchemeTypeBox
unsigned int (32) scheme type; // 4CC identifying the scheme
unsigned int(32) scheme version; // scheme version
if (flags & 0x000001) {
unsigned int (8) scheme uril[]; // browser uri

.1.6.2 Semantics

he semantics of the syntax elements are identical to the semantics of the.Syntax elements with the samg
chemeTypeBox

1.7 Multiple transformations for a single transformed media track

XAMPLE A transformed track could be both protected<and restricted.
he following process applies to conclude the untransformed sample entry type of a transformed media track:

|. Let schemelnfoContainerBox be PrébectionSchemeInfoBox, RestrictedSchemeInfo

media track, respectively.

N4

Let dataFormat be equal to the data format value of OriginalFormatBox of schemelnfoContaine

B. If dataFormat indicatés ) ‘a transformed media track, schemelnfoContainerBox is updated
ProtectionSchemelnfoBox, RestrictedSchemeInfoBox, 0Or CompleteTrackInfoB
dataFormat indicateS_an encrypted, restricted, or incomplete media track, respectively. The process conti
step 2.

L. Otherwise (dataFormat does not indicate a transformed media track), the untransformed sample entf
concluded.to be equal to dataFormat.

1.8 . The "codecs" parameter for a transformed media track

or-a transformed media track, the 'codecs' parameter is a comma-separated list of one or more list items

019(E)

-~

name in

transformed media track may have undergone several transformations of different types and shall not have yndergone
npore than one transformation of any particular type.

Box, Or

CompleteTrackInfoBox when the_track sample entry type indicates an encrypted, restricted, or ipcomplete

rBox.

to be
x when
nues from

y type is

Each list

H £ o £ 1 % £ 41 % £ PN | H % Le Lo + ' +la. % 1 1 %
TS TUTTITICU 1T UTTT a- SdimipIic Timtny  UuT tie U diisTuTTiic U TIcuUTd thiaC ROy  LUTILAtCTIidtiy  thiie U dU RS AlTTuTe Tty

ype (e.g.,

'resv'), a scheme type string, zero or more pairs of sample entry types and scheme type strings of transformed media,
and an original format string (e.g., 'avc1'), each separated by ".".

The following process applies to derive the value for a list item of the codecs parameter of a transformed media track:

1. The value of the codecs parameter is initialized to be an empty string.

2. Let schemelnfoContainerBox be ProtectionSchemeInfoBox, RestrictedSchemelInfo
CompleteTrackInfoBox when the track sample entry type indicates an encrypted, restricted, or incomplete

media track, respectively.
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3. LetdataFormat be equal to the data format value of OriginalFormatBox of schemelnfoContainerBox. The
value of the codecs parameter is appended by dataFormat followed by a dot ('.") character.

4. When dataFormat indicates a transformed media track, the value of the codecs parameter is appended by the

sch

eme type four-character code contained in the SchemeTypeBox of schemelnfoContainerBox.

5. When schemelnfoContainerBox contains instances of CompatibleSchemeTypeBox, the following applies for

each
cod

instance of the CompatibleSchemeTypeBox of schemelnfoContainerBox in any order: the value of the
ecs parameter is appended by a plus character ('+') followed by the scheme type four-character code

contained in the CompatibleSchemeTypeBox.

6. The

7. |If
Pro
data
step

8. Othd

by the original format string.

The origi
specificat

In the pro|

For exam

7.1.9

7.1.9.1

Box Typsq:
Containen:

Mandator]
Quantity:

The payld
TrackTy
removed

NOTE 1

7.1.9.2

aligne

}

Track type box

nsigned~int (32) major brand;

value of the codecs parameter is appended by a dot ('.") character.

dataFormat indicates a transformed media track, schemelnfoContainerBox is updated [t0 He
tectionSchemeInfoBox, RestrictedSchemeInfoBox, Or CompleteTrackInfoBex when
Format indicates an encrypted, restricted, or incomplete media track, respectively. The processycontinues from
3.

rwise (dataFormat does not indicate a transformed media track), the value of the code ¢s parameter is appenddd

nal format string starts with the untransformed sample entry type indicating a‘coding format and follows the
ons of the ' codecs ' string for that coding format.

cess above, steps 4 and 5 describe the derivation of a scheme type string.

hle, the value of the ' codecs ' parameter might be ' resv.podyyerpv.avcl'.

Definition

'ttyp!
TrackBox
V- No

Zero or one

=Y

ad of TrackTypeBox has the samesyntax as the payload of FileTypeBox. The content of an instance ¢
'peBox shall be such that it would, apply as the content of FileTypeBox, if all other tracks of the file wete
ind only the track containing this box remained in the file.

rackTypeBox could be ysed.in specifying media profiles or track-specific brands.
Syntax
(8) class“TrackTypeBox extends FullBox ('ttyp', 0, 0) {

nsigned¥int (32) minor version;
nsigmed int (32) compatible brands[]; // to end of the box

NOTE T

7.1.9.3

"he payload syntax of TrackTypeBox Is identical to that of FileTypeBox.

Semantics

The semantics of the syntax elements are identical to the semantics of the syntax elements with the same name in
FileTypeBox, if all other tracks of the file were removed and only the track containing this box remained in the file.

7.1.10 Clarifications on the stereo video box

This document uses StereoVideoBox as specified in ISO/IEC 14496-12 with the following additional specifications:

- The

36

definition of StereoVideoBox is changed from
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Box Type: 'stvi'
Container: SchemeInformationBox
Mandatory: Yes (when the SchemeType is 'stvi')
Quantity: One
to
Box Type: 'stvi'
Container: SchemeInformationBox
Mandatory: Yes (when the SchemeType is 'stvi '), no (otherwise)
Quantity: Zero or one

- When stereo scheme is equal to 4, PackedContentinterpretationType specified in ISOMEC 2B091-2 is
inferred to be equal to 1.

- When the value of stereo_indication type indicates the temporal interleaving frame’packing arfangement
and the display system in use presents two views simultaneously, readers should implicitly’set the compogition time
for constituent picture 0 to coincide with the composition time for constituent picture 1.

- When the value of stereo indication type indicates the temporal interleaving frame packing arrangement,
each sync sample and each SAP sample with SAP_type in the range of 1(10,3, inclusive, indicated by the stream
access point sample group represent constituent picture 0 followed, ‘i) composition time order, by samples
representing constituent pictures 1 and 0 in an alternating manner up té.but excluding the next sync sampfle or SAP
sample with SAP_type in the range of 1 to 3, inclusive, indicated by the stream access point sample group.

1.2 Generic extensions to ISO/IEC 14496-15

7.2.1  Alternative extraction source track grouping

=

flembers of the track group with track group type equal to 'alte' are alternatives to be used as a $ource for
'|scal' or 'sabt' track reference. The value of (f¥ags & 1) shall be equal to 1 ina TrackGroupTypeBdx Of type
'lalte" to indicate the uniqueness of track_group_id as specified in subclause 7.1.2.

"scal' or 'sabt' track reference mayfefer to a track group idvalueofan 'alte' track group. As implied
y the general semantics of a track reference to a track group_ id as specified in subclause 7.1.3, any single track of
N 'alte' track group is a valid source for extraction as specified in ISO/IEC 14496-15:2017, Clauses A.3 gnd A.7 or
br bitstream reconstruction fromtile tracks as specified in ISO/IEC 14496-15:2017, subclause 10.5.4.

=S 0 T >

~J

2.2 Tile base track association with coverage information box and timed metadata data track

<

Vhen a timed metadata-track is linked to a tile base track with a 'cdsc' track reference, it describes the HE\VC video
itstream carried by.the tile base track and all the associated tile tracks.

o

1.3  OMAF-specific extensions to the ISOBMFF

7.3.25 " Sync samples in timed metadata tracks

r¥imod matadata tranlic cnanifind 1n thic Annsiimnnt A camnln 1n A trnd mantadata tranly 10 Anfinnd Ao A ovine cnnd Ie if and
ForarhcoT Tt taC Ko SPC Tttt o Gotorc g oo e arHc o ettt oS Ko G Hric ooy ric-oat p

only if at least one of media samples in the referenced media tracks having the same decoding time is a sync sample.

7.4  OMAF-specific extensions to ISO/IEC 14496-15

7.4.1  Coverage information box in a tile base track

When CoverageInformationBox is included in ProjectedOmnivVideoBox of a tile base track, it provides
information on the area on the sphere covered by the content that is represented by all the tile tracks associated with the
tile base track.
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7.5  Structures and semantics that are common for video tracks and image items

7.5.1  Semantics of sample locations within a decoded picture

7.5.1.1 Relation of decoded pictures to global coordinate axes (informative)

Figure 17 illustrates the conversions from a spherical picture to a packed picture that could be used in content authoring
and the corresponding conversions from a packed picture to a spherical picture to be rendered that could be used in an

OMAF player. The example in this clause is described for a packed picture that appears in a projected omnidirectional
video track—Similar-deseriptioncoutd-be-derived-fo

Ha
K—HRHGF T SCTTotroTT cotHabe-aeHvea+orahr ||||ug\.. Hem-

Globallcoordinate axes Local coordinate axes

-
__l\:__
___c;___
-
\S]

3
_______ U
a) b) c) d
Unit sphere Unit sphere Projected picture orf which Packed picture
ﬂigned with aligned with regions for region-wWise'packing
gloHal coordinate local cocrdinate are specified

axes axes
Figure 17 — Example of processing stages to derive a packéed picture from a spherical image or vice versa

The contgnt authoring could include the following ordered steps:

— The|source images provided as input are stitched\to generate a sphere picture on the unit sphere per the globgl
coordinate axes as indicated in Figure 17a.

—  Thepnit sphere is then rotated relative to the.global coordinate axes, as indicated in Figure 17b. The amount of rotatign
to canvert from the local coordinate axes to the global coordinate axes is specified by the rotation angles indicated in
the RotationBox. The local coordinate axes of the unit sphere are the axes of the coordinate system that has begn
rotafed. The absence of Rotat {onBox indicates that the local coordinate axes are the same as the global coordinate

axes

— Asijlustrated in FiguresL7¢; the spherical picture on the rotated unit sphere is then converted to a two-dimensional
projgcted picture, for€xample using the equirectangular projection specified in subclause 5.2.1. When spatial packing
of stereoscopic content is applied, two spherical pictures for the two views are converted to two constituent picturep
aften which framepacking is applied to pack the two constituent pictures to one projected picture.

— Rectangular.region-wise packing could be applied to obtain a packed picture from the projected picture. One examp
of ppcking'is depicted in Figure 17c and Figure 17d. The dashed rectangles in Figure 17¢c indicate the projects
regigns.on a projected picture, and the respective areas in Figure 17d indicate the corresponding packed regions. |
this example, projected regions 1 and 3 are horizontally downsampled, while projected region 2 is kept at its origina
resolution.

> QO

CoverageInformationBox could be used to indicate which part of the sphere is covered by the packed picture.

In order to map sample locations of a packed picture (such as that in Figure 17d) to a unit sphere used in rendering
(Figure 17a), the OMAF player could perform the following ordered steps:

— A packed picture, such as that in Figure 17d, is obtained as a result of decoding a picture from a video track or an
image item.

— If needed, chroma sample arrays of the packed picture are upsampled to the resolution of the luma sample array of
the packed picture, and colour space conversion could also be performed.
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—  If region-wise packing is indicated, the sample locations of the packed picture are converted to sample locations of
the respective projected picture, such as that in Figure 17c, as specified in subclause 5.4.2. Otherwise, the projected
picture is identical to the packed picture.

— If spatial frame packing of the projected picture is indicated, the sample locations of the projected picture are
converted to sample locations of the respective constituent picture of the projected picture, as specified in subclause
7.5.1.3. Otherwise, the constituent picture of the projected picture is identical to the projected picture.

—  The sample locations of a constituent picture the projected picture are converted to sphere coordinates that are relative
to local coordinate axes, as specified for the omnidirectional projection format being used in subclause 5.2. The

[ 1 1 1 ot L ok <l rotacl e = 17k
TCOUTUTTY odlTIPIT TULALIUTTO LUTTUOPUUINTU U A oPJTICTT UTULUTT UTPUTLITU TIT T TyurTc L TJ.

- If rotation is indicated, the sphere coordinates relative to the local coordinate axes are converted to sphere cpordinates
relative to the global coordinate axes as specified in subclause 5.3. Otherwise, the global coordinaté axes arg identical
to the local coordinate axes.

—

he overall process for mapping of luma sample locations within a decoded picture to sphere-caordinates relafive to the
global coordinate axes is normatively specified in subclause 7.5.1.2.

75.1.2 Mapping of luma sample locations within a decoded picture to sphere-coordinates relative|to the
global coordinate axes

Tlhis clause specifies the semantics of luma sample locations within a decoded-piCture to sphere coordinates relative to the
global coordinate axes. The decoded picture may be of any of the following:

- For video, the decoded picture is the decoding output resulting frem.a sample of the video track.

< Foran image item, the decoded picture is a reconstructed image of the image item.

o

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

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

- For each sample location (xPackedPicture, yPackedPicture) belonging to the n-th packed region with PackingType[n]
equal to O (i.e., with rectangular region-wise packing), the following applies:

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

X is set equal to xPackedPicture — PackedRegLeft[n].
— yisset equal toyPackedPicture — PackedRegTop[n].

— Subclausé_5.4.2 is invoked with x, y, PackedRegWidth[n], PackedRegHeight[n], ProjRegWidth[n],
ProjRegHeight[n], TransformType[n], offsetX, and offsetY as inputs, and the output is assigned|to sample
location (hPos, VP0s).

— «XProjPicture is set equal to ProjRegLeft[n] + hPos.

= When SideBySideFlag is equal to 0, and when xProjPicture is greater than or [equal to
proj picture width, XProjPicture is set equal to xProjPicture — proj picture width.

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

—  When ProjRegLeft[n] is less than proj picture width/2 and xProjPicture is greater than or
equal to proj picture width/2, XProjPicture is set equal to
XProjPicture —proj picture width/2.

—  When ProjRegLeft[n] is greater than or equal to proj picture width/2 and xProjPicture is
greater than or equal to proj picture width, xProjPicture is set equal to
XProjPicture — proj picture width/2.

— yProjPicture is set equal to ProjRegTop[n] + vPos.

— Subclause 7.5.1.3 is invoked with xProjPicture, yProjPicture, ConstituentPicWidth, and ConstituentPicHeight
as inputs, and the outputs indicating the sphere coordinates and the constituent frame index (for frame-packed
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stereoscopic video) for the luma sample location (xPackedPicture, yPackedPicture) belonging to the n-th packed
region in the decoded picture.

Otherwise (RegionWisePackingFlag is equal to 0), the following applies for each sample location (x, y) within the decoded

picture:

—  XxProjPicture is set equal to x + offsetX.

— yProjPicture is set equal to y + offsetY.

— Subclause 7.5.1.3 is invoked with xProjPicture, yProjPicture, ConstituentPicWidth, and ConstituentPicHeight as

inpu
sterg

7.5.1.3

Inputs to

— theq
yPrd

—  pictyreWidth and pictureHeight, which are the width and height, respectively, of a menescopic projected luma picturg

in re

NOTE1 1
packed pic

Outputs g
— sphe

— whe
1.

NOTE 2
view as sp

The outpy

- If xH
follg

—  Othe
— Dep

ts, and the outputs indicating the sphere coordinates and the constituent frame index (for frame-packed
oscopic video) for the sample location (x, y) within the decoded picture.

Conversion from a sample location in a projected picture to sphere coordinates relative to,the
global coordinate axes

his process are

o

entre point of a sample location (xProjPicture, yProjPicture) within a projected picture; where xProjPicture an
jPicture are in relative projected picture sample units and may have non-integer real‘values, and

lative projected picture sample units.

[he projected picture for which the sample location (xProjPicture, yProjPicture) is given as input could be a spatially frame
fure.

f this process are:
re coordinates (azimuthGlobal, elevationGlobal), in units of.degrees relative to the global coordinate axes, and

n SpatiallyPackedStereoFlag is equal to 1, the index of\the constituent picture (constituentPicture) equal to 0

=

[Vhen the temporal interleaving packing arrangement-is in use, the projected picture is associated with the left view or right
cified in subclause 7.1.10.

ts are derived with the following ordered steps:

@D

rojPicture is greater than or equakto pictureWidth or yProjPicture is greater than or equal to pictureHeight, th
wing applies:

constituentPicture is set.equal to 1.

If xProjPicture is greater than or equal to pictureWidth, xProjPicture is set to xProjPicture — pictureWidth.
If yProjPicture-is.greater than or equal to pictureHeight, yProjPicture is set to yProjPicture — pictureHeight.
rwise, constituentPicture is set equal to 0.

endingen the projection format, the following applies:

When the projection format is the equirectangular projection, subclause 5.2.2 is invoked with pictureWidth

pictureHeight, xProjPicture, and yProjPicture as inputs, and the output is assigned to azimuthLocal,
elevationLocal.

When the projection format is the cubemap projection, subclause 5.2.3 is invoked with pictureWidth,
pictureHeight, xProjPicture, and yProjPicture as inputs, and the output is assigned to azimuthLocal,
elevantionLocal.

- If RotationFlag is equal to 1, subclause 5.3 is invoked with azimuthLocal, elevantionLocal, rotation yaw + 2,

rot

ation pitch+2% and rotation roll + 2% asinputs, and the output is assigned to azimuthGlobal and

elevationGlobal.

—  Otherwise, azimuthGlobal is set equal to azimuthLocal and elevationGlobal is set equal to elevationLocal.

40
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Projection format structure

7.5.2.1 Syntax

aligned(8) class ProjectionFormatStruct () {
bit (3) reserved = 0;
unsigned int(5) projection type;

7.5.2.2 Semantics

(28]

(20 Y Oz

=

.5.3

5.3

projection_type indicates the type of the mapping of the projected picture onto the spherical coordingte system

as specified in subclause 5.1. The values of projection type and their semantics are specified in [Table 8.

Region-wise packing structure

.1 Definition

egionWisePackingStruct specifies the mapping between packed regions and the respective projected rggions and
pecifies the location and size of the guard bands, if any.

OTE Among other information the RegionWisePackingStruct also providesithe content coverage informatiof in the 2D
artesian picture domain.

decoded picture in the semantics of this clause is either one of the following depending on the container for this syntax
ructure:

For video, the decoded picture is the decoding output resulting from a sample of the video track.

For an image item, the decoded picture is a reconstructed image of the image item.

he content of RegionWisePackingStruct is informatively summarized below, while the normative emantics
bllow subsequently in this clause:

The width and height of the projected~picture are explicitly signalled with proj picture wildth and
proj picture height, respectively.

The width and height of the packed picture are explicitly signalled with packed picture width and
packed picture height,respectively.

When the projected picture)is stereoscopic and has the top-bottom or side-by-side frame packing arrgngement,
constituent pictuze matching flag equal to 1 specifies that

— the projected-region information, packed region information, and guard band region information in this syntax
structure apply individually to each constituent picture,

— the packed picture and the projected picture have the same stereoscopic frame packing format, and

— _‘the’/number of projected regions and packed regions is double of that indicated by the value of num fegions
in the syntax structure.

RegionWisePackingStruct contains a loop, in which a loop entry corresponds to the respective|projected

regions and packed regions in both constituent pictures (when constituent picture matching flag
equal to 1) or to a projected region and the respective packed region (when
constituent picture matching flag equal to 0), and the loop entry the contains the following:

— aflag indicating the presence of guard bands for the packed region,
— the packing type (however, only rectangular region-wise packing is specified in this document),

— the mapping between a projected region and the respective packed region in the rectangular region packing
structure RectRegionPacking (1),

— when guard bands are present, the guard band structure for the packed region GuardBand (1) .
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The content of the rectangular region packing structure RectRegionPacking (i) is informatively summarized below,
while the normative semantics follow subsequently in this clause:

The contgnt of the guard band structure GuardBand (i) is informatively summarized below, while the normatiy
semanticq follow subsequently in subclause 7.5.3:

Figure 18|illustrates an example of the position and size of a projected region withinma projected picture (on the left sidg
as well as|that of a packed region within a packed picture with guard bands (on _the right side). This example applies whe
the value pf constituent picture matching flagisequal to 0.

Subclausd 7.53%s organized as follows:

42

proj reg width[i], proj reg height[i], proj reg topli], and proj reg left[i] specify
the width, height, top offset, and left offset, respectively, of the i-th projected region.

transform type[i] specifies the rotation and mirroring, if any, that are applied to the i-th packed region to
remap it to the i-th projected region.

packed reg width[i], packed reg height[i], packed reg toplil], and
. . . - ] ) -~ . ed

[¢)

leflt gb width[i], right gb width[i], top gb height[i], orbottom gb hedght[i] specifly
the guard band size on the left side of, the right side of, above, or below, respectively, the i-th packed region.

gb |not used for pred flag[i] indicates if the encoding was constrained in a manner that guards band
are not used as a reference in the inter prediction process.

w

gb_|type [1] [J] specifies the type of the guard bands for the i-th packed region;

~

=]

proj_reg_topli] proj_picture_height _
packed_reg_topli]
proj_reg_left[i] paCked—reg—leﬂ[i] top_gb_heightfi] I
5 {
EI packed_reg_height]i]
i'.)’ left_gb_width[i] right_gb_widthl[i]
| /1 AN
B . 5
o} L4 ~
bottom_gb_height]i] |
ey packed_reg_width[i]
proj_reg_width[i]

proj_picture-width

Figure 18 “Projected region and the corresponding packed region with guard bands (informative)

The lsyntax and semantics of the rectangular region packing structure are specified in subclauses 7532 and 753 8
respectively.

The syntax and semantics of the guard band structure are specified in subclauses 7.5.3.4 and 7.5.3.5, respectively.

The syntax and semantics of the region-wise packing structure are specified in subclauses 7.5.3.6 and 7.5.3.7,
respectively.

Subclause 7.5.3.8 derives variables from syntax element values of the rectangular region packing, guard band, region-

wise packing structures. Subclause 7.5.3.8 also uses the variables to specify constraints for the syntax element values.
The variables are also used in other clauses.
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aligned(8) class RectRegionPacking (i)
unsigned int (32) proj reg width[i]
unsigned int (32) [1
unsigned int(32) proj reg topl[i];
unsigned int (32)

ISO/IEC 23090-2:2019(E)

Syntax of the rectangular region packing structure

{
17

proj reg height

proj reg left[i];

unsigned int (3) transform typeli];
bit (5) reserved = 0;
unsigned int (16) packed reg width[i];

75.3.3

=z

OTE1

@D

NOTE 2

UMSTONed Tt (I 6 Packed TEe9 et grt iy
unsigned int (16) packed reg topl[i];
unsigned int (16) packed reg left[i];

in a packed picture to a sample location of a projected region in a projected picture.

Semantics of the rectangular region packing structure

proj reg width([i], proj reg height[i], proj reg topl[il, and pxo) reg left[i]] specify

the width, height, top offset, and left offset, respectively, of the i-th projected region, either within the[projected
picture (when constituent picture matching flag isequal to @)0rwithin the constituent|picture of
the projected picture (when constituent picture matehing flag is equal| to 1).
proj reg width([i], proj reg height[i], proj reg top{i] and proj reg leff[i] are
indicated in relative projected picture sample units.

Two projected regions could partially or entirely overlap with each‘ther. When there is an indication of quality|difference,

g., by a region-wise quality ranking indication, then for the overlapping afea)of any two overlapping projected regions, fthe packed
ré¢gion corresponding to the projected region that is indicated to have higherquality is expected to be used for rendering.

transform type[i] specifies the rotation and mirroring that is applied to the i-th packed region to rémap it to

the i-th projected region. When transform typédi] specifies both rotation and mirroring, rotationlis applied
before mirroring for converting sample locations of a packed region to sample locations of a projected rggion. The
following values are specified:

0: no transform

: mirroring horizontally

: rotation by 180 degrees.(¢ounter-clockwise)

: rotation by 180 degrees (counter-clockwise) before mirroring horizontally
: rotation by 90 degrees (counter-clockwise) before mirroring horizontally
: rotation’by-90 degrees (counter-clockwise)

: rqtation by 270 degrees (counter-clockwise) before mirroring horizontally

~ o O A W N

srotation by 270 degrees (counter-clockwise)

Subclause 5.4.2 specifies the semantics of transform type [1] for converting a sample location of a pagked region

packed reg width[il, packed reg height[il], packed reg toplil, and

NOTE 3

packed reg left[i] specify the width, height, the offset, and the left offset, respectively, of the i-th packed
region, either within the packed picture (when constituent picture matching flag isequal to 0)or
within each constituent picture of the packed picture (when constituent picture matching flag is
equal to 1). packed reg width[i], packed reg height[i], packed reg top[i], and
packed reg left([i] are indicated in relative packed picture sample units. packed reg width[i],
packed reg height[i], packed reg top[i], and packed reg left[i] shall represent integer
horizontal and vertical coordinates of luma sample units within the decoded pictures.

Two packed regions could partially or entirely overlap with each other.
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7.5.3.4 Syntax of the guard band structure

aligned(8) class GuardBand (i) {

7.5.3.5 [Semantics of the guard band structure

NOTE 1 When gb_not used for pred, flag[i] isequal to 1, the sample values within guard bands in decoded pictur
could be rewritten even if the decoded pictures were used as references for inter prediction of subsequent pictures to be decoded. F
example, the content of a packed region(could be seamlessly expanded to its guard band with decoded and re-projected samples
another pagked region.

unsigned int(8) left gb width[i];
unsigned int(8) right gb width[i];
unsigned int(8) top gb height[i];
unsigned int (8) bottom gb height[i];
unsigned int(l) gb not used for pred flagl[i];
for (3 = 0; j < 4; j++)
unsigned int (3) gb typel[i] [J];

bit (3 r—Teservedt—"03

8
8
1

left gb width[i] specifies the width of the guard band on the left side of the i-th packed region in relatiy
packed picture sample units. When the decoded picture has 4:2:0 or 4:2:2 chroma format, le££ \gb width[i]]
ghall correspond to an even number of luma samples within the decoded picture.

[

[¢]

right gb width[i] specifies the width of the guard band on the right side of the i-th-'packed region in relatiy
packed picture sample units. When the decoded picture has 4:2:0 or 4:2:2 chroma format, right gb width|
ghall correspond to an even number of luma samples within the decoded picture:

=

top|[gb height [i] specifies the height of the guard band above the i-th packed region in relative packed picturfe
gample units. When the decoded picture has 4:2:0 chroma format, top {gb _height [i] shall correspond to gn
gven number of luma samples within the decoded picture.

bottom gb height[i] specifies the height of the guard band below the i-th packed region in relative pack
pgicture sample units. When the decoded picture has 4:2:0 chroma format, bottom gb height[i] sh
gorrespond to an even number of luma samples within the.decoded picture.

When GuardBand (i) is present, at least one ;0f left gb width[i], right gb width[i],
top_gb height[i],orbottom gb height{i] shall be greater than 0.

=

gb mot used for pred flagl[i] equaltoO-specifies that the guard bands may or may not be used in the int
grediction process. gb_not used for(pred flag[i] equal to 1 specifies that the sample values of tff
guard bands are not used in the inter prediction process.

[¢)

(2]

- =

gb_typel[i] [Jj] specifies-the type of the guard bands for the i-th packed region as follows, with j equal to 0, 1, 2
or 3 indicating thatthe semantics below apply to the left, right, top, or bottom edge, respectively, of the packe
region:

[oT)

@D

gb bype (1] [J] equal to O specifies that the content of the guard bands in relation to the content of th
packed regions is unspecified. When gb not used for pred flag[i] is equal to 0,
gb type[i] [J] shall not be equal to O.

- gb_typel1][Jj] equalto I Specifies that the Content of the guard bands SUTTICES Tor Interpolation of sub-
pixel values within the packed region and less than one pixel outside of the boundary of the packed region.

NOTE 2 gb_type[i] [J] equal to 1 could be used when the boundary samples of a packed region have been copied horizontally
or vertically to the guard band.

44

- gb typel[i] [j] equal to 2 specifies that the content of the guard bands represents actual picture content
that is spherically adjacent to the content in the packed region and is on the surface of the packed region at
quality that gradually changes from the picture quality of the packed region to that of the spherically adjacent
packed region.
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- gb _typeli] [J] equal to 3 specifies that the content of the guard bands represents actual picture content
that is spherically adjacent to the content in the packed region and is on the surface of the packed region at
the picture quality of the packed region.

- gb typel[i] [J] values greater than 3 are reserved.

7.5.3.6  Syntax the region-wise packing structure

aligned(8) class RegionWisePackingStruct () {
unsigned int (1) constituent picture matching flag;
bit (/) reserved = 0y
unsigned int(8) num regions;
unsigned int (32) proj picture width;
unsigned int (32) proj picture height;
unsigned int (16) packed picture width;
unsigned int (16) packed picture height;
for (1 = 0; i < num regions; i++) {
bit (3) reserved = 0;
unsigned int (1) guard band flag[i];
unsigned int (4) packing typel[i];
if (packing typel[i] == 0) {
RectRegionPacking (1) ;
if (guard band flag[i])
GuardBand (i) ;

7.5.3.7 Semantics of the region-wise packing structure

constituent picture matching flag_séqual to 1 specifies that the projected region informatign, packed
region information, and guard band regiof’information in this syntax structure apply individually to each
constituent picture and that the packed picture and the projected picture have the same stereoscopic franfe packing
format. constituent picture*matching flag equal to 0 specifies that the projected region
information, packed region information, and guard band region information in this syntax structure agply to the
projected picture. When SpatiallyPackedStereoFlag is equal t 0,
constituent picture. matching flag shall be equal to 0.

=z

OTE 1 For the stereoscopic-eontent that uses equivalent region-wise packing for the constituent pictures, setting thig flag equal
1 allows more compact signalling-of region-wise packing information.

—

num_regions specifies the number of packed regions when constituent picture matching| flag is
equal to 0. Malue O is reserved. When constituent picture matching flag isequal to 1, the total
number of packed regions is equal to 2 * num regions and the information in RectRegionPacking (1)
and GuardBand (i) applies to each constituent picture of the projected picture and the packed picturg.

projupdcture width and proj picture height specify the width and height, respectively, of the
projected picture, in relative projected picture sample units. proj picture width and
proj picture height shall both be greater than 0.

NOTE 2 The same sampling grid, width and height are used for the luma sample array and the chroma sample arrays of the
projected picture.

packed picture width and packed picture height specify the width and height, respectively, of the
packed picture, in relative packed picture sample units. packed picture width and
packed picture height shall both be greater than 0.

guard band flag[i] equal to O specifies that the i-th packed region has no guard bands.
guard band flag[i] equalto 1 specifies that the i-th packed region has at least one guard band.

packing type([i] specifies the type of region-wise packing. The values of packing type[i] and their
semantics are specified in Table 9.
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Rec

Gua

7.5.3.8

When the[T

specified
constitue

RegionWfisePackingStruct shall not overlap with any guard band specified by (the” sam
RegionWisePackingStruct.

The guard bands associated with the i-th packed region, if any, as specified by this RegionWisePackingStruct sha
not overlap with any packed region specified by the same RegionWisePackingStruct or any other guard bang

specified

NOTE

projected regions, e.g., by a region-wise quality ranking indication, the packed region that is indicatedto have the highest quality amor{g
the packed|regions corresponding to the projected regions that overlap should be used for renderingthe overlapping area.

The varjables NumRegions, PackedRegLeft[n], PackedRegTop[n], PackedRegWidth[n], PackedRegHeight[n]
ProjRegLEft[n], ProjRegTop[n], ProjRegWidth[n], ProjRegHeight[n], TrasnformType[n], PackingType[n] are derived §

follows:

46

For

If c

Oth

tRegionPacking (i) specifies the region-wise packing between the i-th packed region and the i-th projected
region. The syntax and semantics of RectRegionPacking (i) are specified in subclauses 7.5.3.2 and 7.5.3.3,
respectively.

rdBand (i) specifies the guard bands for the i-th packed region. The syntax and semantics of GuardBand (i)
are specified in subclauses 7.5.3.4 and 7.5.3.5, respectively.

Derivation of region-wise packing variables and constraints for the syntax elements of the region-
wise packing structure

by the same RegionWisePackingStruct, the i-th and j-th projected regions shall reside in different
t pictures for any values of i and j that are not equal to each other. The i-th packed region as specifiech\Dy th

D »n

U -

by the same RegionWisePackingStruct.

Rrojected regions are allowed to overlap. When projected regions overlap and a quality difference is indicated between t

@D

w

N in the range of 0 to num_regions — 1, inclusive, the following applies:
PackedRegLeft[n] is set equal to packed reg leftin].
PackedRegTop[n] is set equal to packed reg &6ép[n].
PackedRegWidth[n] is set equal to packed®xég width[n].
PackedRegHeight[n] is set equal to packed reg height[n].
ProjRegLeft[n] is set equal t0 prnoj- reg left[n].
ProjRegTop[n] is set equal toxproj reg top([n].
ProjRegWidth[n] is set'equal to proj reg width[n].
ProjRegHeight[n]iis’set equal to proj reg height[n].
TransformType[n] is set equal to transform type[n].
PackingType[n] is set equal to packing type[n].

pstituent picture matching flag isequal to 0, the following applies:

NumRegions is set equal to num regions.
erwise (constituent picture matching flag isequal to 1), the following applies:
NumRegions is set equal to 2 * num regions.
When TopBottomFlag is equal to 1, the following applies:
—  projLeftOffset and packedLeftOffset are both set equal to 0.

— projTopOffset is set equal to proj picture height/2 and packedTopOffset is set equal to
packed picture height/2.
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— When SideBySideFlag is equal to 1, the following applies:

— projLeftOffset is set equal to proj picture width/2 and packedLeftOffset is set equal to
packed picture width/2.

— projTopOffset and packedTopOffset are both set equal to 0.
— For nin the range of NumRegions / 2 to NumRegions — 1, inclusive, the following applies:

— nldx is set equal to n — NumRegions / 2.

0 T

molinn|

— PackedRegLeft[n] is set equal to packed reg left [nldx] + packedLeftOffset.
— PackedRegTop[n] is set equal to packed reg top [nldx] + packedTopOffset.
— PackedRegWidth[n] is set equal to packed reg width [nldx].

— PackedRegHeight[n] is set equal to packed reg height [nldx].

— ProjRegLeft[n] is set equal to proj reg left [nldx] + projLeftOffset,

— ProjRegTop[n] is set equal to proj reg top[nldx] + projTopOffset.

— ProjRegWidth[n] is set equal to proj reg width[nldx].

— ProjRegHeight[n] is set equal to proj reg height [nldx].

— TransformType[n] is set equal to transform_type Fnldx].

— PackingType[n] is set equal to packing typelpnldx].

or each value of n in the range of 0 to NumRegions —I{.inclusive, the values of ProjRegWidth[n], ProjRegHeight[n],
rojRegTop[n], and ProjRegLeft[n] are constrained as _follows:

ProjRegWidth[n] shall be in the range of 1 toproj picture width, inclusive.
ProjRegHeight[n] shall be in the range. of I'to proj picture height, inclusive.
ProjRegLeft[n] shall be in the range 0f 0 to proj picture width —1, inclusive.
ProjRegTop[n] shall be in the'range of 0 to proj picture height — 1, inclusive.

If ProjRegTop[n] i~ less than proj picture height/VerDivl, the sum of ProjRegTop[n] and
ProjRegHeight[n] shall-be less than or equal to proj picture height /VerDivl. Otherwise, the sum of
ProjRegTop[n] and-FrojRegHeight[n] shall be less than or equal to proj picture height /VerDivl* 2.

or each value of i ihthe range of 0 to NumRegions — 1, inclusive, the values of PackedRegWidth[n], PackedRegHeight[n],
ackedRegTop[nl;-and PackedRegLeft[n] are constrained as follows:

PackedRegWidth[n] shall be in the range of 1 to packed picture width, inclusive.

RackedRegHeight[n] shall be in the range of 1 to packed picture height, inclusive.

PackedRegteftintstattbe-intherangeof 6-to packed picture width—i; inctusive:
PackedRegTop[n] shall be in the range of 0 t0 packed picture height — 1, inclusive.

If PackedRegLeft[n] is less than packed picture width/HorDivl, the sum of PackedRegLeft[n] and
PackedRegWidth[n] shall be less than or equal to packed picture width/HorDivl. Otherwise, the sum of
PackedRegLeft[n] and PackedRegWidth[n] shall be less than or equal to packed picture width/HorDivl * 2.

If PackedRegTop[n] is less than packed picture height /VerDivl, the sum of PackedRegTop[n] and
PackedRegHeight[n] shall be less than or equal to packed picture height /VerDivl. Otherwise, the sum of
PackedRegTop[n] and PackedRegHeight[n] shall be less than or equal to
packed picture height /VerDivl * 2.
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- When the decoded picture has 4:2:0 or 4:2:2 chroma format, PackedRegLeft[n] shall correspond to an even horizontal
coordinate value of luma sample units, and PackedRegWidth[n] shall correspond to an even number of luma samples,
both within the decoded picture.

- When the decoded picture has 4:2:0 chroma format, PackedRegTop[n] shall correspond to an even vertical coordinate
value of luma sample units, and ProjRegHeight[n] shall correspond to an even number of luma samples, both within
the decoded picture.

754

7541

The fieldd in this structure provides the yaw, pitch, and roll angles, respectively, of the rotation to be applied to convert th
local coofdinate axes to the global coordinate axes. In the case of stereoscopic omnidirectional video, the fields apply t
each view individually.

7.54.2

aligne

sigped int (32) rotation yaw;
sigped int (32) rotation pitch;
sigped int (32) rotation roll;

7543

rotatjon yaw, rotation pitch, and rotation roll specify.the yaw, pitch, and roll angles, respectively, g

the

units of 272 degrees, relative to the global coordinate axes. rogation yaw shall be in the range of —180 * 26 {
180*2'¢ 1, inclusive. rotation pitch shall be sifi“the range of —90*2' to 90 * 2%, inclusivg.
rotation roll shall be in the range of —180 * 2 t0 180 * 21¢ — 1, inclusive.

755

7.5.5.1

The fieldg in this structure provides the content'coverage, which is expressed by one or more sphere regions covered hy

the conte

7.5.5.2

aligne
uns
uns
uns
if

for

48

Content coverage structure

it 5) reserved = 0;
} el

bttt r——Teservedt—03

Rotation structure

Definition

o

Syntax

i (8) class RotationStruct () {

Semantics

f
rotation that is applied to the unit sphere to convert the local coordinate axes to the global coordinate axes, in
o

Definition
nt, relative to the global coordinatelaxes.

Syntax

i (8) class ConteritCoverageStruct () {
lgned int (8) _&overage shape type;
lgned int (89\slum regions;

1gned intl) view idc presence flag;
view id¢'presence flag == 0)
insigned int (2) default view idc;

se

(i =0; 1 < num regions; i++) {
if (view_idc presence flag == 1) {
unsigned int(2) view idc[i];

bit (6) reserved = 0;
}
SphereRegionStruct (1) ;
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7.5.5.3 Semantics

coverage shape type specifies the shape of the sphere regions expressing the content coverage.
coverage shape type has the same semantics as shape type specified in subclause 7.7.2.3. The value of
coverage shape type is used as the shape type value when applying subclause 7.5.6 to the semantics of

ContentCoverageStruct.
num_regions specifies the number of sphere regions. Value 0 is reserved.

view idc presence flag equal to 0 specifies that view idc[i] is not

Ziew—id B no £1 G Clqll:ll ta 1 cpnr\ifiac that <21 w14 = is prncanf and indicates the asso

present.
ciation of

spherg regioﬁs with particﬁlar (left, right, or both) views.

on the left view of a stereoscopic content, 2 indicates that each sphere region is on the right view-of a ste
content, 3 indicates that each sphere region is on both the left and right views.

view idc[1i] equal to 1 indicates that the i-th sphere region is on the left view of a steréescopic content, 2

both the left and right views. view idc[1i] equal to O is reserved.

b

OTE view idc presence flag equal to 1 enables indicating asymmetric steregScopic coverage. For example, o

==

fe azimuth range of —60 to 60°, inclusive.

interpolate shall be equal to 0.

The content coverage is specified by the union of num regions SphereRegionStruct (1) structure
num_regions is greater than 1, the content coverage may be non-contiguous.

7.5.6  Sphere region structure

.5.6.1  Definition
he sphere region structure (SphereRegionStruct) specifies a sphere region.

=~

<

Vhen centre tilt isequal to Q, the sphere region specified by this structure is derived as follows:

- Ifboth azimuth range and elevation range are equal to 0, the sphere region specified by this s
a point on a spherical surface.

- Otherwise, the sphere region is defined using variables centreAzimuth, centreElevation, cAzimuthl,
cElevationl, and cElevation2 derived as follows:

centreAzimuth = centre azimuth + 65536

centreElevation = centre elevation + 65536

cAzimuthl = (centre azimuth-azimuth range +2)+ 65536
CAzimuth2 = (centre azimuth+azimuth range +2)+ 65536

default view idc equal to O indicates that each sphere region is monoscopic, 1 indicates that each spher¢ region is

reoscopic

indicates

the i-th sphere region is on the right view of a stereoscopic content, and 3 indicates that the i-th sphere region is on

e example

f an asymmetric stereoscopic coverage could be described by setting num regions.gqualto 2, indicating one sphere regipn to be on
fhe left view covering the azimuth range of —90° to 90°, inclusive, and indicating the dther sphere region to be on the right vielv covering

When SphereRegionStruct (1) isincluded in the ContentCoverageStruct (), subclause 7.5.6 applies and

s). When

ructure is

Azimuth,

cElevationl =( ntr levation levation ranc =2\ = gEE3Q[
AV = 7

cElevation2 = ( centre:elevation + elevation:range +2)+65536

The sphere region is defined as follows with reference to the shape type value specified in the semantics of the structure

containing this instance of SphereRegionStruct:

—  When the shape type value is equal to 0, the sphere region is specified by four great circles defined by four points
cAzimuthl, cAzimuth2, cElevationl, cElevation2 and the centre point defined by centreAzimuth and centreElevation

and as shown in Figure 20.

—  When the shape type value is equal to 1, the sphere region is specified by two azimuth circles and two elevation circles
defined by four points cAzimuthl, cAzimuth2, cElevationl, cElevation2 and the centre point defined by

centreAzimuth and centreElevation and as shown in Figure 21.
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When centre tilt isnotequal to 0, the sphere region is firstly derived as above and then a tilt rotation is applied 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. The final sphere region is the one
after applying the tilt rotation.

Shape type value equal to 0 specifies that the sphere region is specified by four great circles as illustrated in Figure 20.

-

I (centreAzimuth, centreElevation)

AN

Shape typ
illustrated

Figure 19 — A sphere region specified by four great circles

w

e value equal to 1 specifies that the sphere region is specified’by two azimuth circles and two elevation circles
in Figure 21.

(centreAzimuth, centreElevation)

\ﬁ%‘n{mth 1" \ cAZimuth?
2 ’__.,..-"'f » —

Figure 20 — A sphere region specified by two azimuth circles and two elevation circles

Shape type values greater than 1 are reserved.
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7.5.6.2 Syntax

aligned(8) SphereRegionStruct (range_ included flag) {
signed int (32) centre azimuth;
signed int (32) centre elevation;
signed int (32) centre tilt;
if (range included flag) {
unsigned int (32) azimuth range;
unsigned int(32) elevation range;
}
UIrsTged Tttt Trterpotates
bit (7) reserved = 0;

71.5.6.3  Semantics

centre azimuthand centre elevation specify the azimuth and elevation values; ¥espectively, ofjthe centre
of the sphere region in units of 27%° degrees. centre azimuth shall be in the range of —180 * 216 to
180 * 2% — 1, inclusive. centre elevation shall be in the range of =90 * 228 t6 90 * 21°, inclusive.

centre tilt specifies the tilt angle of the sphere region in units of 27%° degre€s. centre tilt shal| be in the
range of —180 * 216 to 180 * 226 — 1, inclusive.

azimuth range and elevation range, when present, specify the.azimuth and elevation ranges, regpectively,
of the sphere region specified by this structure in units of 27%° degrees. azimuth rahge and
elevation range specify the range through the centre gaint of the sphere region, as illustrated by|Figure 19
or Figure 20. When azimuth range and elevatifon range are not present in this ingtance of
SphereRegionStruct, they are inferred as specifiedyin the semantics of the structure containing this instance
of SphereRegionStruct. azimuth range,shall be in the range of 0 to 360 * 2%, [inclusive.
elevation range shall be in the range of 0t0.180 * 2'¢, inclusive.

The semantics of interpolate are specified by the semantics of the structure containing this irstance of
SphereRegionStruct

1.6 Restricted video schemes for omnidirectional video

~J

.6.1  Scheme types

.6.1.1 Open-ended and-closed scheme types

stvi' scheme type-(stereoscopic video) may be used for a new frame packing arrangement type that is definefl after the
efinition of the “stvi' scheme type. A closed scheme type, on the other hand, when defined, clearly specifies which

7

An open-ended schemetype for a kind of transformation is a scheme type that allows future extensions. For example, the
d

transformations ‘aré allowed and does not allow future extensions.

n

chemeIypeBox allows inclusion of only one scheme type and there may be only one instance of SchemeTypeBox
ncludedrin RestrictedSchemeInfoBox. The scheme type included in SchemeTypeBox shall be an open-ended
Cheme type, i.e., 'podv' or 'fodv'.

[ —D

CompatibleSchemeTypeBox allows inclusion of only one scheme type but there may be multiple instances of
CompatibleSchemeTypeBox included in RestrictedSchemeInfoBox. A closed scheme type shall only be
included in an instance of CompatibleSchemeTypeBox.

An OMAF player that does not recognize the open-ended scheme type in SchemeTypeBox shall ignore the track. An
OMAF player that recognizes the open-ended scheme type in SchemeTypeBox but none of the scheme types in the
instances of CompatibleSchemeTypeBox, if any, should parse all boxes contained in SchemeInformationBox
to determine whether it has the capability required to properly process the track. An OMAF player should ignore the track
unless it supports all boxes contained in SchemeInformationBox and all syntax elements and syntax element values

present in those boxes.
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7.6.1.2 Projected omnidirectional video ("podv ")

The use of the projected omnidirectional video scheme for the restricted video sample entry type 'resv' indicates that
the decoded pictures are packed pictures containing either monoscopic or stereoscopic content. The use of the projected
omnidirectional video scheme is indicated by scheme type equal to 'podv' (projected omnidirectional video) within
SchemeTypeBox inthe RestrictedSchemeInfoBox.

The format of the projected monoscopic pictures is indicated with the ProjectedOmniVideoBox contained within the
SchemeInformationBox. One and only one ProjectedOmniVideoBox shall be present in the
SchemeInformationBox when the scheme type is 'podv'.

The 'podiv' scheme type is defined as an open-ended scheme type for projected omnidirectional video.

As specified in subclause 7.6.2, a ProjectionFormatBox shall be present within the ProjectedOmnividesBox.
ProjectionFormatBox is not constrained beyond the specification in subclause 7.6.2. The 'podv ' schefme type may
be used with all version values specified for ProjectionFormatBox in this document and in any)of its futuy
amendmepts and editions. The 'podv' scheme type may be used with any projection type valugspecified in th
documentand in any of its future amendments and editions.

w @

When thg ProjectedOmnivideoBox is present in the SchemeInformationBox, SferéoVideoBox may he
present infthe same SchemeInformationBox.

For sterepscopic video, the frame packing arrangement of the projected left and right’ pictures is indicated with th
StereoVideoBox contained within the SchemeInformationBox. The absepce of StereovideoBox indicatg
that the gmnidirectionally projected content of the track is monoscopic. Whef)y StereoVideoBox is present in th
SchemenformationBox for the omnidirectional video scheme, versipr) shall be equal to 0, stereo schem
shall be equal to 4 and the first byte of stereo indication type shall'be equal to 3, 4, or 5 indicating that the toy
bottom frame packing, the side-by-side frame packing, or the temporal interleaving of alternating first and secon
constituent frames, respectively, is in use and the second byte of stereo indication type shall be equal to
indicating that quincunx sampling is not in use.

D @ »n @

o Q

NOTE The 'stvi' scheme type is not expected to be used when'the 'podv' scheme type is used.

Optional | region-wise packing is indicated with~ythe RegionWisePackingBox contained within th
ProjectedOmniVideoBox. The absence of RegionWisePackingBox indicates that no region-wise packing
applied, ife., that the packed picture is identical to.the’projected picture.

w @D

RegionlfiisePackingBox is not constrained beyond the specification in subclause 7.6.4. The 'podv' scheme typ
may be uded with all version values specified for RegionWisePackingBox in this document and in any of its future
amendmehts and editions. The 'pedw' scheme type may be used with any values of the syntax elements d
RegionWisePackingBox specified’and allowed in this document and in any of its future amendments and editions.

D

=

In additign to the boxes constrained above, SchemeInformationBox may directly or indirectly contain any boxd
allowed bly this document and-in any of its future amendments and editions. Those boxes are not constrained beyond the
definitionf syntax, and semantics.

- O

7.6.1.3 [ Equirectangular projected video ("erpv"®)

NOTE Thissscheme type could be used for specifying media profiles.

The ' Y eohapan fyvnn 1o dAafinad ac A alacnd cohaman fvnn fFar nrainntnd Amanidirantianal v A
erye SCTICTC Ty pCio Ut Tttt o CTOSCU-SCHTTTIC Ty pCToT P ojCCtC U oo CC U oI vItiT O

When scheme type is equal to 'erpv' in an instance of CompatibleSchemeTypeBox in the
RestrictedSchemeInfoBox, the track conforms to the constraints of scheme type equal to 'podv' with all of
the following additional constraints:

- ProjectionFormatBox withinthe ProjectedOmniVideoBox shall indicate the equirectangular projection.
- When RegionWisePackingBox is present, the following constraints all apply:
—  The value of NumRegions shall be equal to HorDiv1 * VerDiv1.

— For each value of i in the range of 0 to NumRegions — 1, inclusive, the following applies:
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—  The value of PackingType[i] shall be equal to 0.

—  The value of TransformType[i] shall be equal to 0.

—  The value of PackedRegWidth[i] shall be equal to ProjRegWidth[i].
—  The value of PackedRegHeight[i] shall be equal to ProjRegHeight][i].

- version of ProjectionFormatBox, StereoVideoBox (when present), RegionWisePackingBox
(when present), RotationBox (when present), and CoverageInformationBox (when present) shall be equal
to 0.

4 SchemeInformationBox shall not directly or indirectly contain any boxes NoOthHer than
ProjectedOmniVideoBox, ProjectionFormatBox, StereoVideoBox, RegionWigePackingBox,
RotationBox, and CoverageInformationBox.

7.6.1.4 Packed equirectangular or cubemap projected video ("ercm”)

=z

OTE This scheme type could be used for specifying media profiles.
he "ercm' scheme type is defined as a closed scheme type for projected omnidirectional video.

Vhen scheme type is equal to 'ercm' in an instance of CempatibleSchemeTypeBox in the
estrictedSchemeInfoBox, the track conforms to the constraints “of scheme type equal to |'podv',
cheme type equal to 'podv' shall be presentin SchemeTypeBox,inthe RestrictedSchemeInfoBgx, and all
f the following additional constraints apply:

O nn ¥ <

4 ProjectionFormatBox within the ProjectedOmniVideoBox shall indicate either the equir¢ctangular
projection or the cubemap projection.

4 When RegionWisePackingBox is present, the value of packing type[i] for each value of i shall be equal
to 0.

4 version of ProjectionFormatBox, StereoVideoBox (when present), RegionWisePackingBox
(when present), RotationBox (when present), and CoverageInformationBox (when present) shall be equal
to 0.

4 SchemelInformationBox shal® not directly or indirectly contain any boxes other than
ProjectedOmniVideoBox, ProjectionFormatBox, StereoVideoBox, RegionWisePacKingBox,
RotationBox, and CovekageInformationBox.

.6.1.5 Fisheye omnidirectional video (" fodv ")

he use of the fisheye‘omnidirectional video scheme for the restricted video sample entry type 'resv' indicatgs that the
ecoded pictures are-fisheye video pictures. The use of the fisheye omnidirectional video scheme is indicated by
cheme type&lequal to 'fodv' (fisheye omnidirectional video) within SchemeTypeBox| in the
estrictedSchemeInfoBox.

0o 9 - =~

—

he format of fisheye video is indicated with the FisheyeOmnivideoBox contained within the
chémeInformationBox. One and only one FisheyeOmniVideoBox shall be present| in the
chémeInformationBox when the scheme type is 'fodv' within SchemeTypeBox [ in the
RestrictedSchemeInfoBox.

W

The ' fodv' scheme type is defined as an open-ended scheme type for fisheye omnidirectional video.

The ' fodv' scheme type may be used with all version values specified for FisheyeVideoEssentialInfoBox
and FisheyeVideoSupplementalInfoBox in this document and in any of its future amendments and editions. The
' fodv' scheme type may be used with any values of syntax elements of FisheyeOmnivideoBox allowed in this
document and in any of its future amendments and editions.

When FisheyeOmniVideoBox is present in the SchemeInformationBox, StereoVideoBox shall not be
present in the same SchemeInformationBox.
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In addition to the boxes constrained above, SchemeInformationBox may directly or indirectly contain any boxes
allowed by this document and in any of its future amendments and editions. Those boxes are not constrained beyond their
definition, syntax, and semantics.

7.6.2  Projected omnidirectional video box

7.6.2.1 Definition

Box Type: 'povd'

Container: SchemeInformationBox

Mandatory: Yes, when scheme type is equal to 'podv'

Quantity: Zero or one

This box |s a container box that contains boxes indicating information for the following:

— the projection format of the projected picture (C for monoscopic video contained in the track, C. and\€k for left and
right view of stereoscopic video),

— region-wise packing, when applicable,

— the notation for conversion between the local coordinate axes and the global coordinate‘axes, if applied, and

— optignally the content coverage of the track.

The valugs of the variables HorDiv1 and VerDiv1 are set as follows:

- If StereovideoBox is not present in SchemeInformationBoxAlorDivl is set equal to 1 and VerDivl is sgt
equgl to 1.

- Othgrwise (StereovVideoBox is present in Scheme InformationBox), the following applies:
— | If side-by-side frame packing is indicated, HorDiv1 is\sét'equal to 2 and VerDivl is set equal to 1.
— | Otherwise if top-bottom frame packing is indicated;-HorDiv1 is set equal to 1 and VerDiv1 is set equal to 2.
— | Otherwise (temporal interleaving is indicated),HorDiv1 and VerDiv1 are both set equal to 1.

If RotatfionBox isnotpresentin ProjectedOmnnrivVideoBox, RotationFlag is set equal to 0. Otherwise, RotationFlag

is set equal to 1.

If SterdovideoBox is not present in-Scheme InformationBox, SpatiallyPackedStereoFlag, TopBottomFlag, and

SideBySifleFlag are set equal to 0. Otherwise, the following applies:

- When the StereovideoBox indicates top-bottom frame packing, SpatiallyPackedStereoFlag is set equal to 1,
TopBottomFlag is set equal-to 1, and SideBySideFlag is set equal to 0.

- Whdgn the stereoVideoBox indicates side-by-side frame packing, SpatiallyPackedStereoFlag is set equal to 1,
TopBottomFlag is;set equal to 0, and SideBySideFlag is set equal to 1.

- Whan the StereovideoBox indicates temporal interleaving, SpatiallyPackedStereoFlag, TopBottomFlag, and
SideBySideFlag are all set equal to 0.

The follo ling appline'

- The width and height of a monoscopic projected luma picture (ConstituentPicWidth and ConstituentPicHeight,

54

respectively) are derived as follows:

If R

If RegionWisePackingBox is not present in ProjectedOmniVideoBox, ConstituentPicWidth and
ConstituentPicHeight are set to be equal to width /HorDivl and height /VerDivl, respectively, where
width and height are syntax elements of VisualSampleEntry.

Otherwise, ConstituentPicWidth and ConstituentPicHeight are set equal to
proj picture width/HorDivland proj picture height / VerDivl, respectively.

egionWisePackingBox is not present in ProjectedOmnivVideoBox, RegionWisePackingFlag is set

equal to 0. Otherwise, RegionWisePackingFlag is set equal to 1.
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- The semantics of the sample locations of each decoded picture resulting by decoding the samples referring to this
sample entry are specified in subclause 7.5.1.2.

7.6.2.2 Syntax

aligned(8) class ProjectedOmnivVideoBox extends Box ('povd') {
ProjectionFormatBox (); // mandatory
// optional boxes but no fields

TIgned (8 CrassS PrOJECCIONTFOrMarBoOX () EXCeNnds FULIBOXR Py, O, O ¢
ProjectionFormatStruct () ;

7.6.3  Fisheye omnidirectional video box

7.6.3.1  Definition

Box Type: 'fovd'

CGontainer: SchemeInformationBox

Nandatory: Yes, when scheme type isequal to ' fodv'
Quantity: Zero or one

i

isheyeOmnivideoBox provides essential fisheye video parameters for stitching and rendering of fisheyg video at
p:[e OMAF player. The fields in FisheyeOmnivideoBox providesegion information of circular images in|the coded
i

[=3

icture and field of view and camera parameters of fisheye lens. FisheyevVideoSupplemental InfoBox provides
the local field of view information for high quality stitching and refdering of fisheye video, as well as deadzone information.

716.3.2  Syntax

Q

ligned(8) class FisheyeOmniVideoBox.extends Box ('fovd') ({
FisheyeVideoEssentialInfoBox () ; V% mandatory
FisheyeVideoSupplementalInfoBpex (); // optional

Q

ligned(8) class FisheyeVideoEssentialInfoBox extends FullBox('fovi', 0, 0) {
FisheyeVideoEssentialInfoeStruct () ;

Q

ligned(8) class FigheyeVideoSupplementalInfoBox extends FullBox('fvsi', 0, 0) {
FisheyeVideoSuppleémentalInfoStruct () ;

7.6.4  Region-wisg-packing box

7.6.4.1 Definition
Box Type: 'rwpk'
Container: ProjectedOmniVideoBox
Nlandatory: No
uantity: ZEeTo or one

RegionWisePackingBox specifies the mapping between packed regions and the corresponding projected regions and
specifies the location and size of the guard bands, if any.

NOTE Among other information the RegionWisePackingBox also provides the content coverage information in the 2D
Cartesian picture domain.

7.6.4.2 Syntax

aligned(8) class RegionWisePackingBox extends FullBox ('rwpk', 0, 0) {
RegionWisePackingStruct () ;

}
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7.6.4.3 Semantics

Subclause 7.5.3 applies with the following additional constraint:

- packed picture width and packed picture height shall have such values that
packed picture width is an integer multiple of width and packed picture height is an integer
multiple of height, where width and height are syntax elements of the Vi sual SampleEntry containing
this box.

7.6.5 Rotation box

7.6.5.1 | Definition

Box Typsg: 'rotn'

Container: ProjectedOmnivVideoBox
Mandatoryy: No

Quantity: Zero or one

The fieldq in this box provides the yaw, pitch, and roll angles, respectively, of the rotation to be applied to convert the loc
coordinatg axes to the global coordinate axes. In the case of stereoscopic omnidirectional video;-the fields apply to eao
view individually. When the RotationBox is not present, the fields rotation yaw,Nfotation pitch, an
rotati¢n roll are all inferred to be equal to 0.

o =

7.6.5.2 | Syntax

aligned (8) class RotationBox extends FullBox ('rotn'ms N0, 0) {
RotgtionStruct () ;

}

7.6.6  Coverage information box

7.6.6.1 | Definition

Box Typsg: 'covi'

Container. ProjectedOmniVideoBox
Mandatoryy: No

Quantity: Zero or one

This box provides information on the content coverage of this track.

NOTE I is totally up to the OMAF player to handle the area that is not covered by the content when rendering the omnidirectiong
video contgnt.

Each sphére location within the'sphere regions specifying the content coverage shall have a corresponding sample in th
decoded dictures. Howevef, there may be some sphere locations that do have corresponding samples in the decoded picture
but are odtside the content coverage.

w @D

7.6.6.2 [ Syntax

aligned (8) *class CoverageInformationBox extends FullBox('covi', 0, 0) {
Contefecoever S

ESES T~ AL
et

=3
“J

}

7.7  Timed metadata for sphere regions

7.7.1  General

Subclause 7.7 specifies a generic timed metadata track syntax for indicating sphere regions. The purpose for the timed
metadata track is indicated by the track sample entry type. The sample format of all metadata tracks specified in subclause
7.7 starts with a common part and may be followed by an extension part that is specific to the sample entry of the metadata
track. Each sample specifies a sphere region.
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When a sphere region timed metadata track is linked to one or more media tracks with a 'cdsc' track reference, it

describes each media track individually.

NOTE The syntax allows for one sample to specify multiple sphere regions. However, there is a semantic restriction that limits the

samples to have only one sphere region.

7.7.2  Sample entry

7.7.2.1 Definition

spmples do not change, they may be indicated in the sample entry.

71.7.2.2  Syntax

0O

lass SphereRegionSampleEntry (type) extends MetaDataSampleEntry\(type) {
SphereRegionConfigBox (); // mandatory
Box[] other boxes; // optional

0]

lass SphereRegionConfigBox extends FullBox('rosc', 0s7\0) {
unsigned int (8) shape type;

bit (7) reserved = 0;
unsigned int (1) dynamic_range flag;
if (dynamic range flag == 0) {

unsigned int(32) static azimuth range;
unsigned int(32) static_elevation range;

}

unsigned int(8) num regions;

71.7.2.3 Semantics

shape type equal to 0 specifies that.the'sphere region is specified by four great circles. shape type
specifies that the sphere region.is.specified by two azimuth circles and two elevation circles. shaj
values greater than 1 are reserved. The value of shape type is used as the shape type value wher
clause 7.5.6 to the semantics of the samples of the sphere region metadata track.

dynamic_range flag.equal to O specifies that the azimuth and elevation ranges of the sphere regi
unchanged in all samples referring to this sample entry. dynamic_range flag equal to 1 specifig
azimuth and elevation ranges of the sphere region are indicated in the sample format.

static azimuth range and static elevation range specify the azimuth and elevatio
respectively, of the sphere region for each sample referring to this sample entry in units of 27!
statd#¢ azimuth rangeandstatic elevation range specify the ranges through the cent
the.sphere region, as illustrated by Figure 19 or Figure 20. static azimuth range shall beinth
0:to 360 * 21°, inclusive. static_elevation range shall be in the range of 0 to 180 * 2%, inclus
static_azimuth rangeandstatic elevation range are presentand are both equal to O,

specifies
ion in the

equal to 1
e type
applying

n remain
s that the

N ranges,

degrees.
e point of
e range of
ve. When
he sphere

e. When

rpginn far each annplp rpfprring ta__this Qannplp entry is_a pnint on_a Qphpriral surfag

static_azimuth rangeandstatic elevation range are present, the values of azimuth range

and elevation range are inferred to be equal to static azimuth ran
static_elevation range, respectively, when applying subclause 7.5.6 to the semantics of the s
the sphere region metadata track.

ge and
amples of

num_regions specifies the number of sphere regions in the samples referring to this sample entry. num regions

shall be equal to 1. Other values of num regions are reserved.

© ISO/IEC 2019 - All rights reserved

57


https://standardsiso.com/api/?name=cdd2a0771b2672677fa9f40a1c9bcbf2

ISO/IEC 23090-2:2019(E)

7.7.3  Sample format

7.7.3.1 Definition
Each sample specifies a sphere region. The SphereRegionSamp1le structure may be extended in derived track formats.

7.7.3.2 Syntax

aligned(8) SphereRegionSample () {
for (1 = 0; i < num regions; i++)
JpereRegonsStruct(aynamic_range_ftragy,

7.7.3.3 | Semantics

Subclausg 7.5.6 applies to the sample that contains the SphereRegionStruct structure.

=

Let the tafget media samples be the media samples in the referenced media tracks with composition.fimes greater than ¢
equal to the composition time of this sample and less than the composition time of the next sample.

interpolate equal to O specifies that the values of centre azimuth, centre elévation, centre tilf,
azimuth range (if present), and elevation range (if present) in this sdample apply to the target med
damples. interpolate equal to 1 specifies that the values of centre agimuth, centre elevatiop,
entre tilt, azimuth range (if present), and elevation range\(if present) that apply to the targ¢t
media samples are linearly interpolated from the values of the corresponding fields in this sample and the previou
dample.

[sY)

[%2)

The yalue of interpolate for a sync sample, the first sample of the\track, and the first sample of a track fragment
hall be equal to 0.

(n

7.7.4  Initial viewing orientation

7.7.4.1 | Definition

This metadata indicates initial viewing orientations that should be used when playing the associated media tracks or a sing
omnidiregtional image stored as an image iteniIn the absence of this type of metadata centre azimuth,
centre [elevation, and centre tilt should all be inferred to be equal to O.

[¢)

An OMAF player should use the indicatedrorinferred centre azimuth, centre elevation,and centre tilft
values as ffollows:

— Ifthe orientation/viewport metadata of the OMAF player is obtained on the basis of an orientation sensor included in
or atached to a viewing dévice, the OMAF player should

— |obeyonly the centre azimuth value, and

— |ignore the~values of centre elevation and centre tilt and use the respective values from the
orientation‘sensor instead.

— Othgrwise, ' the OMAF player should obey all three of centre azimuth, centre elevation, and
cenltre tilt

The track sample entry type 'invo' shall be used.

shape_type shall be equal to 0, dynamic range flag shall be equal to 0, static_azimuth range shall be
equal to 0, and static_elevation range shall be equal to O in the SphereRegionConfigBox of the sample
entry.

NOTE This metadata applies to any viewport regardless of which azimuth and elevation ranges are covered by the viewport. Thus,
dynamic_range flag, static_azimuth range, and static_elevation range do not affect the dimensions of the
viewport that this metadata concerns and are hence required to be equal to 0. When the OMAF player obeys the centre tilt value
as concluded above, the value of centre tilt could be interpreted by setting the azimuth and elevation ranges for the sphere region
of the viewport equal to those that are actually used in displaying the viewport.
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7.7.4.2 Sample syntax

class InitialViewingOrientationSample () extends SphereRegionSample () {
unsigned int (1) refresh flag;
bit (7) reserved = 0;

7.7.4.3 Sample semantics

019(E)

NOTE 1 As the sample structure extends from SphereRegionSample, the syntax elements of SphereRegionSample are

included in the sample

centre azimuth, centre elevation, and centre tilt specify the viewing orientation-in\un
degrees relative to the global coordinate axes. centre azimuth and centre elevatien in
centre of the viewport, and centre tilt indicates the tilt angle of the viewport.

interpolate shall be equal to O.

ts of 2716
Hicate the

refresh flagequal to O specifies that the indicated viewing orientation should be used when starting thg playback
from a time-parallel sample in an associated media track. refresh flag equalto 1 specifies that the indicated
viewing orientation should always be used when rendering the time-parallel sample of each associated redia track,
i.e., both in continuous playback and when starting the playback from the.time-parallel sample.
NOTE2 refresh flagequalto 1 enables the contentauthor to indicate that a particular viewing orientation is recommegnded even
when playing the video continuously. For example, refresh flag equal to X could be indicated for a scene cut position,
775 Recommended viewport
Tlhe recommended viewport timed metadata track indicates théwiewport that should be displayed when the usef does not
hiave control of the viewing orientation or has released contrélof the viewing orientation.
NOTE  The recommended viewport timed metadata track ceuld be used for indicating a recommended viewport based on fa director's
cut or based on measurements of viewing statistics;
Tlhe track sample entry type 'rcvp ' shall be used.
Tlhe sample entry of this sample entry type s specified as follows:
dlass RcvpSampleEntry () extéends SphereRegionSampleEntry('rcvp') {
RcvpInfoBox (); // mandatory
¥
dlass RcvpInfoBox(éxtends FullBox ('rvif', 0, 0) {
unsigned int (8) viewport type;
string viewport description;
¥
viewport: type specifies the type of the recommended viewport as listed in Table 11.
Table 11 — Recommended viewport type
Value Description
A recommended viewport per the director's cut, i.e., a viewport suggested according
0 L .
to the creative intent of the content author or content provider
1 A recommended viewport selected based on measurements of viewing statistics
2..239 Reserved (for use by future extensions of ISO/IEC 23090-2)
240..255 Unspecified (for use by applications or external specifications)
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viewport description isnull-terminated UTF-8 string that provides a textual description of the recommended
viewport.

The sample syntax of SphereRegionSample shall be used.
shape type shall be equal to 0 in the SphereRegionConfigBox of the sample entry.

static azimuth range and static elevation range, when present, or azimuth range and
elevation range, when present, indicate the azimuth and elevation ranges, respectively, of the recommended
viewport.

centre|azimuth and centre elevation indicate the centre point of the recommended viewport relative to-the
global cogrdinate axes. centre tilt indicates the tilt angle of the recommended viewport.

7.7.6  Timed text sphere location metadata

7.7.6.1 | General

The timed text sphere location metadata indicates the timed text sphere Ication that is used, together with other information,
to determjne where the timed text is placed and displayed in 3D space. Since the timed text gues-are rendered at certain
positions [in 3D space, they are only visible when timed text sphere location is within the“sphere region defining the
viewport.

7.7.6.2 | Sample entry format
The track{sample entry type "tts1' shall be used.

The sampfle entry of this sample entry type is specified as follows:

class TTSpherelocationSampleEntry () extends SpbereRegionSampleEntry ('ttsl') {
unsigned int (1) depth included flag;
bit[7) reserved = 0;

depth included flag equal to 1 specifies thaf'the depth (z-value) of the regions on which the timed text is {

ke rendered is present in the samples. The value 0 specifies that the depth (z-value) of the regions on which th
Imed text is to be rendered is not present.ih-the samples.

Whe

@ O

SphereRegionSampleEntzy () isincluded in TTSpherelLocationSampleEntry (), the following
dpplies:

The wvalues of shape type, dynamic range flag, static_azimuth range, and
static_elevatdilon range shall all be equal to 0.

The value of num_r€yions may be greater than 1.
7.7.6.3 | Sample fofmat
The sampfle format-eftimed text sphere location timed metadata is specified as follows:

aligned (8)“TTSphereLocationSample () extends SphereRegionSample () {
forl(&=0Q; i<num rarj-imh s 44y {

string regiog_id;
if (depth included flag)
unsigned int (16) region depth;

region_id provides the identifier of the region on which the timed text is to be rendered. region_id should be
equal to the identification of the corresponding region defined in the timed text streams in the IMSC1 or WebVTT
track.

region_ depth indicates the depth (z-value) of the region on which the timed text is to be rendered. The depth value
is the norm of the normal vector of the timed text region. This value is relative to a unit sphere and is in units
of 2716,
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When SphereRegionStruct () isincluded in the TTSphereLocationSample () structure, it indicates the
timed text sphere location that is used, together with other information, to determine where the timed text is placed
and displayed in 3D space.

7.8 Signalling of region-wise quality ranking

7.8.1 General

Quality ranking values of quality ranking regions relative to other quality ranking regions of the same track or quality
ranking regions of other tracks may be indicated by using the SphereRegionQualityRankingBox or the
PRegTomOuaTr TtyRarrkITTgBox: Yhen neither SphereRegTonmOua T TtyRaTkITTgBO nor
DRegionQualityRankingBox is present in a visual sample entry, the quality ranking value for the yvisuigl track is
npt defined. Quality ranking values indicate a relative quality order of quality ranking regions. When qualify rankjng region
has a non-zero quality ranking value less than that of quality ranking region B, quality ranking region’ A hap a higher
quality than quality ranking region B. When the quality ranking value is non-zero, the picture quality within [the entire
indicated quality ranking region is approximately constant. The boundaries of the quality ranking sphere regiong specified
the SphereRegionQualityRankingBox may or may not match with the boundaries-of the quality ranking 2D
regions specified by the 2DRegionQualityRankingBox. The boundaries of the quality/ranking sphere or 2D regions
ay or may not match with the boundaries of the packed regions or the boundaries of the projected regions spgcified by
RegionWisePackingBox

78.2  Spherical region-wise quality ranking

7.8.2.1  Definition

Box type: 'srqr'

Container: VisualSampleEntry

Nandatory (per an item): No

Quantity (per an item): At most one for each reg@Zon definition type value

7.8.2.2  Syntax

gdligned(8) class SphereRegionQualityRankingBox extends FullBox('srqgr', 0, () {

SphereRegionQualityRankingStruct () ;

Q

ligned(8) class SphereRegionQualityRankingStruct () {
unsigned int(8) regien definition type;
unsigned int(8) num/regions;
unsigned int (1) remaining area flag;
unsigned int (1) _view idc presence flag;
unsigned int\¥) quality ranking local flag;
unsigned imtA4) quality type;
bit (1) rese€rved = 0;
if (viewidc presence flag == 0) {
udsigned int (2) default view idc;
bit (6) reserved = 0;
i
for (i = 0; 1 < num regions; i++) {
unsigned int (8) quality ranking;
if (view idc presence flag == 1) {
unsigned int(2) view_idc;
bit (6) reserved = 0;

}

if (quality type == 1) {
unsigned int (16) orig width;
unsigned int (16) orig height;

}

if ((1i < (num_regions - 1)) || (remaining area flag == 0))
SphereRegionStruct (1) ;
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Semantics
region definition type has identical semantics to shape type of SphereRegionConfigBox.

num_regions specifies the number of quality ranking sphere regions for which the quality ranking information is
given in this box. Value 0 is reserved. There shall be no point on the sphere that is contained in more than one of
these quality ranking sphere regions.

remgining area flag equal to O specifies that all the quality ranking sphere regions are defined by-the
phereRegionStruct (1) structures. remaining area flag equal to 1 specifies that the\first
num regions — 1 quality ranking sphere regions are defined by SphereRegionStruct (1) structure and
the last remaining quality ranking sphere region is the sphere region within the content coverage, not covered by
the wunion of the quality ranking sphere regions defined by the first num _segions — [

phereRegionStruct (1) structures. The last remaining quality ranking sphere region may’be on both the
Ieft and right views.

viey idc presence flagequal toOspecifiesthatview idc isnotpresent. view idc presence fla
gqual to 1 specifies that view idc is present and indicates the association of qualitysranking sphere region wif
particular (left or right or both) views or monoscopic content.

o O

quality ranking local flag equal to 1 specifies that the quality ranking information provided in th
ihstance of this box is relative to the quality ranking information provided.in-all instances of this box for this trag
dnly. quality ranking local flag equal to O specifies thatdhe quality ranking information provided

this instance of this box is relative to the quality ranking “information provided in all instances d
phereRegionQualityRankingBox and 2DRegionQualityRankingBox wi
juality ranking local flag equal to O for this and,other tracks.

S = 0O X 0

QD

NOTE1l |quality ranking local flag equal to 1 could beused in a track that includes coded video data by reference to
set of tracHs among which one is selected as the source of the coded-video data. For example, an 'alte' track reference specified
subclause [7.2.1 could be used for this purpose. SphereRegi®nQualityRankingBox Or 2DQualityRankingBox Wi
quality| ranking local flag equal to O could be present in the referenced tracks within the file.

> S

quality type indicates which factor causes the differences in the quality of packed regions on the picturg.
juality type equal to O specifies thatall packed regions correspond to the same projected picture resolutiof.
juality type equal to 1 specifies that at least one horRatio value, as derived in subclause 5.4.2, may diffé
from other horRatio values amaong-all pairs of packed and projected regions of the picture or at least one verRat
alue, as derived in subclause-5:4.2, may differ from other verRatio values among all pairs of packed and projecte
regions of the picture. quality type values greater than 1 are reserved.

-

o O

defgqult view idc equalto O indicates that the quality ranking sphere region is monoscopic, 1 indicates that th
quality ranking sphere’region is on the left view of stereoscopic content, 2 indicates that the quality ranking sphe:l

region is on theright view of stereoscopic content, 3 indicates that the quality ranking sphere region is on bo

the left and rightviews.

[¢)

> @D

quality ranking specifies a quality ranking value of the quality ranking sphere region. quality rankin
dqualk to/0 indicates that the quality ranking value is not defined. The semantics of non-zero quality ranking valug
grespecified in subclause 7.8.1.

wn Q

view idc equal to O indicates that the quality ranking sphere region is monoscopic, 1 indicates that the quality
ranking sphere region is on the left view of stereoscopic content, 2 indicates that the quality ranking sphere region
is on the right view of stereoscopic content, 3 indicates that the quality ranking sphere region is on both the left
and right views. When not present, the value of view idc is inferred to be equal to the value of
default view_ idc.

orig widthand orig_height specify the width and height, respectively, of such a monoscopic projected picture
for which both horRatio and verRatio, as derived in subclause 5.4.2 for each of the packed regions that cover the
quality ranking sphere region, are equal to 1.

NOTE2 orig width and orig_height represent the width and height of the picture from which the packed region has been
extracted without resampling.
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NOTE 3 A player is recommended to parse SphereRegionQualityRankingBox and select the track for playing that matches
the user's viewing orientation in a manner that:

- The quality ranking value on the region covering the viewport is greater than 0 and less than that for other regions.

- The resolution of the region covering the viewport is suitable for the display. If quality typeisequaltol, orig width and
orig_height represent the width and height of the monoscopic projected picture from which the packed region covering the
viewport has been extracted. Otherwise, width and height of VisualSampleEntry could be used to conclude the resolution
on the viewport.

SphereRegionStruct (1) specifies the spherical location and size of the quality ranking sphere region relative

to the global coordinate axes, while the shape type value of the quality ranking sphere regions is indicated by
reagion definition t pe The value of 1 nterpolate in Qphavaparﬁ onStruct (13yshall be equal

to 0.
7.8.3 2D region-wise quality ranking
7.8.3.1  Definition
Box type: '2dgr!’
Container: VisualSampleEntry
Nlandatory (per an item): No
Quantity (per an item): Zero or one
7.8.3.2  Syntax
gdligned(8) class 2DRegionQualityRankingBox extends FullBox ('2dgr', 0, 0) {

2DRegionQualityRankingStruct () ;

Q

ligned(8) class 2DRegionQualityRankingStruct () {
unsigned int(8) num regions;
unsigned int(l) remaining area flag;
unsigned int(l) view idc presenceyflag;
unsigned int(l) quality rankingllocal flag;
unsigned int (4) quality types
bit(l) reserved = 0;
if (view idc presence flag-== 0) {
unsigned int(2) default view idc;
bit (6) reserved =¢0;
}
for (i = 0; i < pum/regions; i++) {
unsigned ing«(8) quality ranking;
if (view ide“presence flag == 1) {
unsigned int (2) view_idc;
bitd6)” reserved = 0;

if-(Juality type == 1) {
unsigned int (16) orig width;
unsigned int (16) orig height;

if (4 < (num regions - 1)) || (remaining area flag == 0)) |
unsigned int (16) left offset;
unsigned int (16) top offset;
unsigned int(16) region width;
unsigned int (16) region height;

}
7.8.3.3 Semantics

quality ranking, view idc presence flag, default view idc, and view idc are specified
identically to the syntax elements with the same names in SphereRegionQualityRankingBox but are
further constrained as follows:
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- When a 2DRegionQualityRankingBox is present in a VisualSampleEntry and
StereoVideoBox is present in the VisualSampleEntry and indicates temporal interleaving,
view idc presence flagshall beequalto 0and default view idc shall be equal to 3.

num_regions specifies the number of quality ranking 2D regions for which the quality ranking information is given
in this box. Value 0 is reserved. There shall be no pixel of the decoded picture that is contained in more than one
of these quality ranking 2D regions.

remaining area flag equal to O specifies that all the quality ranking 2D regions are defined by the

left offset, top offset, region width, and region height. remaining area flag equal
tp T Specifies that the TITst num_regions — 1 qualily ranking ZD regions are defined by left offset,
top offset, region width, and region height and the last remaining quality ranking 2D region
the area in the picture with width equal to width of VisualSampleEntry and height equal to hedght d
!
-

—-—

FisualSampleEntry, not covered by the union of the first num regions — 1 quality ranking2DTegions.
[he last remaining quality ranking 2D region may be on both the left and right views.

quality ranking local flag equal to 1 specifies that the quality ranking information-provided in this
hstance of this box is relative to the quality ranking information provided in all instances of this box for this tragk
nly. quality ranking local flag equal to O specifies that the quality ranking.information provided in
f
h

=& o =

his instance of this box is relative to the quality ranking information provided in all instances ¢
$phereRegionQualityRankingBox and 2DRegionQualitiyRankingBox wit]
juality ranking local flag equal to O for this and other tracks.

NOTE1 |quality ranking local flag equal to 1 could be used in a track that ineludes coded video data by reference tofa
set of tracHs among which one is selected as the source of the coded video data. For examiple, an 'alte' track reference specified |n
subclause [7.2.1 could be used for this purpose. SphereRegionQualityRafikiigBox Or 2DQualityRankingBox with
quality| ranking local flag equal to O could be present in the referenced tracks within the file.

quality type indicates which factor causes the differences,in the quality of packed regions on the picturg.
juality type equal to 0 specifies that all packed regions correspond to the same projected picture resolution.
juality type equal to 1 specifies that at least onethorRatio value, as derived in subclause 5.4.2, may diffé
from other horRatio values among all pairs of packed-and projected regions of the picture or at least one verRat
alue, as derived in subclause 5.4.2, may differ from other verRatio values among all pairs of packed and projecte
regions of the picture. quality type values-greater than 1 are reserved.

-

[eNNe)

D

orig widthand orig height specifythewidth and height, respectively, of such a monoscopic projected pictut
for which both horRatio and verRatio, as derived in subclause 5.4.2 for each of the packed regions that cover th
quality ranking 2D region, are equahto 1.

@D

=]

NOTE2 |orig widthand orig hé&ight represent the width and height of the picture from which the packed region has beg
extracted without resampling.

@D

NOTE 3 | A player is recommenided to parse 2DRegionQualityRankingBox and select the track for playing that matches t
user's viewling orientation in asmanner that:

- The quality ranking value en the region covering the viewport is greater than 0 and less than that for other regions.

- The regolution of thesregion covering the viewport is suitable for the display. If quality typeisequaltol, orig width ard
orig |height repbesent the width and height of the monoscopic projected picture from which the packed region covering tf
viewpqrt has béen“extracted. Otherwise, width and height of VisualSampleEntry could be used to conclude the resolution
the vievport.

> @

left ffoot +ton ffoot recion width and rooion hoioht are inteqger values that indicate thHe
e r g L4 = 7 ) ) 9

position and size of the quality ranking 2D region. left offset and top offset indicate the horizontal
and vertical coordinates, respectively, of the upper left corner of the quality ranking 2D region within the picture,
in units of luma samples. region width and region height indicate the width and height, respectively,
of the quality ranking 2D region within the picture, in units of luma samples. left offset +region width
shall be less than width of VisualSampleEntry. top offset + region height shall be less than
height of VvisualSampleEntry.

region width shall be greater than 0.

region height shall be greater than 0.
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7.9  Storage of omnidirectional images

7.9.1 General

Omnidirectional images are stored in a file as image items, as specified in ISO/IEC 23008-12. The
ProjectionFormatProperty shall be present for an omnidirectional image item. When an image item contains
stereoscopic content, the FramePackingProperty shall be present for the image item. When an image item contains
a packed picture generated by region-wise packing from the projected picture, the RegionWisePackingProperty
shall be present for the image item.

7.9.2  Frame packing item property

7.9.2.1  Definition

Box type: 'stvi'

Aroperty type: Descriptive item property

(ontainer: ItemPropertyContainerBox

Nlandatory (per an item): No

Quantity (per an item): Zero or one

HramePackingProperty indicates that the reconstructed image contains.a\representation of two spatially packed

O

bnstituent pictures.

gssential shall beequaltolfora 'stvi' item property.

719.2.2 Syntax

HramePackingProperty has the same syntax as StereoVideoBox specified in ISO/IEC 14496-12.

.19.2.3  Semantics

=~

he semantics of the syntax elements within the_ExamePackingProperty are the same as those specifigd for the
yntax elements of StereoVideoBox as defined in ISO/IEC 14496-12 and in subclause 7.1.10.

w

7.9.3  Projection format item property.

7.9.3.1  Definition

Box type: 'prfr'

Froperty type: Descriptive item property

Container: ItemPropertyContainerBox

Nlandatory (per an iten): No

Quantity (per an item): Zero or one

HrojectionkEormatProperty indicates the omnidirectional projection format of the image.

When 'pxrfr' is present, the reconstructed image represents a packed picture that has been generated as inflicated in
Higure 2and Figure 3 for a monoscopic and stereoscopic image, respectively. The semantics of the sample locations of the
reconstructed image are specified in subclause 7.5.1.2.

The format of the projected monoscopic pictures is indicated with the ProjectionFormatProperty.

For stereoscopic video, the frame packing arrangement of the projected left and right pictures is indicated with the
FramePackingProperty. The absence of FramePackingProperty indicates that the content of the image item
iS monoscopic.

When both ProjectionFormatProperty and FramePackingProperty are present for an image item,
stereo_scheme shall be equal to 4, and the first byte of stereo indication_type shall be equal to 3 or 4, and
the second byte of stereo indication type shall be equal to O indicating that quincunx sampling is not in use.

Optional region-wise packing is indicated with the RegionWisePackingProperty. The absence of
RegionWisePackingProperty indicates that no region-wise packing is applied.

© ISO/IEC 2019 - All rights reserved 65


https://standardsiso.com/api/?name=cdd2a0771b2672677fa9f40a1c9bcbf2

ISO/IEC 23090-2:2019(E)

essential shall be equal to 1 fora "prfr' item property.
The values of the variables HorDiv1 and VerDiv1 are set as follows for an image item:

- If FramePackingProperty is not present for the image item, HorDiv1 is set equal to 1 and VerDiv1 is set equal
to 1.

- Otherwise (FramePackingProperty is present for the image item), the following applies:

— If side-by-side frame packing is indicated, HorDiv1 is set equal to 2 and VerDiv1 is set equal to 1.

— | Otherwise (top-bottom trame packing IS indicated), HorDiv1 Is set equal 1o 1 and VerDIv1 1S set equal 10 Z,

The width and height of a monoscopic projected luma picture (ConstituentPicWidth and ConstituentPicHeight, respeetively)
corresponding to the reconstructed image of the image item are derived as follows:

— If RegionWisePackingProperty is not present for the image item, ConstituentRicWidth and
CongtituentPicHeight are set to be equal to image width /HorDivl and image hd&ight /VerDiv],
respectively, where image width and image height are syntax elements of
ImalgeSpatialExtentsProperty associated with the image item.

—  Othgrwise, ConstituentPicWidth and ConstituentPicHeight are set equal to proj pieture width/HorDivl and
proj picture height /VerDivl, respectively.

—

If Rotat|ionProperty is not present for the image item, RotationFlag is set equakto 0. Otherwise, RotationFlag is s¢
equal to 1.

[=}

If FramgPackingProperty is not present for the image item, SpatiallyPackedStereoFlag, TopBottomFlag, an
SideBySifleFlag are set equal to 0. Otherwise, the following applies:

- Whanthe FramePackingProperty indicates top-bottom frame packing, SpatiallyPackedStereoFlag is set equ
to 1) TopBottomFlag is set equal to 1, and SideBySideFlag is'set equal to 0.

- Whgnthe FramePackingProperty indicates side-hy-side frame packing, SpatiallyPackedStereoFlag is set equa
to 1) TopBottomFlag is set equal to 0, and SideBySideFlag is set equal to 1.

If RegignWisePackingProperty is not present for the image item, RegionWisePackingFlag is set equal to
Otherwisg, RegionWisePackingFlag is set equal-to.1.
7.9.3.2 | Syntax

aligned(8) class ProjectionFormatProperty
extends ItemFullProperty('prfr', 0, 0) {
ProjectionFormatStetct (); /* specified in clause 7.5.2 */

}

7.9.4  [Kssential fisheye image item property

7.9.4.1 | General

When an|image'item contains a picture which consists of multiple circular images captured by fisheye cameras, th
EssentlalFfisheyeImageProperty shall be present for the image item.

@D

7.9.4.2 Definition

Box type: 'fovi'

Property type: Descriptive item property
Container: ItemPropertyContainerBox
Mandatory (per an item): No

Quantity (per an item): Zero or one

EssentialFisheyeImageProperty provides essential fisheye parameters for stitching and rendering fisheye
images at the OMAF player. The fields in EssentialFisheyeImageProperty provide region information of
circular images in the image item and the field of view and camera parameters of the fisheye lens(es).
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When the ' fovi' item property is present, the "prfr' item property shall not be present.

essential shall be equalto 1 fora 'fovi' item property.

7.9.4.3 Syntax

aligned(8) class EssentialFisheyeImageProperty
extends ItemFullProperty('fovi', 0, 0) {
FisheyeVideoEssentialInfoStruct(); /*specified in clause 6*/

}

71.9.4.4  Semantics

Tlhe semantics are as specified in subclause 6.2.2.

79.5  Supplemental fisheye image item property

7.9.5.1 Definition

Box type: 'fvsi'

Aroperty type: Descriptive item property
(ontainer: ItemPropertyContainerBox
Nlandatory (per an item): No

Quantity (per an item): Zero or one

10p)]

upplementalFisheyeImageProperty provides supplemental fisheye parameters, such as the local fie
nformation for high quality stitching and rendering as well as deadzene/information.

When the ' fvsi' item property is present, the ' fovi' item,property shall be present.

719.5.2 Syntax

ligned(8) class SupplementalFisheyelmageProperty
xtends ItemFullProperty('fvsi', Q0 N0) {
FisheyeVideoSupplementalInfoStruct (); /*specified in clause 6*/

D Q

.9.5.3 Semantics

=~

he semantics are as specified in subclause 6.3.2.

7.9.6  Region-wise packing item property

7.9.6.1  Definition

Box type: 'rwpk'

Froperty type: Descriptive item property
Jontainer: ItemPropertyContainerBox
Nlandatory‘(per an item): No

Quantity (per an item): Zero or one

HelgdonWisePackingProperty specifies the mapping between packed regions and the corresponding

regions and specifies the location and size of the guard bands, if any.

essential shall be equal to 1 fora 'rwpk' item property.

7.9.6.2 Syntax

aligned(8) class RegionWisePackingProperty
extends ItemFullProperty('rwpk', 0, 0) {
RegionWisePackingStruct(); /* specified in clause 7.5.3 */

}
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7.9.6.3 Semantics

Subclause 7.5.3 applies with the following additional constraint:

7.9.7

7.9.7.1 |General

When an] image item contains an omnidirectional image specified based on the local coordinate axes, th
Rotati¢nProperty shall be present for the image item.

7.9.7.2 | Definition

Box type! 'rotn'

Property type: Descriptive item property
Container: ItemPropertyContainerBox
Mandatory (per an item): No

Quantity (per an item): Zero or one

Rotati¢nProperty is used to indicate the yaw, pitch, and roll angles, respéctively, of the rotation to be applied {
convert the local coordinate axes to the global coordinate axes. In the case of stéreoscopic omnidirectional image, the fielg
apply to] each view individually. The absence of RotationProgerty indicates that rotation yay
rotati¢n pitch,and rotation roll are all inferred to be equal t0-0.

essentlal shall beequaltolfora 'rotn' item property.

7.9.7.3 | Syntax

aligned(8) class RotationProperty
extends$ ItemFullProperty('rotn', 0, 0) {
RotationStruct(); /* specified-in*clause 7.5.4 */

}

7.9.8

7.9.8.1 | General

7.9.8.2 | Definition

Box type! 'covi'

Property type: Descriptive item property
Container: ItemPropertyContainerBox
Mandatory (per an-item): No

Quantity (per an-item): Zero or one

CoveragelnformationProperty is used to indicate the content coverage of the omnidirectional image.

packed picture width and packed picture height shall have such values that
packed picture width is an integer multiple of image width and packed picture height is an
integer multiple of image height, where image width and image height are syntax elements of the
ImageSpatialExtentsProperty associated to the image item.

Rotation item property

D

»w O

Coverage information item property

NOTE It is totally up to the OMAF player to handle the area that is not covered by the content when rendering the omnidirectional
image content.

Each sphere location within the sphere regions specifying the content coverage shall have a corresponding sample in the
reconstructed image. However, there may be some sphere locations that do have corresponding samples in the reconstructed
image but are outside the content coverage.
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7.9.8.3 Syntax

aligned(8) class CoverageInformationProperty
extends ItemFullProperty('covi', 0, 0) {
ContentCoverageStruct ()

}

7.9.9 Initial viewing orientation item property

7.9.9.1 Definition

QX f\]/rr_\a' 'J1ivo!
Aroperty type: Descriptive item property
(ontainer: ItemPropertyContainerBox
Nlandatory (per an item): No
Quantity (per an item): Zero or one

nitialViewingOrientationProperty indicates the initial viewing orientation according to which the image
nould be initially rendered to the user. In the absence of this property centre azimutlhicéntre elevafion,and
entre tilt should all be inferred to be equal to 0.

QO ®

n OMAF player should use the indicated or inferred centre azimuth, centze e€levation,and centfe tilt
alues as follows:

< >

+ Ifthe orientation/viewport metadata of the OMAF player is obtained on.the basis of an orientation sensor included in
or attached to a viewing device, the OMAF player should

— obeyonly the centre azimuth value, and

— ignore the values of centre elevation and*€entre tilt and use the respective values|from the
orientation sensor instead.

+ Otherwise, the OMAF player should obey alh three of centre azimuth, centre elevatjon, and
centre tilt

Hor the syntax and semantics of InitialViéw#¥ngOrientationProperty, num regions is inferred tp be equal
0 1, shape type is inferred to be~equal to O, dynamic range flag is inferred to be eqyal to O,
gtatic_azimuth range isinferredte'be equal to 0,and static_elevation_ range is inferred to be ¢qual to O.

—+

NOTE This metadata applies to anytviewport regardless of which azimuth and elevation ranges are covered by the viewport. Thus,
dynamic range flag, statie’dzimuth range, and static elevation range do not affect the dimensjons of the
vjewport that this metadata congerns-and are hence required to be equal to 0. When the OMAF player obeys the centre filt value
ap concluded above, the centxe " tilt value of could be interpreted by setting the azimuth and elevation ranges for the sphere region
of the viewport equal to thase-that are actually used in displaying the viewport.

~J

.9.9.2  Syntax

ligned(8)¢lass InitialViewingOrientationProperty
gxtends\\[temFullProperty('iivo', 0, 0) {
InitialViewingOrientationSample vr initial orientation;

Q

}

-
/

-9-9-3—Semantics
The semantics of the InitialViewingOrientationSample structure are specified in subclause 7.7.4.3 and apply

to the image item by replacing the phrase "sample" with the phrase "image item" except that the semantics of
refresh flag are undefined and the flag shall be equal to 0.

7.10 Storage of timed text for omnidirectional video

7.10.1 General

Timed text is used for providing subtitles and closed captions for omnidirectional video. Timed text cues may be rendered
on a certain region relative to the sphere (i.e., only visible when the user looks in a specific direction), or it may be rendered
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in a region on the current viewport (i.e., always visible irrespective of the viewing direction), in which case the text/cue
region positions are relative to the current viewport.

For the timed text of the omnidirectional video, W3C Recommendation, TTML profiles for Internet media subtitles and
captions 1.0 (IMSC1) or WebVTT: The web video text tracks format, W3C shall be used.

The IMSC1 or WebVTT streams shall be carried in tracks conforming to ISO/IEC 14496-30.

XMLSubtitleSampleEntry of WWTTSampleEntry shall include the OmafTimedTextConfigBox as specified
in subclause 7.10.2.

7102 (

7.10.2.1

Box Typsg:
Containen;

Mandator]
Quantity:

This box

7.10.2.2

class
uns
uns
uns
bit
uns i
for

7.10.2.3

reld

DMAF timed text configuration box
Definition

'otct!

Syntax

gned int(1l) relative to viewport flag;
gned int (1) relative disparity flag;
gned int (1) depth included flag;

5) reserved = 0;

gned int(8) region count;
(i=0;i<region count;i++) {

tring region id;

1f(relative to viewport flag == 1)4

if (relative disparity flag)
signed int (16) disparity %1 percent;
else
signed int (16) disparity in pixels;
else {
SphereRegionStruct (Q)%
if (depth included flag)
unsigned int (1l6) region_ depth;

Semantics

XMLSubtitleSampleEntry Or WWITSampleEntry
V- Yes (for timed text tracks associated with an omnidirectional video track)
One (for timed text tracks associated with an omnidirectional video track)

brovides configuration information for presenting timed text together with omnidirectional video.

mafTimedTextConfigBox extends FullBox('otcf',

tive (fe¥viewport flag specifies how the timed text cues are to be rendered. The value 1 indicates thy

{

—

the timed-text is expected to be always present on the display screen, i.e., the text cue is visible independently qf
the-viewing direction of the user. The value 0 indicates that the timed text is expected to be rendered at a certain
pesition-on-the-spheret-ethe-text-cue-is-onbyvisible-when-the-user-is-looking-Hr-the-direction-where-the-text-ede
is rendered.

NOTE 1 When relative to viewport flagisequal to 1, the active area where the timed text could be displayed is provided
by the timed text track as a rectangular region.

relative disparity flag indicates whether the disparity is provided as a percentage value of the width of the
display window for one view (when the value is equal to 1) or as a number of pixels (when the value is equal to
0).

depth included flag equal to 1 indicates that the depth (z-value) of regions on which the timed text is to be
rendered is present. The value O indicates that the depth (z-value) of regions on which the timed text is to be
rendered is not present.
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region count specifies the number of text regions for which a placement inside the sphere is provided. Each region
is identified by an identifier. (both WebVTT and TTML identify regions using a unique id). When a timed
metadata track containing the timed text sphere metadata track is present and linked to this timed text track by the
track reference of type ' cdsc', the value of region count shall be 0.

NOTE 2 Both WebVTT and TTML identify a region using a unique identifier.

region id provides the identifier of the text region. This identifier shall be equal to the identifier of the
corresponding region defined in timed text streams in the IMSC1 or WebVTT track.

disparity in percent indicates the dielnqrif\lly inunits of ’)‘16’ as a fraction of the width of the dicr\lay window

for one view. The value may be negative, in which case the displacement direction is reversed. ThisValue is used
to displace the region to the left on the left eye view and to the right on the right eye view.

disparity in pixels indicates the disparity in pixels. The value may be negative(in-'which| case the
displacement direction is reversed. This value is used to displace the region to the left onhé left eye view and to
the right on the right eye view.

SphereRegionStruct () indicates a sphere location that is used, together with other information, to fletermine
where the timed text is placed and displayed in 3D space. The vector betweenthe centre of the sphere and this
sphere location is the normal vector to the rendering 3D plane on which thetimed text cue is to be rendered. This
information and the depth of the 3D plane are used to determine the pasition of the rendering 3D plane in 3D
space on which the timed text cue is to be rendered. An example of such.region is shown in Figure 21.

NOTE Thepurple plane indicates the region, and the line segment in black indicates the depth.

Figure 21 — An example of a region on which the timed text is rendered

When SphereRegionStruct () isincluded in the OmafTimedTextConfigBox, the following applies:

For the syntax and semantics of SphereRegionStruct ()included in the OmafTimedTextConfigBox, the
values of shape type, dynamic range flag, static_azimuth range, and
static_elevation range are all inferred to be equal to 0.

centre azimuth and centre elevation specify the sphere location that is used, together with other
information, to determine where the timed text is placed and displayed in 3D space. centre azimuth shall be
in the range of —180 * 216 to 180 * 2% — 1, inclusive. centre elevation shall be in the range of —90 * 2% to
90 * 2%, inclusive.

centre tilt shall be equal to 0.
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ion_depth indicates the depth (z-value) of the region on which the timed text is to be rendered. The depth value
is the norm of the normal vector of the timed text region. This value is relative to a unit sphere and is in units

of 2716,

Rendering procedure (informative)

The procedure of this clause specifies how the timed text cues are suggested to be rendered.

During rendering, some adjustment to the styles of the timed text could be desirable or necessary, to achieve better visibility
of the timed text cues based on depth of the text and user preferences.

The re

relatiye to viewport flag
If relatlive to viewport flagisequal to 0, the rendering procedure may be as follows:

1. Setup the VR scene geometry by creating the sphere and placing the rendering camera in the centre-of the sphe
(depending on whether the content is stereo or mono, the rendering camera has to correspondingly,;be’mono or stereorl).

2. For
a.
b.

C.

Otherwisg¢ (relative to viewport flag isequal to 1), the rendering-procedure may be as follows:

1. Rea

at ti

2. After rendering the omnidirectional video, render the text cuein the rectangular region for the left or right half of th
scregn as follows:

a.

7.10.3

When IMSC1 streams are used-OmafTimedTextConfigBox shall be present in XMLSubtitleSampleEntry.
When the|disparity information'is present in OmafTimedTextConfigBox, it is superseded by the tts:disparitly
attribute gf the IMSC1 traek!

class XMLSubtit/leSampleEntry () extends SubtitleSampleEntry ('stpp') {

str
str
str

Oma

}

ndering procedure for timed text on omnidirectional video depends on the value O)\gf

@D

bach text sample to be rendered at time t, the following applies:
Fetch the corresponding information about depth d, direction (u, v), and the 2D dimensions of the region.
Create a 3D plane with the normal vector calculated out of (d, u, v).

Render the text cue on that plane and on the corresponding 2D rectangle with a centre at the normal vector.

:ILinformation of the rectangular region from the timed text track.and the disparity disparityVal for each text cye
e t.

[¢))

For the left half of the screen, render the text cue'in the left-half of the rectangular region such that the left-sid
boundary of the text cue starts from the position'that is disparityVal units to the right from the left-side boundar
of the left-side half of the rectangular region:

< @

For the right half of the screen, render-the text cue in the right-half of the rectangular region such that the left
side boundary of the text cue starts from the position that is disparityVal units to the right from the left-sid
boundary of the right-side half-of the rectangular region.

[©)

IMSC1 tracks

1ng hamespace;
1ng schema location; // optional
1ng auxiliary mime types;
// optional, required if auxiliary resources are present
fTimedTextConfigBox () ; // optional

The namespace field of the XMLSubtitleSampleEntry shall contain one instance of the string

"http:

//www.w3.0org/ns/ttml".

The schema location field of the XMLSubtitleSampleEntry shall contain one of following string instances:

— "http://www.w3.org/ns/ttml/profile/imscl/text"

— "http://www.w3.org/ns/ttml/profile/imscl/image"
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The XMLSubtitleSampleEntry shall contain a MIMEBox and its content type field shall be constrained as
follows:

— The type shall be "application".
— The subtype shall be "ttml+xml".

— The codecs parameter shall contain either "im1t™ or "imli" that indicates that an IMSC1 Text or Image
processor is required, respectively.

All samples of the IMSC1 track shall conform to the Text Profile or Image Profile specified in W3C Recommendation,
NITML profiles for Internet media subtitles and captions 1.0.

All IMSC1 sample format shall conform to ISO/IEC 14496-30.

Tlhe media type of the IMSC1 samples is "application/mp4".

110.4  WebVTT tracks
Vhen WebVTT is used, OmafTimedTextConfigBox shall be present in WWTTSampleBntry.

< =l

dlass WVTTSampleEntry () extends PlainTextSampleEntry ('wvit') {
WebVTTConfigurationBox config;

WebVTTSourceLabelBox label; // recommended

OmafTimedTextConfigBox () ; // optional
¥
All WebVTT samples shall conform to the sample format as defined in1SO/IEC 14496-30:2018 subclause 6.6.
Tlhe media type of the WebVTT samplesis "text/vtt".

§ Omnidirectional media encapsulation and signalling in DASH

8.1  Architecture of DASH delivery in OMAF

n

igure 22 illustrates the content flow in the\DASH delivery function of OMAF.

DASH delivery

» DASH MPD |—> |:|s
. erver
generatlon G

A 4

DASH MPD
& segment
reception

T A
®

Head/eye | _______1
tracking | Orientation/
viewport metadata

Figure 22 — Content flow in the DASH delivery function of OMAF
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The following interfaces are normatively specified in this clause:
— F¢/F': initialization and media segments; as defined generally below and specified for media profiles in Annex B;

— G: DASH media presentation description (MPD), including omnidirectional media-specific metadata, such as
information on projection and region-wise packing, as specified in subclause 8.2.

An MPD (G) is generated based on the segments (Fs) and other media files representing the same content. The DASH MPD
generator includes omnidirectional media-specific descriptors as specified in subclause 8.2. The descriptors include
projection type, region-wise packing type, content coverage, spherical region-wise quality ranking, 2D region-wise quality
ranking, and fisheye omnidirectional video information. These information may be generated on the basis of the equivalent
informatipn in the segments.

A DASH [client obtains a current viewing orientation or viewport e.g. from the head-mounted display that detects-the hegd
and possiply also eye orientation. By parsing metadata, e.g. on projection and region-wise packing, from the ‘MPD, the
DASH client concludes which Adaptation Set and Representation contain the supported projection format.ete."and whigh
Adaptatign Set and Representation cover the current viewing orientation at the highest quality and at a bitrate that may He
afforded By the prevailing estimated network throughput. The DASH client issues (sub)segment requests-accordingly.

The servgr typically provides segments (Fs) to the client. The server may also provide the MRD,(Considered as part
interface H in this case), or the MPD may be delivered by other means to the client. The segméntsand MPD are deliverd
over a nefwork, and the received segments and MPD from the server are marked with H' in-the figure. The output from th
server (H) is considered to be identical to the input to the DASH MPD and segment recéption block (H'). The receive
segments|(F's) are output by the DASH MPD and segment reception block to the file/seégment decapsulation block (sg
subclausef 4.2 and 4.3). In some media profiles, the segment reception function may inelude reconstruction of a conformin
segment dequence, which is regarded as the F's interface.

Q D QO D® QO =

8.2 Usage of DASH in OMAF

8.2.1 (General

The folloyving applies for the specifications in subclauses 8.2 @nd 8.3:
- The|presence of an element at MPD level refers tq that the element is a child element of the MPD element.

- The|presence of an element at Adaptation” Set level refers to that the element is a child element of gn
AdaptationSet element.

- The| presence of an element at Representation level refers to that the element is a child element of ja
Replresentation element.

8.2.2  $ignalling of stereoscopicframe packing

A DASH FramePacking element with a @schemeIdUri attribute equal t
urn:mpeg:mpegB:cicpiVideoFramePackingType may be present at Adaptation Set level and shall not b
present atf MPD or Representation level. When used with projected omnidirectional video (i.e., when the PF descriptor
present), this element indicates that the projected pictures consist of spatially or temporally packed constituent pictures g
the left and right views. The @value of the FramePacking element specifies the frame packing type for the stereoscop
video. ThisAyvalue shall be equal to 3, 4, or 5 with the meaning of those values as specified fq
VideoFrtamgPackingType in ISO/IEC 23091-2. The value of QuincunxSamplingFlag as specified in ISO/IE
23091-2 is inferred to be equal to 0.

s o —+-~w ® O

8.2.3  Carriage of timed metadata

A timed metadata track, e.g., of track sample entry type 'invo' or 'rcvp' as specified in subclause 7.7, may be
encapsulated in a DASH Representation. The @GassociationId attribute of this metadata Representation shall contain
one or more values of the @1d attribute of the Representation(s) containing the omnidirectional media carried by the media
track(s) that are associated with the timed metadata track through a 'cdsc' track reference as specified in subclause
7.1.5.1. The GassociationType attribute of this metadata Representation shall be equal to ' cdsc'.
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8.3 DASH MPD descriptors for omnidirectional media

8.3.1 XML namespace and schema

A number of new XML elements and attributes are defined and used. These new XML elements are defined in a separate
namespace "urn:mpeg:mpegl:omaf:2017". The namespace designator "omaf:" is used to refer to this name space
in this document. These are defined in normative schema documents in each clause where a new MPD descriptor is
specified. The namespace designator "xs:" shall correspond to namespace http://www.w3.0rg/2001/XMLSchema
as defined in W3C Recommendation, XML schema part 1: Structures. 1tems in the "Data type" column of tables in clause

Q

Lo} Aatat Aafi i NAAL Ol Doyt 2 dcohkall b +ha H Aot Aan AN Aati XML
&~ UoL UdLULy Lo UTTITITU TIT ZATVIL OUTITTTIA T art o - difu oriart Tiavi i mmedrmity do Ut Tinicu T v oo TALLUTTITTITTTUA |0n,

hema part 2: Datatypes.

%)

o]

3.2 Signalling of projection type information

An EssentialProperty element with a @schemeIdUri aftribute equal to
"lurn:mpeg:mpegl:omaf:2017:pf" isreferred to as a projection format (PF) descriptof.

t most one PF descriptor may be present at MPD level. At most one PF descriptor may be présent at Adaptation Set level.
t most one PF descriptor may be present at Representation level.

A
A

The omaf:@projection type attribute of a PF descriptor present at_a hierarchically lower level |overrides
dmaf:@projection_type attribute of a PF descriptor present at a hierarchically higher level. For example, when both
ap AdaptationSet element and a Representation element in the AdaptationSet element have a PF descriptor
present, the PF descriptor present in the Representation element agplies to the Representation.
1
g

he @value attribute of the PF descriptor shall not bé¢ present. The PF descriptor shall include an
maf:@projection type attribute whose value shall not he-empty as specified in Table 12.

Table 12 — Semantics of omaf<@projection_type attribute

Attribute for PF Use | Data type Description
descriptor

omaf:@projection M | omaf:listofUnsignedByte Specifies a list of projection type values of the projectedl picture
_type as specified in Table 8. Each value in the list shall be in the range
of 0 to 31, inclusive. The values 32 to 255 are reserved. Each
value in the list shall be unique.

For 1SO base media file format Segments, projection type
shall be equal to projection type in
ProjectionFormatBox in sample entries [of the
Initialization Segment.

he data type for the attribute shall be as defined in the XML schema. An XML schema for projection type signajling shall
e as _shewn below. The schema shall be represented in an XML schema that has namespace
rn:mpeg:mpegl:omaf:2017 and is specified as follows:

o -

(o

<?xml version="1.0" encoding="UTF-8"?2>
XS:SClema XMINS: XS="NCLtp://WWW.W3.01g/ 2001/ XMLSchema
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">
<xs:attribute name="projection type" type="omaf:listOfUnsignedByte"/>
<xs:simpleType name="1listOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedByte"/>
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>
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8.3.3  Signalling of region-wise packing type

An EssentialProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2017:rwpk" isreferred to as a region-wise packing (RWPK) descriptor.

An RWPK descriptor indicates the applied region-wise packing types in the Representation(s) associated with the
descriptor.

At most one RWPK descriptor may be present at MPD level. At most one RWPK descriptor may be present at Adaptation
Set level. At most one RWPK descriptor may be present at Representation level.

The omaff:Wpacking type atmibute ol a RVWPK Oescriptor present at a nierarchically Tower Ievel overrid
omaf:@packing type attribute of a RWPK descriptor present at a hierarchically higher level. For example, whé
both an AHaptationSet element and a Representation element in the AdaptationSet element have-a' RWP
descriptor present, the RWPK descriptor present in the Representation element applies to the Representation.

N S O

=}

The @value of the RWPK descriptor shall not be present. The RWPK descriptor may™ include 3
omaf:@packing type attribute as specified in Table 13.

Table 13 — Semantics of omaf:@packing_type attribute

Attributge for Use | Data type Description
RWPK descriptor

omaf:@packing @) omaf:OptionallistofUnsignedByte Specifies a listof the packing type value of the picture as
type specified inTable 9. Each value in the list shall be in the
range of’Q to 15, inclusive. The values 16 to 255 are
reserved. Each value in the list shall be unique.

FordSO base media file format Segments,

packing_ type shall be equal to packing typein
RegionWisePackingBox in sample entries of the
Initialization Segment. When this

omaf:@packing type attribute is not presentor
does not include any value in a RWPK descriptor,
omaf:@packing type value is inferred to be equal
to 0.

The absence of a RWPK descriptor indicates that no region-wise packing has been applied.

@D

The data ttype for the attribute shall)be as defined in the XML schema. An XML schema for region-wise packing typ
signalling shall be as shown. below. The schema shall be represented in an XML schema that has namespag
urn:mpe¢qg:mpegl:omafi 2017 and is specified as follows:

@D

?xml version="1.0" encoding="UTF-8"?>
xs:schema (xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xXfMlkns:omaf="urn:mpeg:mpegl:omaf:2017"
ellementFormDefault="qualified">
<xs:attribute name="packing type" type="omaf:0ptionallistOfUnsignedByte"/>
<xs:simpleType name="OptionallistOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedByte"/>
</xs:simpleType>
<xs:minLength value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

8.3.4  Signalling of content coverage

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2017:cc" isreferred to as a content coverage (CC) descriptor.
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At most one CC descriptor may be present at Adaptation Set level. A CC descriptor shall not be present at MPD or

Representation level.

The CC descriptor indicates that each Representation covers the sphere region as specified in subclause 7.7 by
shape type and syntax elements centre azimuth, centre elevation, centre tilt, azimuth range,
and elevation range in SphereRegionStruct asincluded in the CC descriptor.

When the CC descriptor that applies to a Representation is present and the CoverageInformationBox is present in
the track corresponding to the Representation, the CC descriptor shall carry equivalent information as the
CoverageInformationBox.

ab specified in Table 14.

Tlhe @value attribute of the CC descriptor shall not be present. The CC descriptor shall include elements and

Table 14 — Semantics of elements and attributes of CC descriptor

attributes

Elements and attributes Use Data type Description

for CC descriptor

cc 0.1 omaf:CCType Container element whose attributes and elements specify sphere
region coverage information:

CClshape_type (0] xs:unsignedByte | Specifies the shape type,of the sphere region, as spegified in
subclause 7.7.2.3. When not present, cc@shape_type is|inferred
to be equal to 0.

CC@view idc_presen O xs:boolean Value 0 spetifies that cc.coveragelnfo@view idd is not

ce_flag signalled, Value 1 specifies that cc.coveragelnfo@vigw idc
is signalled and indicates the association of sphere regipns with
particular (left, right, or both) views or monoscopic conterjt. When
netpresent, cc@vview idc presence flag isinferfed to be
equal to 0.

ccldefault view id CM omaf:ViewTypg” | Value 0 indicates that all the sphere regions are monoscopic{ Value 1

c indicates that all the sphere regions are on the left vigw of a
stereoscopic content. Value 2 indicates that all the sphere regions are
on the right view of a stereoscopic content. Value 3 indicates that all
the sphere regions are on both the left and righf views.
cC@default view idc shall ~ be  present [ when
cc@view idc presence flag is  equal to 0.
cc@default view idc shall be absent when
CClview idc presence flag isequalto 1.

cc.coveragelnfo 1..255 | omaf:coveragelnf | Element whose attribute cc.coveragelnfo@view idc, when

oType present, provides information about view(s) to which ¢overage

specified by  sphere  region defined by  dttributes
cc.coveragelnfolcentre azimuth,
cc.coveragelnfolcentre elevation,
cc.coveragelnfo@ecentre tilt,
cc.coveragelnfofazimuth range,
cc.coveragelnfolelevation range applies.

ce” coveragelnfogyi CM—-omaf\iewType—Value—-indicat ew of a

ew_idc stereoscopic content, value 2 indicates the sphere region is on the
right view of a stereoscopic content, and value 3 indicates that the
sphere region is on both the left and right views. Value 0 is reserved.
cc.coveragelnfo@view idc shall be absent when
cc@view idc presence flag is equal to O
cc.coveragelnfo@view idc shall be present when
CcCc@view idc presence flag isequal to 1.

cc.coveragelnfolce (0] omaf:Rangel Specifies the azimuth of the centre point of the sphere region in units

ntre_azimuth of 2716 degrees relative to the global coordinate axes. When not
present, cc.coveragelnfo@centre azimuth is inferred to
be equal to 0.
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Elements and attributes Use Data type Description
for CC descriptor

cc.coveragelnfolce (0] omaf:Range2 Specifies the elevation of the centre point of the sphere region in units
ntre _elevation of 2716 degrees relative to the global coordinate axes. When not

present, cc.coveragelnfolcentre elevation is inferred
to be equal to 0.

cc.coveragelnfolce (0] omaf:Rangel Specifies the tilt angle of the sphere region, in units of 271¢ degrees,
ntre tilt relative to the global coordinate axes. When not present,
cc.coveragelnfo@centre tilt isinferredtobeequaltoO.
cc.covyeragelnfoRaz (0] omaf:HRange Specifies the azimuth range of the sphere region through the centre
imuth [range point of the sphere region in units of 2716 degrees. When not-present
cc.coveragelnfofazimuth range isinferred tohe egual to
360 * 216,
cc.coyeragelnfogel (0] omaf:VRange Specifies the elevation range of the sphere region through the centre
evatign_ range point of the sphere region in units of 2716 degrees. \When not present
cc.coveragelnfolelevation range Vis inferred to be
equal to 180 * 216,
The absence of the cc element in the CC descriptor indicates that each Representation covers the entire sphere when a PF
descriptof that applies to the Representation is present.
When a FF descriptor is not present at MPD level or Adaptation Set level, there' shall be no CC descriptor present in the
AdaptationSet element.
The data types for various elements and attributes shall be as defined,in the XML schema. An XML schema for the CC
descriptoff shall be as shown below. The schema shall be regresented in an XML schema that has namespade
urn:mpe¢qg:mpegl:omaf:2017 and is specified as follows:

q

q

?xml version="1.0" encoding="UTF-8"2>
xs:schema xmlns:xs="http://www.w3.0xg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpeglvomaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">
<xs:element name="cc" type="omaf:CCType"/>
<xs:complexType name="CCType">
<xs:sequence>
<xs:elementriame="coverageInfo" type="omaf:coverageInfoType"
minOccurs="1" maxOccurs="255"/>
<xs:apyw.ramespace="##other" processContents="lax" minOccurs="0"
maxQecurs="unbounded" />
</xs:sedquence>
<xs:abttribute name="shape type" type="xs:unsignedByte" use="optional"
efault="08/%
<xsgafitribute name="view idc presence flag" type="xs:boolean" use="optional"
efaule=a"/>
<xs:attribute name="default view idc" type="omaf:ViewType" use="optional"/
<xs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>

<xs:complexType name="coverageInfoType">
<xs:attribute name="view idc" type="omaf:ViewType" use="optional"/>
<xs:attribute name="centre azimuth" type="omaf:Rangel" use="optional"

default="0"/>

<xs:attribute name="centre elevation" type="omaf:Range2" use="optional"

default="0"/>

<xs:attribute name="centre tilt" type="omaf:Rangel" use="optional"

default="0"/>

<xs:attribute name="azimuth range" type="omaf:HRange" use="optional"

default="23592960"/>

<xs:attribute name="elevation range" type="omaf:VRange" use="optional"

default="11796480"/>

78

<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
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<xs:simpleType name="Rangel">
<xs:restriction base="xs:int">
<xs:minInclusive value="-11796480"/>
<xs:maxInclusive value="11796479"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="Range2">
<xs:restriction base="xs:int">
<xs:minInclusive value="-5898240"/>
<xs:maxInclusive value="5898240"/>
</xs:restriction>
TmoteType
<xs:simpleType name="HRange">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="23592960"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="VRange">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="11796480"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="ViewType">
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

o]

3.5  Signalling of spherical region-wise quality ranking

by

SupplementalProperty element with a @schemeIdUri attribute eqpal to
"lurn:mpeg:mpegl:omaf:2017:srqgr" isreferred to as a spherical region-wise quality ranking (SRQR) descriptor.

t most one SRQR descriptor for each sphRegionQuality@shape type value of 0 and 1 may be present at
daptation Set level. At most one SRQR descriptor for each sphRegionQual ity@shape type value of 0 @and 1 may
e present at Representation level. A SRQR descriptor shall not be present at MPD level.

— o> >

he SRQR descriptor indicates a quality ranking value of a quality ranking sphere region relative to:
- other quality ranking sphere regions in the same Adaptation Set, and

- when sphRegionQuality@quality ranking local flag is equal to 0, SRQR descripfors with
sphRegionQuality@quality ranking local flag equal to 0 and @qualityRanking vajues in all
Adaptation-Sets that have the same @value in the DASH Viewpoint element as the Adaptation Set ¢ontaining
this SRQRdescriptor or containing the Representation that contains this SRQR descriptor.

NOTE 1 -As.specified in ISO/IEC 23009-1, the handling of the Viewpoint element is recommended to be applied gqually for
r¢cognizeéd-and unrecognized @schemeIdUri values. It is suggested to use the same @schemeIdUri value for all Viewpoint
elements in all Adaptation Sets of the same omnidirectional audio-visual content within the same Period.

The sphere region for the quality-ranking is specified by syntax elements shape type, centre azimuth,
centre elevation, centre tilt, azimuth range, elevation range in SphereRegionStruct as
specified in subclause 7.7. When the quality ranking value sphRegionQuality.qualitylnfo@quality ranking iS
non-zero, the picture quality within the entire indicated quality ranking sphere region is approximately constant.

When the SRQR descriptor that applies to a Representation is present and a SphereRegionQualityRankingBox
with the same shape type as that in the SRQR descriptor is present in the track corresponding to the Representation, the
SRQR descriptor shall carry equivalent information as the SphereRegionQualityRankingBox.

The @value attribute of the SRQR descriptor shall not be present. The SRQR descriptor shall include a
sphRegionQual ity element with its sub-elements and attributes as specified in Table 15.
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Table 15 — Semantics of elements and attributes of SRQR descriptor

Elements and Use | Data type Description
attributes for
SRQR descriptor

sphRegionQuali 1 omaf:SphRegio | Container element which includes one or more quality information elements
ty nQualityType (sphRegionQuality.qualityInfo) and common set of attributes
(sphRegionQuality@shape type,
sphRegionQuality@remaining area flag,
bp;chg;unquaiitye J.ew_j.u(,_pf.e CIce_L ITdg,
sphRegionQuality@quality ranking local flag,
sphRegionQuality@quality Type,
sphRegionQuality@default view idc) that apply to alll those
quality information elements.

sphRegionQuali O | xs:unsignedByt | Value 0 specifies that the quality ranking sphere region is indieated through four
ty@shgpe type e great circles as specified in subclause 7.7.2.3. Value 1 specifies that the quality
ranking sphere region is indicated through two azimuth,and two elevation
circles as specified in subclause 7.7.2.3.( When not present
sphRegionQuality@shape type is inferréd’to be equal to O.

sphRegionQuali 0 xs:boolean Value 0 specifies that all the quality rankingssphere regions are specified by the
ty@renqaining a signalled sphRegionQuality._qualitylnfo elements. Value 1
rea flag specifies that all except the last quality ganking sphere regions are specified by

the signalled sphRegionQuality.qualitylnfo elements, and the last
remaining quality ranking sphereiregion is the sphere region within the content
coverage, not covered by the<union of the quality ranking sphere regions
specified by the signalled sphRegionQuality.qualitylnfo elements.
When not present sphRegionQuality@remaining area flag is
inferred to be equal.te. 0. The last remaining quality ranking sphere region may
be on both the left and right views.

NOTE 2 WhemssphRegionQuality@remaining area flagisequal
to 1, the gqual'i ty Info element is present for the last quality ranking sphere
region % but excludes @centre azimuth, Q@centre elevation,
@centre tilt, @azimuth range, and Qelevation range

attributes.
sphRegionQuali O | xs:boolean Value 0 specifies that sphRegionQuality.qualitylInfo@view idc
ty@vigw idc pr is not signalled in each sphRegionQuality.qualitylnfo element.
esenceg flag Value 1 specifies that sphRegionQuality.qualitylInfoeview idc

is signalled and indicates the association of quality ranking sphere regions with
particular (left or right or both) views or monoscopic content. When not present
sphRegionQuality@view idc presence flag is inferred to be

equal to 0.
sphRegionQuali | O | xs:boolean Value 0 specifies that the quality ranking information provided in this instance
tyQlquglity ranm of this descriptor is relative to the quality ranking information provided in all
king local fla instances of this descriptor with
g sphRegionQuality@quality ranking local flagequaltoO

and in all instances of @qualityRanking in all Adaptation Sets that have
the same @value in the DASH Viewpoint element as this Adaptation Set.
Value 1 specifies that the quality ranking information provided in this instance
of this descriptor is relative to the quality ranking information provided in all
instances of this descriptor in this Adaptation Set only. When not present, the
value of sphRegionQuality@quality ranking local flagis
inferred to be equal to 0.

NOTE 3 sphRegionQuality@quality ranking local flag
equal to 1 might be used in the main Adaptation Set of a Preselection and
sphRegionQuality@quality ranking local flag equal to 0
could be used in Adaptation Sets that are not the main Adaptation Sets of a
Preselection.
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Elements and
attributes for
SRQR descriptor

Use

Data type

Description

sphRegionQualit
Y@quality type

omaf:Quality Ty
pe

Indicates which factor causes the differences in the quality of packed regions
on the picture. Value 0 specifies that all packed regions correspond to the same
projected picture resolution. Value 1 specifies that at least one horRatio value,
as derived in subclause 5.4.2, may differ from other horRatio values among all
pairs of packed and projected regions of the picture or at least one verRatio
value, as derived in subclause 5.4.2, may differ from other verRatio values

amana-allnalkc of naclkad and nratactad ronionc of tho nictiira \/aliac reater
ameng-aH-pairs-of-packed-and-projected—regions-of-the-picture—alues g

1 are reserved.

sphRegionQuali
ty@default vie
w_idc

CM

omaf:ViewType

Value 0 indicates that all the quality ranking sphere regions-are’morjoscopic.
Value 1 indicates that all the quality ranking sphere regionsiare’on the |eft view
of stereoscopic content. Value 2 indicates that all the-quality ranking sphere
regions are on the right view of stereoscopic content(Value 3 indicatef that all
the quality ranking sphere regions are on both\the left and right views.
sphRegionQuality@default view idg ~ shall be preserft when
sphRegionQuality@view idc preSence flag is equal to O.
sphRegionQuality@default viéw,idc shall be absenf when
sphRegionQuality@view idg~presence flag isequal to[l.

sphRegionQuali
ty.qualityInfo

omaf:QualityInf
oType

Element whose attribute
sphRegionQuality.quakitylnfolquality ranking pro
quality ranking for one quality ranking sphere region described by its
attributes sphRegionQuality.qualitylnfolview idc,
sphRegionQual ity .qualitylnfotcentre azimuth,
sphRegionQuality.qualitylnfolcentre elevation,
sphRegionQéality.qualitylnfotcentre tilt,
sphRegionQuality.qualitylnfolazimuth range,
sphRegionQuality.qualitylnfotelevation range.

ides

sphRegionQuali
ty.qualitylnfo
@guality ranki
ng

xs:unsignedByt
e

Specifies a quality ranking value of the quality ranking sphere region.
sphRegionQuality.qualitylnfolquality rankingequplto0
indicates that the quality ranking is not defined. When quality ranking|sphere
region A has a non-zero
sphRegionQuality.qualitylnfolquality ranking valde less
than the sphRegionQuality.qualityInfolquality rankfng
value of quality ranking sphere region B, quality ranking sphere region A has
a higher quality than quality ranking sphere region B. When quality rahking
sphere region A partly or entirely overlaps with quality ranking spherd region
B, sphRegionQuality.qualitylnfo@quality ranking ¢f
quality ranking sphere region A shall be equal to
sphRegionQuality.qualitylnfolquality ranking of quality
ranking sphere region B.

sphRegionQuali
ty.qualityTnfo
@view ddg

CM

omaf:ViewType

Value 0 indicates that the content is monoscopic, value 1 indicates thaf the

quality ranking sphere region is on the left view of stereoscopic content, value
2 indicates that the quality ranking sphere region is on the right view df
stereoscopic content, 3 indicates that the quality ranking sphere region| is on
both the left and right views.
sphRegionQuality.qualitylnfoeview idc shall be presgnt when

SphRegronQualitydview _idc presence rlag Isequaltol.
sphRegionQuality.qualitylnfolview idc shall be absent when
sphRegionQuality@view idc presence flag isequaltoO.

sphRegionQuali
ty.qualitylnfo
@orig width

CM

xs:unsignedSho
rt

Indicates the width of such a monoscopic projected picture for which horRatio,
as derived in subclause 5.4.2 for each of the packed regions that cover the
quality ranking sphere region, is equal to 1. Shall not be present when
sphRegionQuality@quality type isnotequal to 1. Shall be present
when sphRegionQuality@quality type isequalto 1.
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ty.qualitylnfe
@elevdtion ran
ge

Elements and Use | Data type Description

attributes for

SRQR descriptor

sphRegionQualt | CM | xs:unsignedSho | Indicates the height of such a monoscopic projected picture for which verRatio,

ty.qualitylnfo rt as derived in subclause 5.4.2 for each of the packed regions that cover the

@orig_height quality ranking sphere region, is equal to 1. Shall not be present when
sphRegionQuality@quality type isnotequal to 1. Shall be present
when sphRegionQuality@quality type isequal to 1.

sphRegionQuali CM | omaf:Rangel Specifies the azimuth of the centre point of the quality ranking sphere region

ty.qualityinfo in units of 2716 degrees, relative to the global coordinate axes.

@centfe_azimut sphRegionQuality.qualitylnfolcentre azimuth  shall."“be

h present when sphRegionQuality@remaining area flag (is'equal
to 0. sphRegionQuality.qualitylnfo@centre azimuth shall be
absentin only one sphRegionQuality.qualitylInfo elementand shall
be present in all the other sphRegionQuality.qualityinfo elements
when sphRegionQuality@remaining area flé&gytisequal to 1.

sphRegionQuali [ CM | omaf:Range2 Specifies the pitch of the centre point of the quality (ranking sphere region, in

ty.qualitylnfo units of 271 degrees, relative to the.dlebal coordinate axes.

@centye_elevat sphRegionQuality.qualitylnfolcemrtxe elevation shall be

ion present when sphRegionQuality@refiatning area flag isequal
to 0. sphRegionQuality.qualitylnfolcentre elevation shall
be absent in only one sphRegionQuality.qualitylnfo element and
shall be present in all the othet\SphRegionQuality.qualitylnfo
elements when sphRegionQualiity@remaining area flag isequal
to 1.

sphRegionQuali [ CM | omaf:Rangel Specifies the tilt angle_for the quality ranking sphere region in units of 2716

ty.qualitylinfo degrees. sphRegion@uality.qualitylnfoecentre tilt shall be

@centfe tilt present when sphRegionQuality@remaining area flag isequal
to 0. sphRegi#onQuality._qualityInfoGcentre tilt shall be
absent one_sphRegionQuality.qualityInfo element and shall be
present_imall the other sphRegionQuality.qualitylnfo elements
when sphRegionQuality@remaining area flag isequal to 1.

sphRegionQuali [ CM | omaf:HRange Specifies the azimuth range of the quality ranking sphere region through its

ty.qualitylinfo eentre point in units of 2716 degrees.

@Gazimyth range sphRegionQuality.qualitylnfo@azimuth range shall be
present when sphRegionQuality@remaining area flag isequal
to 0. sphRegionQuality.qualitylnfolazimuth range shall be
absent in only one sphRegionQuality.qualitylnfo element and
shall be present in all the other sphRegionQuality.qualitylnfo
elements when sphRegionQuality@remaining area flag is
equal to 1.

sphRegionQuali_|>€EM | omaf:VRange Specifies the elevation range of the quality raking sphere region through its

centre point in units of 2716 degrees.
sphRegionQuality.qualitylnfofelevation range shall be
present when sphRegionQuality@remaining area flag isequal
to 0. sphRegionQuality.qualitylnfolelevation range shall

be absent in only one sphRegronQuality.quali€yTnto element and
shall be present in all the other sphRegionQuality.qualitylnfo
elements when sphRegionQuality@remaining area flag isequal
to 1.

NOTE 4 A player is recommended to parse spherical region-wise quality ranking (SRQR) descriptors and select the Adaptation Sets
and Representations that matches the user's viewing orientation in a manner that:
- The quality ranking value on the region covering the viewport is greater than 0 and less than that for other regions.
- The resolution of the region covering the viewport is suitable for the display. If sphRegionQualityGquality typeis
equal to 1, sphRegionQuality.qualitylnfotorig widthand
sphRegionQuality.qualitylnfolorig height represent the width and height of the monoscopic projected picture
from which the packed region covering the viewport has been extracted. Otherwise, width and height of
VisualSampleEntry could be used to conclude the resolution on the viewport.
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The data types for various elements and attributes shall be as defined in the XML schema. An XML schema for SRQR is
defined as shown below. The schema shall be represented in an XML schema that has namespace
urn:mpeg:mpegl:omaf:2017 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?2>

<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">

<xs:element name="sphRegionQuality" type="omaf:SphRegionQualityType"/>
<xs:complexType name="SphRegionQualityType">
<xs:sequence>
<xs:element name="qualityInfo" type="omaf:QualityInfoType"
minOccurs="1" maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" minOccups="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="shape type" type="xs:unsignedByte!'lmnse="optionall
default="0"/>
<xs:attribute name="remaining area flag" type="xs;Bodélean" use="optipnal"
default="0"/>
<xs:attribute name="view idc presence flag" types"xs:boolean"
use="optional" default="0"/>
<xs:attribute name="quality ranking local flag" type="xs:boolean"
use="optional" default="0"/>
<xs:attribute name="quality type" type=omaf:QualityType" use="requifred"/>
<xs:attribute name="default view idc"{ type="omaf:ViewType" use="optipnal"/>
<xs:anyAttribute namespace="##other™(processContents="1lax"/>
</xs:complexType>

<xs:complexType name="QualityInfoT{pe">
<xs:attribute name="duality ranking" type="xs:unsignedByte"
use="required"/>
<xs:attribute namg='"view idc" type="omaf:ViewType" use="optiopal"/>
<xs:attribute name="orig width" type="xs:unsignedShort"
use="optional"/>
<xs:attribufle name="orig height" type="xs:unsignedShort"
use="optional"/>
<xs:atttribute name="centre azimuth" type="omaf:Rangel"
use="optional"/>
<xs¢abtribute name="centre elevation" type="omaf:Range2"
use="optional"/>
<xs:attribute name="centre tilt" type="omaf:Rangel" use="optipnal"/>
<xs:attribute name="azimuth range" type="omaf:HRange"
use="optional™/>
<xs:attribute name="elevation range" type="omaf:VRange"
use="optiohal"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
hxs:complexType>
<xs:simpleType name="Rangel">
<xs:restriction base="xs:int">
<xs:minInclusive value="-11796480"/>
<xs:maxInclusive value="11796479"/>

crostriction

</xs:simpleType>
<xs:simpleType name="Range2">
<xs:restriction base="xs:int">
<xs:minInclusive value="-5898240"/>
<xs:maxInclusive value="5898240"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="HRange">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="23592960"/>
</xs:restriction>
</xs:simpleType>
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<xs:simpleType name="VRange">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="11796480"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="QualityType">
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="15"/>
</xs:restriction>

TmoteType
<xs:simpleType name="ViewType">
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
</xs:simpleType>
/xs:schema>

8.3.6  $ignalling of 2D region-wise quality ranking

o

A SupplementalProperty element with a @schemeIdUri aftribute equal 1
"urn:mpeg:mpegl:omaf:2017:2dgr" is referred to as a 2D region-wise quality ranking (2DQR) descriptor.

At most gne 2DQR descriptor may be present at Adaptation Set level. At most one*2DQR descriptor may be present at
Representation level. A 2DQR descriptor shall not be present at MPD level.

The 2DQR descriptor indicates a quality ranking value of a quality ranking 2D 'region relative to

— othef quality ranking 2D regions in the same Adaptation Set, and

=

— whep twoDRegionQuality@quality ranking lofal flag is equal to 0, 2DQR descriptors wif
twoDRegionQuality@quality ranking localyflagequaltoOand @qualityRanking valuesin g
Adaptation Sets that have the same @value in the DASH Viewpoint element as the Adaptation Set containin
this PDQR descriptor or containing the Representation-that contains this 2DQR descriptor.

Q =

NOTE 1 As specified in ISO/IEC 23009-1, the handlinglof the Viewpoint element is recommended to be applied equally f
recognized and unrecognized @schemeIdUri valuesalis suggested to use the same @schemeIdUri value for all Viewpoin
elements in all Adaptation Sets of the same omnidirectional audio-visual content within the same Period.

~ =

D

When the|quality ranking value twoDRegi#onQual ity . twoDqualitylnfolquality ranking isnon-zero, th
picture guality within the entire indicated quality ranking 2D region is approximately constant.

When the|2DQR descriptor that applies to a Representation is present and a 2DRegionQualityRankingBox is present
in the track corresponding tethe Representation, the 2DQR descriptor shall carry equivalent information as tHe
2DRegi¢nQualityRankihgBox.

[}

The @vglue attribute<of the 2DQR descriptor shall not be present. The 2DQR descriptor shall include
twoDReg i onQuad ity element with its sub-elements and attributes as specified in Table 16.

Table 16 — Semantics of elements and attributes of 2DQR descriptor

Elements and Use | Data type Description
attributes for 2DQR
descriptor

twoDRegionQuali 1 | omaf:twoDR | Container element which includes one or more 2D region quality information
ty egionQuality | elements (twoDRegionQuality.twoDqualitylInfo)and common set
Type of attributes (twoDRegionQual ity@remaining area flag,
twoDRegionQuality@view idc presence flag,
twoDRegionQuality@quality ranking local flag,
twoDRegionQuality@quality type,
twoDRegionQuality@default view idc) that apply to all those
quality information elements.
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twoDRegionQuali
tyCremaining ar
ea flag

xs:boolean

Value 0 specifies that all the quality ranking 2D regions are specified by the
signalled twoDRegionQuality.twoDqualitylnfo elements. Value 1
specifies that all except the last quality ranking 2D regions are specified by the
signalled twoDRegionQuality.twoDqualitylnfo elements, and the
last remaining quality ranking 2D region is the 2D region within the content
coverage, not covered by the union of the quality ranking 2D regions specified
by the signalled twoDRegionQuality.twoDqualitylnfo elements.
When not present twoDRegionQuality@remaining area flag is
inferred to be equal to 0. The last remaining quality ranking 2D region may be
on both the left and right views.

NOTE 2 When twoDRegionQuality@remaining area fladisequal
to 1, the twoDqual ity Info element is present for the last quality. rafking 2D
region but excludes @left offset, @top offset, Qregion [width,
and @region height attributes.

twoDRegionQuali
ty@view idc pre
sence flag

xs:boolean

Value 0 specifies that
twoDRegionQuality.twoDqualitylnfo@yview idc isnot
signalled. Value 1 specifies that
twoDRegionQuality.twoDqualitylnfolview idc is signalled and
indicates the association of quality ranking.2DTegions with particular (left or
right or both) views or monoscopic coptent. When not present
twoDRegionQuality@view idé_presence flagis inferred fo be
equal to 0.

twoDRegionQuali
ty@quality rank
ing local flag

xs:boolean

Value 0 specifies that the quality’ranking information provided in this ipstance
of this descriptor is relative\to the quality ranking information provided|in all
instances of this descriptorwith
twoDRegionQuality@quality ranking local flagequaltoO
and in all instances.of @qualityRanking in all Adaptation Sets that/have
the same @vaLue in the DASH Viewpoint element as this Adaptatign Set.
Value 1 specifies that the quality ranking information provided in this ipstance
of this descriptor is relative to the quality ranking information provided:lin all
instancés of this descriptor in this Adaptation Set only. When not present, the
value of twoDRegionQuality@quality ranking local fllagis
inferred to be equal to 0.

NOTE 3 twoDRegionQuality@quality ranking local fflag

equal to 1 might be used in the Main Adaptation Set of a Preselection and
twoDRegionQuality@quality ranking local flag eqial to O
could be used in Adaptation Sets that are not the main Adaptation $ets of a
Preselection.

twoDRegionQuali
tyCquality type

omaf:Quality
Type

Indicates which factor causes the differences in the quality of packed regions on
the picture. Value 0 specifies that all packed regions correspond to the same
projected picture resolution. Value 1 specifies that at least one horRatio yalue, as
derived in subclause 5.4.2, may differ from other horRatio values amongall pairs
of packed and projected regions of the picture or at least one verRatio Value, as
derived in subclause 5.4.2, may differ from other verRatio values among|all pairs
of packed and projected regions of the picture. Values greater 1 are resgrved.

twoDRegionQuali
tyldefault view
_dc

CM

omaf:ViewT
ype

Value 0 indicates that all the quality ranking 2D regions are monoscopic. Value

1 indicates that all the quality ranking 2D regions are on the left [view of
stereoscopiccontent.\alue 2 indicates that all the quality ranking 2D regions are

on the right view of stereoscopic content. Value 3 indicates that all the quality
ranking 2D regions are on both the left and right views.
twoDRegionQuality@default view idc shall be present when
twoDRegionQuality@view idc presence flag is equal to O.
twoDRegionQuality@default view idc shall be absent when
twoDRegionQuality@view idc presence flag isequalto 1.
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nfo

twoDRegionQual i
ty.twoDqualityI

omaf:twoDQ
ualitylnfoTy

pe

Element whose attribute
twoDRegionQuality.twoDqualitylnfolquality ranking
provides quality ranking for one quality ranking 2D region described by its
attributes twoDRegionQual ity . twoDqualityInfolview idc,
twoDRegionQuality.twoDqualitylnfo@left offset,
twoDRegionQuality.twoDqualitylnfoltop offset,
twoDRegionQuality.twoDqualityInfolregion width,
twoDRegionQuality.twoDqualitylnfo@region height.

twoDRegionQuali
ty.twoDqualityl

xs:unsignedB
yte

Specifies a quality ranking value of the quality ranking 2D region.
twoDRegionQuality.twoDqualitylnfolquality ranking equal

nfoeqy
king

ality ran

to O indicates that the quality ranking 1s not defined. When quality ranking 2D,
region A has a non-zero
twoDRegionQuality.twoDqualitylnfo@quality rankingfalue
less than the

twoDRegionQuality.twoDqualitylnfolquality rankimwg value
of quality ranking 2D region B, quality ranking 2D region A has-a*higher
quality than quality ranking 2D region B. When quality ranking2D region A
partly or entirely overlaps with quality ranking 2D regionB,
twoDRegionQuality.twoDqualityInfoRquality ranking of
quality ranking 2D region A shall be equal to
twoDRegionQuality.twoDqualityInfo@auality ranking of
quality ranking 2D region B.

twoDR{
ty . twq
nfoRv]

gionQuali
Dqualityl

ew idc

CM

omaf:ViewT
ype

Value 0 indicates that the content is monoseopic, value 1 indicates that the quality
ranking 2D region is on the left view. of\stereoscopic content, value 2 indicates
that the quality ranking 2D region is.on the right view of stereoscopic content, 3
indicates that the quality ranking)2D'region is on both the left and right views.
twoDRegionQuality.twoDgualitylnfoeview idc shall be present
when twoDRegionQuakity@view idc presence flag isequalto 1.
twoDRegionQual ity, twoDqualitylnfolview idc shall be absent
when twoDRegionQuality@view idc presence flag is equal to
0.

twoDR4
ty - twg
nfokoq

gionQuali
Dqualityl
ig_width

CM

xs:unsignedS
hort

Indicates the.width of such a monoscopic projected picture for which horRatio,
as derivedcin subclause 5.4.2 for each of the packed regions that cover the quality
ranking ‘sphere region, is equal to 1. Shall not be present when
twoDRegionQualityGquality type isnotequal to 1. Shall be present
when twoDRegionQuality@quality type isequalto 1.

twoDR4
ty - twg
nfokoq

gionQuali
Dqualityl
ig _height

CM

xs:unsignedS
hort

Indicates the height of such a monoscopic projected picture for which verRatio,
as derived in subclause 5.4.2 for each of the packed regions that cover the quality
ranking sphere region, is equal to 1. Shall not be present when
twoDRegionQuality@quality type isnotequal to 1. Shall be present
when twoDRegionQuality@quality type isequal to 1.

twoDR{
ty . twq
nfor1ld

gionQuali
Dqualityl
ft offset

M

xs:unsignedS
hort

Specifies the horizontal coordinate of the upper left corner of the quality
ranking 2D region within the picture in units of luma samples.
twoDRegionQuality.twoDqualitylnfo@left offset shall be
present when twoDRegionQuality@remaining area flag isequal
to 0. twoDRegionQuality.twoDqualitylnfocleft offset shall
be absent in only one twoDRegionQual ity . twoDqual ity Info element
and shall be present in all the other

twobRegTonQuathity twobquatitytmfoetementswhen
twoDRegionQuality@remaining area flag isequal to 1.

twoDRegionQuali
ty.twoDqualityl
nfoltop offset

CM

xs:unsignedS
hort

Specifies the vertical coordinate of the upper left corner of the quality ranking
2D region within the picture in units of luma samples.
twoDRegionQuality.twoDqualitylnfoltop offset shall be
present when twoDRegionQuality@remaining area flag isequal
to 0. twoDRegionQuality.twoDqualitylnfoltop offset shall
be absent in only one twoDRegionQual ity .twoDqualityInfo element
and shall be present in all the other

twoDRegionQual ity .twoDqual ity Info elements when
twoDRegionQuality@remaining area flag isequal to 1.
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shall be absent in only one twoDRegionQual ity .twoDqualityl
element and shall be present in all the other

twoDRegionQual ity .twoDqual ity Info elements when
twoDRegionQuality@remaining area flag isequal to 1.

twoDRegionQuali [ CM | xs:unsignedS | Specifies the width of the quality ranking 2D region within the picture in units

ty.twoDqualityl hort of luma samples.
nfolregion widt twoDRegionQuality.twoDqualitylnfo@region width shall be
h present when twoDRegionQuality@remaining area flag isequal

to 0. twoDRegionQuality.twoDqualitylnfolregion width

nfo

n units

twoDRegionQuali | CM | xsunsignedS | Specifies the height of the quality ranking 2D region within the picture
ty.twoDqualityl hort of luma samples.

nfo@region_heig twoDRegionQuality.twoDqualitylnfo@region heidht
ht present when twoDRegionQuality@remaining area)flag

to 0. twoDRegionQuality.twoDqualitylnfo@region hei
shall be absent in only one twoDRegionQual ity .twobqualityl
element and shall be present in all the other

twoDRegionQual ity .twoDqual ity Info elements when
twoDRegionQuality@remaining area fdag isequalto 1.

shall be
is equal
ht
nfo

bl

OTE 4 A player is recommended to parse 2D region-wise quality ranking (2DQR) deseriptors and select the Adaptatid
epresentations that matches the user's viewing orientation in a manner that:

- The quality ranking value on the region covering the viewport is greater than 0 andless than that for other regions.

- The resolution of the region covering the viewport is suitable for the display.df.twoDRegionQuality@quality ty|
to 1, twoDRegionQuality.twoDgualitylnfotorig width
twoDRegionQuality.twoDqualitylnfolorig height represent the width and height of the monoscopi
picture from which the packed region covering the viewport<has been extracted. Otherwise, width and h
VisualSampleEntry could be used to conclude the resolution‘on the viewport.

Pyl

he data types for various elements and attributes shall béas defined in the XML schema. An XML schema fo
efined as shown below. The schema shall ' represented in an XML schema that has n
rn:mpeqg:mpegl:omaf:2017 and is specified\as follows:

o

(o

<?xml version="1.0" encodings“UTF-8"?>

<xs:schema xmlns:xs="http ;4 fwww.w3.0rg/2001/XMLSchema"
targetNamespace="urnimpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:tmpegl:omaf:2017"
elementFormDefault="qualified">

<xs:element_name="twoDRegionQuality" type="omaf:twoDRegionQualityType"/>
<xs:complexType name="twoDRegionQualityType">
<xs:§egluence>
¥xs:element name="twoDqualityInfo" type="omaf:twoDQualityInfoTyp
minOccuré=1" maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOcdetrs="unbounded" />
</xs:sequence>
<xs:attribute name="remaining area flag" type="xs:boolean" use="opti
default="0"/>
<xs:attribute name="view idc presence flag" type="xs:boolean"
use="optional" default="0"/>

n Sets and

be isequal

and
projected
eight of

2DQR is
amespace

bnal"

STATTTIbUTE nmame="quality Tanking focal rriag ™ Type="X3:poolean
use="optional" default="0"/>

<xs:attribute name="quality type" type="omaf:QualityType" use="required"/>
<xs:attribute name="default view_ idc" type="omaf:ViewType" use="optional"/>

<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

<xs:complexType name="twoDQualityInfoType">
<xs:attribute name="quality ranking" type="xs:unsignedByte"
use="required"/>

<xs:attribute name="view idc" type="omaf:ViewType" use="optional"/>

<xs:attribute name="orig width" type="xs:unsignedShort"
use="optional"/>
<xs:attribute name="orig height" type="xs:unsignedShort"
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use="optional"/>

<xs:attribute name="left offset" type="xs:unsignedShort"

use="optional"/>

<xs:attribute name="top offset" type="xs:unsignedShort"

use="optional"/>

<xs:attribute name="region width" type="xs:unsignedShort"

use="optional"/>

<xs:attribute name="region height" type="xs:unsignedShort"

use="optional"/>

<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

8.3.7
A Sy

"urn:my

At most ¢
or Repres

The FOM
Fisheyq

shall inclyde an omaf:@view dimension_idc attribute'whose value shall be as specified in Table 17.

J..IHJ:JJ_UJ. pe IIdllic—= QuclJ_J..L LYP<
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="15"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="ViewType">
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
</xs:simpleType>
/%xs:schema>

ignalling of fisheye omnidirectional video

pplementalProperty element with a @scheméIdUri attribute equal fo
eg:mpegl:omaf:2017:fomv" isreferred to as a fisheye omnidirectional video (FOMV) descriptor.

ne FOMV descriptor may be present at Adaptation Set level..AnFOMYV descriptor shall not be present at MPD
entation level.

V descriptor indicates that each Representation carries-a fisheye omnidirectional video track containing |a

=

tOmniVideoBox. The @value attribute of the FOMYV descriptor shall not be present. The FOMV descriptd

Table 17 — Semantics.of.omaf:@view_dimension_idc attribute

Attribute for Use Data type Description
FOMV
descriptor
omaf:@view_ M omaf:viewD | Has the same semantics as the view dimension idc syntax element (as
dimengion_ i ldcTFype specified in subclause 6.2.2) of the FisheyeVideoEssentialInfoStruct
de syntax structure in the FisheyeOmniVideoBox in the tracks carried in the

Representations of this Adaptation Set.

For 1SO base media file format Segments, view dimension_idc shall be equal
to view dimension idc in FisheyeVideoEssentialInfoBox in
sample entries of the Initialization Segment.

The data type for the attribute shall be as defined in the XML schema. An XML schema for fisheye omnidirectional video

signalling

shall be as shown below. The schema shall be represented in an XML schema that has namespace

urn:mpeg:mpegl:omaf:2017 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

88

targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">
<xs:attribute name="view dimension_ idc" type="omaf:viewDIdcType"/>
<xs:simpleType name="viewDIdcType">

<xs:restriction base="xs:unsignedByte">
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<xs:minInclusive value="0"/>
<xs:maxInclusive value="7"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

Omnidirectional media encapsulation and signalling in MMT

Architecture of MMT delivery in OMAF

Eal

— 0

igure 23 depicts the reference architecture for OMAF content delivery over MMT:

NIMT, delivery may use the MMTP protocol over UDP, MMTP/WebSockets/TCP, or another alternative.

F

‘( MMT Sending Entity ]4'""r"“'.
e ) E
> ADC Generator ;
. ) |
Timéd/Non-Timed i
( h R njedia in |
Generator i
. J :

' Viewport

i Feedback

v i Application

MMTP/UDP i Signalling
MMTP/WebSockets i
Presentation Information/ '
Signalling :
< v :
< | f MMT Receiving

Fi L Entity

A

HMD - a
Current Viewport/HMD Information

Figure 23 — Reference Architecture for OMAF over MMT

he OMAF conteént)may be described in ADC (as defined in ISO/IEC 23008-1:2017, subclause 6.5) to assist the MMT
bnding entity-ddring the streaming process. The Presentation Information should contain information to descr|be MPUs
hhat are conformant to OMAF to enable appropriate processing by the application.

TlheZplayer receives information about the current viewing direction and viewport and the HMD characteristi¢s. Only a

portion of the 360 video is needed at a time depending on the current viewing direction. Field-of-view streaming (FoV) or
alternatively called as view-dependent streaming is used to reduce the bandwidth needs during streaming. When MMT is
used, view-dependent streaming may be achieved using one of the following two approaches:

Client-based approach: the MMT receiving entity may be instructed by the player to select a subset of the Assets that
carry video data covering the current viewport. MMT session control procedures as defined in ISO/IEC 23008-1 shall
be used to request the selected set of Assets from the MMT sending entity. The player uses the VR application specific
signalling message to convey the content coverage and the region-wise packing information in accordance with the
definitions in subclauses 7.5.3, 7.6 and 9.3, to select appropriate asset to switch to for view-dependent streaming.

Server-based approach: the MMT receiving entity relies on the MMT sending entity to select the correct subset of
assets that provide video content to cover the current viewport. The receiving entity uses the VR application-specific
signalling as described in subclause 9.3 to send information about the current viewport to the sending entity.
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9.2

OMAF signalling in MPEG composition information

MMT supports MPEG ClI as the presentation information that describes the media presentation. In MPEG CI, OMAF assets
shall be mapped to a to an HTMLS5 canvas element instead of an HTML5 video element as shown in the following example:

The codq

The user
the omnid

For view-
dependen
MMT ses|

9.3

931

MMT, sp
applicatig
specificat
message §
value of '

A new as
VR inforr]
is also def

In the spe

The VRV

<MediaSync begin="T10M5S" dur="T32M" reflId="canvasl">

<sourcelist componentId="VRvideo">
<mediaSrc

mimeType='video/mp4;codecs="encv.cbcs.resv.podv+erpv.hvcl™'>
medial.mp4</mediaSrc>

(

VR
streg

VR
depd

VR

VR
the 3
rece

</sourceList>
/MediaSync>

tcs MIME type parameter shall be set according to subclause 7.1.8.

=

hgent should decode the OMAF asset in the background, e.g. using a hidden HTML5 video element and rendg
irectional media to the referenced HTML5 canvas element.

Hependent media streaming and playback, the media data should be retrieved using a protocol that supports view
streaming of VR content, such as using MMT with VR specific signalling (see subgtause 9.3). In such case, §
Sion entry point should be used as the mediaSrc element.

=]

/R application-specific MMT signalling

Seneral

peified in 1ISO/IEC 23008-1, defines an application-specific signalling message that allows for the delivery g
n-specific information. For the purpose of streaming VR content that is formatted according to the OMA|
on, a VR specific Asset descriptor, a stereo video Asset.descriptor, and a VR application-specific signallin
re defined. The VR application-specific signalling message shall have an application identifier with a URN ¢
urn:mpeg:mmt:app:vr:2017" that is specifiediin ISO/IEC 23008-1.

—_.Q 11 =

D

et descriptor for OMAF VR formatted content.is defined under the name VR information asset descriptor. Th
nation descriptor shall be present in all assets that carry OMAF formatted content. A stereo video asset descriptd
ined, and shall be present in all assets thatcarry OMAF VR formatted stereoscopic content.

=

cified VR signalling message, the following set of application message types are defined:

iewDependentSupportQuery: the client uses this command to discover if the server supports view-dependemnt
ming.

iewDependentSupportResponse: the server replies with an indication of its support capability for view
ndent streaming.

iewportChangeFeedback: the receiving entity sends an indication of the current viewport to the sending entity

iewDependentAssetsinformation: upon determining the set of OMAF assets that match the requested viewport
endingentity sends this message to inform the client about the new OMAF assets that will be streamed to th
ving entity.

[¢)

'mmpnrt(‘hnngnﬁnndhnrk and \/D\/inwl‘)npnndnanccntcInfnrmntinn message-are used mgm‘hnr tosupport

server-driven view-dependent streaming of OMAF assets. The content selection message is used to support the client-
driven view-dependent streaming scenario, respectively.

To support guided rendering, where the renderer follows an indicated Region of Interest, or to follow the recommended
viewport timed metadata track of OMAF, the VRROIGuide application message type is defined.

The list of defined application message types is provided in Table 18.

90

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=cdd2a0771b2672677fa9f40a1c9bcbf2

ISO/IEC 23090-2:2019(E)

Table 18 — VR application message types

Application message type Application message name
0x01 VRViewDependentSupportQuery
0x02 VRViewDependentSupportResponse
0x03 VRViewportChangeFeedback
UXu4 VKViEWUEpt‘Hdenl/—\bbetlHIUledliUH
0x05 VRROIGuide
0x06 VR3DAudioAssetInformation
0x07-0xFF Reserved for future use

93.2 MMT signalling

©

.3.2.1 VR information asset descriptor

.3.2.1.1  General

9

Tlhis asset descriptor is used to inform the receiving entity and theYRapplication about the content of the cufrent asset
that carries VR content. The information describes the projection:type that is used, how the VR content is region-wise
frame packed, and what areas on the sphere it covers. The indication if content is stereoscopic with frame packing is
provided through a separate asset descriptor.

©

.3.2.1.2  Syntax

—

he syntax of the VR information asset descriptor, is shown in Table 19.

Table-19— VR information asset descriptor syntax

Syntax Value No. of bits | Mnenponic
VR information descriptor () {
descriptor_tag 16 uimpbf
descriptorZlength 16 uimpbf
rwfp_flag 1 bslpf
srgr_A£lag 1 bslpf
2dgrxFlag 1 bslpf
reserved 11111 5 bslpf

ProjectionFormatStruct()
InitialViewingOrientationSample()

contentCoverageStraetd
if (rwfp flag == 1) {
RegionWisePackingStruct()
}
if (srgqr flag == 1) {
SphereRegionQual ityRankingStruct()
}
if (2dgr flag == 1) {
2DRegionQual ityRankingStruct()
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9.3.2.13

descriptor tag indicates the type of a descriptor.

Semantics

descriptor length specifies the length in bytes counting from the next byte after this field to the last byte of the
descriptor.

rwfp flag equal to 1 indicates that region-wise frame packing has been applied to the content of this asset and that
the RegionWisePackingStruct that describes it is present.

srgr flag equal to 1 indicates that sphere region quality information is present.

2dgr

Proj
]

Init

Conf

Regl

Sphs

2DR4g

4

InitialViewingOrientationSample() is identical to the definition in subclause 7-7.4.

is identical to the definition in subclause 7.5.5.

rreRegionQualityRankingStruct() indicates a relative quality order of quality ranking sphere regions.

bgionQualityRankingStruct() indicates a relative; quality order of quality ranking 2D regions.

_flag equal to 1 indicates that 2D region quality information is present.

ectionFormatStruct() provides information on the projection format that s/, ~used.
rojectionFormatStruct() is identical to the definition in subclause 7.5.2.
ialViewingOrientationSample() provides information about the current initial viewing orientatiof.

entCoverageStruct() indicates the sphere region(s) covered by the track. ConténtCoverageStruct()

onWisePackingStruct() indicates that the projected pictures are packed.region-wise and require unpacking
rior to rendering, according to the region-wise packing proeess information as indicatedl.
egionWisePackingStruct () isidentical to the definition in subtlause 7.5.3.

phereRegionQualityRankingStruct () isidentical ta:the definition in subclause 7.8.2.

DRegionQualityRankingStruct () is identical ta'the definition in subclause 7.8.3.

9.3.2.2 [ VRViewDependentSupportQuery
9.3.22.1| Syntax
The syntaix of the VRViewDependentSupportQuery'is shown in Table 20.
Table-20 — VRViewDependentSupportQuery
Syhtak Value | No. of bits Mnemonic
Apglication() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
messageg payload{
application_identifier()
if (application identifier ==
"uynempeg:mmt:app:vr:2017")
1
app_message_type 8 uimsbf
if (app_message type == 0x01) {
hmd_hor_resolution 16 uimsbf
hmd_ver_resolution 16 uimsbf
hmd_hor_fov 32 uimsbf
hmd_ver_fov 32 uimsbf
}
}
}
}
92 © ISO/IEC 2019 - All rights reserved
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message_1id indicates the identifier of the VRViewDependentSupportQuery message.

version indicates the version of VRViewDependentSupportQuery message.

length indicates the length of VRViewDependentSupportQuery message in bytes, counting from the beginning of
the next field to the last byte of the VRViewDependentSupportQuery message. The value of this field shall not be

equal to 0.

application identifier indicates the application identifier as a urn that uniquely identifies the application to

consume the contents of this message.

display of the HMD in units of square pixels.

of 0 to 180 * 216, inclusive.

9.3.2.3 VRViewDependentSupportResponse

93.23.1 Syntax

—

he syntax of the ViewDependentSupportResponse is shown in Tabléx21.

app_message type defines an application-specific message type provided in Table 18.

Table 21 - VRViewDependentSupportResponse syntax

hmd _hor resolution and hmd ver resolution provides the horizontal and vertical resoluti

hmd _hor fov and hmd ver fov provide the horizontal and vertical field of view,ofythe HMD, in un
degrees. hmd_hor_fov shall be in the range of 0 to 360 * 2%, inclusive. hmg~ ve’r fov shall be in

on of the

its of 2716
the range

Syntax Value No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
application_tidentifier()
if (application identifier ==
"urn:mpeg:mmt:appsvr:2017")
{
app_message_type 8 uimsbf
if (app _message type == 0x02) {
view_dependent_support 1 bslbf
reserved '1111111" 7 uimsbf

9.3.2.3.2 Semantics

message id indicates the identifier of the VRViewDependentSupportResponse message.

version indicates the version of VRViewDependentSupportResponse message.

length indicates the length of VRViewDependentSupportResponse message in bytes, counting from the beginning
of the next field to the last byte of the VRViewDependentSupportResponse message. The value of this field shall

not be equal to 0.
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application identifier indicates the application identifier as a urn that uniquely identifies the application
to consume the contents of this message.

app_message type defines an application-specific message type provided in Table 18.

view dependent support equal to 1 indicates that view-dependent streaming is supported by the server.
view dependent support equal to 0 indicates that view dependent streaming is not supported by the server.

9.3.2.4 VRViewportChangeFeedback

9.3.24.1| General

The

event to the MMT sending entity to inform about the current VR virtual camera direction.

9.3.24.2| Syntax

The

9.3.2.4.3| Semantics

94

MMT VR receiving entity feedbacks the virtual camera direction information periodically or in case of FOV chianging

syntax of the VRViewportChangeFeedback is shown in Table 22.

Table 22 — VRViewportChangeFeedback

Syntax Value { No of bits Mnemonic
Apglication() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

message payload{
application_identifier()
if (application identifier ==
"uyn:mpeg:mmt:app:vr:2017")
{

app_message_type 8 uimsbf
if (app_message type. 7=5+0x03) {
dirx 16 uimsbf
diry 16 uimsbf
dirz 16 uimsbf
last_processed_media_timestamp 64 uimsbf

1+ d indicates the identifier of the \ID\Iin\Alpnrf(“hangnEnnrihar\l/ messaqe
+cHeH the-tgeRtHHeroHthe V= AHBWPOFRaRge: aare S ge-

mes $ag

version indicates the version of VRViewportChangeFeedback message.

length indicates the length of VRViewportChangeFeedback message in bytes, counting from the beginning of the
next field to the last byte of the VRViewportChangeFeedback message. The value of this field shall not be equal
to 0.

application identifier indicates the application identifier as a urn that uniquely identifies the application
to consume the contents of this message.

app_message type defines an application-specific message type provided in Table 18.
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dirx, diry, and dirz define the x, y, and z component, respectively, of the three-dimensional viewing direction
unit vector in a Cartesian coordinate system with (X, y, z) equal to (1, 0, 0) corresponding to the sphere location
with (¢, 0) equal to (0, 0). The value of dirx, diry, or dirz shall be in the range of 1 to 65535, inclusive,
where 1 corresponds to —1, 32768 corresponds to 0, and 65535 corresponds to +1.

The fields dirx, diry, and dirz may be calculated according to the azimuth ¢ and elevation 0, which may be
obtained from HMD sensor. Herein, the viewing direction denotes a three-dimensional vector from the centre of
the sphere pointing to a location on the surface of the sphere. An example of specifying dirx, diry,and dirz
is given in clause F.2.

has been

ap_pended to the decoder buffer. This field is used by the MMT sending entity to determine the next.media unit
from the new asset that is sent to the OMAF player. The next media unit is the one with a timestamp or| sequence

from the following media timestamp, in order to reduce the delay of receiving the new viewport. This
the transmitted media data from the new asset may overlap in media time with already transmitted
from the old asset. If more than one OMAF asset is being delivered, the minimum' value shall be used.

©

.3.2.5 VRViewDependentAssetInformation

13.25.1  General

his signalling is used to indicate to the receiving entity that MMT packets‘belonging to the new asset as specifjed by the
acket_id will be sent to the receiving entity from the sending entity. Upeh receiving this signal, the next fragment received
y the client belongs to the new Asset as indicated by the packet_id<Based on the asset ID, the renderer is able tq correctly
ssociate the received media with the coverage information and\te correctly render the omnidirectional video|using the
deo texture from the new asset.

< D TOT - O

©

13.2.5.2  Syntax
he syntax of the VRViewDependentAssetinformation is shown in Table 23.

—

Table 23 - /RViewDependentAssetInformation syntax

Syntax Value No. of bits | Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

message pawyload{
appMNcation_identifier()
Tftapplication identifier ==
"urn:mReg:mmt :app:vr:2017")
{

app_message_type 8 uimsbf
if (app message type == 0x04) {
reserverd '1111 1111° 8 bslbf
packet_id 16 uimsbf

ContentCoverageStruct()
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9.3.25.3
message_1id indicates the identifier of the VRViewDependentAssetInformation message.

Semantics

version indicates the version of VRViewDependentAssetinformation message.

length indicates the length of VRViewDependentAssetinformation message in bytes, counting from the beginning
of the next field to the last byte of the VRViewDependentAssetinformation message. The value of this field shall
not be equal to 0.

application identifier indicates the application identifier as a urn that uniquely identifies the application

tb consume the contents of this message.
app |message type defines an application-specific message type provided in Table 18.
packet id indicates the packet id that is associated with the OMAF asset. This field is passed to the renderer fo
indicate the asset ID of the asset that is currently being received and played in high resolution. Based on the ass¢t
ID, the renderer is able to determine the coverage information of the video texture that corresponds to the curremt
gsset.
ContentCoverageStruct () indicates  the  sphere  region(s) covered,“~by the  content.
ontentCoverageStruct() is identical to the definition in subclause 7.5.5.
9.3.2.6 [VRROIGuide
9.3.26.1 General
MMT sending entity sends VRROIGuide message to guide what to display ffom the delivered entire video content. If tHe
MMT recpiving entity receives the media data of the entire video, only.theregion specified by the VRROIGuide messade
shall be pfesented.
9.3.26.2 Syntax
The syntax of VRROIGuide message is defined in Table 24.
Table: 24~ VRROIGuide syntax
Syntax Value Nt?ii :f Mnemonic
Application () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message paydoad{
application_identifier()
if(application identifier ==
"urnp:mpegimmt :app:vr:2017")
{
app_message_type 8 uimshf
if (app_message type == 0x05) {
guide_type 1 uimsbf
reserved '1111 11171 7 bslbf
region_type 8 uimsbf
guide region() {
if ((region_type == 0x01) |
(region type == 0x03)) {
guide_shape_type 8 uimsbf
SphereRegionStruct(l)
}

96
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else 1if ((region type == 0x02) ||
(region type == 0x04)) {
centre x 16 uimsbf
centre y 16 uimsbf
width 16 uimsbf
height 16 uimsbf
}
}
guide_start 32 uimsbf
guide_duration 32 wmsbf
}
}
}

93.2.6.3 Semantics
message_1id indicates the identifier of the VRROIGuide message.
version indicates the version of VRROIGuide message.

length indicates the length of VRROIGuide message in bytes, counting from the beginning of the next fleld to the
last byte of the VRROIGuide message. The value of this field shall not be equal to 0.

application identifier indicates the application identifier as a urn that uniquely identifies the application
to consume the contents of this message.

app message type defines an application-specific.fessage type provided in Table 18.

guide type indicates whether presenting onlysthe guide region specified by guide region is mardatory. If
this flag is set to 1, only the guide region shotld be displayed. If this flag is set to 0, both the guide regipn and the
rest of region may be displayed.

region type defines the type of guide region. The values for this field are specified in Table 25.

Table 25 - Value of region_type

Type Description
0x00 reserved
0x01 centre point of a viewport on sphere
0x02 centre point of a viewport on frame
0x03 viewport on sphere
0x04 viewport on frame

0x05~0xFF | reserved

guide region specifies the guide region to be displayed. If the value of region type is 0x01 or 0x03, the
guide region is specified as the defintion of SphereRegionStruct in subclause 7.5.6.

guide shape type specifies the shape of the guide region. guide shape type has the same semantics as
shape type specified in subclause 7.7.2.3.

centre x specifies the horizontal centre positon of the guide region in pixels.
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centre_y specifies the vertical centre positon of the guide region in pixels.
width specifies the width of the guide region in pixels.
height specifies the height of the guide region in pixels.

guide start indicates the presentation time of media data where the region guide starts. This field isa UTC time
in NTP format and 32 bits long.

guide duration indicates the duration the region guide from the time indicated by guide start. This field
is expressed in milliseconds.

9.3.2.7 [ Stereo video asset descriptor

9.3.27.1| Syntax
The syntax of the stereo video asset descriptor is shown in Table 26.

Table 26 — Stereo video asset descriptor

Value No.)of bits Mnemonic

Syntax
Stereo video descriptor () {
descriptor_tag 16 uimsbf
descriptor_length 8 uimsbf

StereoVideoBox()

9.3.2.7.2 Semantics
des¢riptor tag indicates the type of a descriptor:

@D

des¢riptor length specifies the length inoytes counting from the next byte after this field to the last byte of th
descriptor.

StereoVideoBox () provides a copy of the StereovideoBox as defined in ISO/IEC 14496-12.

9.3.2.8 | VR3DAudioAssetInformation

9.3.2.8.1| General

The VR3DAudioAssetInformation message shall be conveyed for all Assets that carry OMAF formatted content compliant
to the OMAF 3D audio baseline profile.

9.3.28.2| Syntax
The syntax ofdVR3DAudioAssetInformation message is defined in Table 27.

Table 27 - VR3DAudioAssetInformation syntax

No.
Syntax Value of Mnemonic
bits
VR3DAudioAssetinformation () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload ({
application_identifier()
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No.
Syntax Value of Mnemonic
bits
if (application identifier=="urn:mpeg:mmt:app:vr:2017")
{ app_message_type 8 uimsbf
if (app_message type == 0x06) {
number_of_assets 8 uimsbf
for (i=0; i<number of assets; i++) {
asset id length 32 uimsbf
for (j=0; j<asset id length; j++) {
asset_id_byte 8 uimnsbf
}
codec_code A*8 uimsbf
profile_level_indication 8 uirpsbf
num_preselections 8 uirpsbf
channel_configuration 6 uirpbsf
multi_stream_info_present 1 bglbf
reserved 'l 1 bglbf
for (j=0; j<num preselections; j++) {
preselection_id 8 uirpbsf
interactivity_enabled 1 bglbf
language_present 1 bglbf
accessibility_role_present 1 bglbf
label present 1 bglbf
reserved 1111 4 bglbf
if (language present)v {
num_languageszminusl 8 uirpbsf
for (k=0; k<rum languages minusl+1;k++) {
language_length 8 uirpbsf
fory (1=0;1< language length;1l++) {
language_byte 8 uirpbsf
}
}
}
if (accessibility role present) {
for (k=0; k<num languages minusl+1l;k++) {
accessibility 8 uirnbsf
}
role 8 uirpbsf
}
if (label present) {
label _length 8 uirpbsf
for (k=0; k< label length; k++) {
label _data_byte 8 uimbsf
}
}
if (multi stream info present) ({
preselection_aux_stream_info() Table 9.12
}
} /* end of for num preselections loop */
if (multi stream info present) ({
multi_stream_info() Table 9.13
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No.
Syntax Value | of | Mnemonic
bits

}
} /* end of for number of assets loop*/

} /* end of if (app message type == 0x06)*/

9.3.2.8.3

mes
ver

len

app]
tb consume the contents of this message.

app |

num

ass¢t id length specifies the length in bytes of the audio @sset id.
asset id byte contains a byte of the audio asset id.

codgc_code specifies the 4-character code for MPEG-H 3D audio. The value of these four characters shall be orfe
of 'mhm1' or 'mhm2 ' with a semantic meaning for these codes as specified in ISO/IEC 23008-3.

champnel conf¥guration specifies the channel configuration and shall have the same value as the

mulfi “stream info present equal to 1 indicates that the elements in the multi stream info ()
dtructure are present.

pre

int

lan

acc

100

next field to the last byte of the VR3DAudioAssetInformation message. The value of‘this field shall not be equa
0.

gontain an mpegh3daProfilelLevelIndication field as specified in ISO/IEC 23008-3:2015, subclaug
3.3.2.

g
gtreams num_preselections shall have the value '0' so that for auxiliary streams no Preselection informatio
i

Semantics

age_id indicates the identifier of the VR3DAudioAssetInformation message.

ion indicates the version of VR3DAudioAssetIinformation message.

[¢)

th indicates the length of VR3DAudioAssetInformation message in bytes, counting from’the beginning of th

=}

ication identifier indicates the application identifier as an urn that\uniquely identifies the applicatio

|message type defines an application-specific message type provided in Table 18.

er of assets specifies the number of audio assets described by this descriptor.

file level indication indicatessthe audio profile and level of the associated Preselection and sha

D

|preselections indicates\the number of Preselections that are available within the main stream and ajl
uxiliary streams. The mipimum number of num preselections shall be '1' for the main stream. For auxiliafy
n

i present in the deseriptor. This field contains amae numGroupPresets field as specified in ISO/IEC 23008-
:2015, subclause 15.3.

'hannelCeonfiguration field specified in ISO/IEC 23091-3. Valid values are 1-7,9-12, 14-17 or 19.

selection id identifies the ID of this Preselection. The first Preselection in the loop shall have the lowest
preselection_id and shall be the default Preselection. This field indicates the mae GroupPresetID field as

specified in ISO/IEC 23008-3:2015, subclause 15.3.

eractivity enabled equal to 1 indicates that that the audio Preselection contains elements with associated
metadata, which enable user interactivity.

guage present equal to 1 indicates that language information for this Preselection is present.

essibility role present equal to 1 indicates that accessibility and role information for this Preselection
is present.
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num_ languages minusl plus 1 specifies the number of languages that are available within this Preselection.

When not present the value of num_languages_minusl shall be inferred to be equal to 0.

language length specifies the length in bytes of each language supported in the Preselection. The first language
in the loop (k is equal to 0) shall be the primary language for the Preselection. The remaining language(s) in the

loop (k is not equal to 0) shall indicate the additional language(s) available in the Preselection.

language byte contains a UTF-8 character of the k-th language of the Preselection. The language of the

Preselection-shall be aiven bv a lanauage taa as defined by IETE BCP 47 The lanauage indicated by
J P4 ~ ~ ~ P4 ~J ~ P4

should correspond to the information conveyed in mae contentLanguage of the default dialogelg
maeGroup Which is marked as default in mae switchGroupDefaultGroupID and\ is

mae contentKind as dialog. This information is carried in the AudioSceneInformation
MPEG-H audio stream as specified in ISO/IEC 23008-3.

accessibility identifies the accessibility support for each language in this Preselection’ Table 28 sp
bit used to indicate if the Preselection contains support for a particular audio accessibility service. Wh
specified in Table 28 is set to '1' it indicates the Preselection contains the correspending audio accessibili

Table 28 — Accessibility bits

Bit

Audio accessibility.service

0 (MSB)

For Visually Impaired (Video description/service)

1

Dialog enhancement enabled

2

Emergency information

3-7

Reserved zero bits @

& Reserved bits shall be set to zero(

The setting of the bits in the accessibility field should correspond to the mae groupPresetKind va
nae GroupPresetDefinitidn () structure and the mae contentKind values in the mae Contenf
sfructures in the AudioScenéInformation () of the MPEG-H 3D audio stream as specified in ISO/IEG
Tlhe mapping from the MPEG-H audio metadata fields should be done as follows:

- Bit 0 should be.set)to '1', if the mae contentKind value of at least one audio element is set to *
description/vistiatly impaired™).
- Bit 1 should he'set to '1', if at least the dialog audio elements with a mae contentKind value of '2' ("¢ialogue")
have magyallowGainInteractivitysetto'l'andmae interactivityMaxGain settoanon-
in the‘corresponding mae GroupDefinition () structure.
- Bit.2.should be setto '1', if the mae _contentKind value of at least one audio element is set to '12' ("em¢

nole indicates the role or service type of the Preselection. The role values shall correspond to the ro

this field
ment: the
agged in

() of the

pcifies the
en one bit

y service.

ue in the
tData ()
23008-3.

D' ("audio

rero value

brgency”).

e scheme

@schemeTIdUri equalio "urn:mpeg:dash:role:2011" defined in TSO/TEC 23009-1. For a description
of the role values, see ISO/IEC 23009-1:2014, subclause 5.8.4.4.

label length specifies the length in bytes of this Preselection text label.

label data byte contains a UTF-8 character of the Preselection text label.
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Table 29 — Syntax for preselection_aux_stream_info()

Syntax Value No. of bits Mnemonic
preselection_aux_stream_info() {
num_preselection_aux_streams 8 uimbsf
for (m=0; m<num_preselection_aux_streams; m++) {
aux_stream_id 8 uimbsf
}

num |preselection aux streams indicates the number of auxiliary streams that are required for this|specif

aux |stream id ientifies the ID of the auxiliary stream that is required for this specific Preselectiop.

o

Preselection.

Table 30 — Syntax for multi-stream_info()

Syntax Value No. of bits Mnemonic
multi_stream_info() {
t]:h is_is_main_stream 1 bslbf
his_stream_id 7 uimbsf
reserved "1 1 bslbf
bundle_id 7 uimbsf
if (this_is_main_stream) {
reserved "1 1 bslbf
num_auxiliary_streams 7 uimbsf
for (m=0; m<num_auxiliary_ streams; m+t+) {
reserved 1 1 bslbf
auxiliary_stream_id 7 uimbsf
}
b
¥
thig is main_ stream equal (1 indicates that this stream contains a main stream that may be presented on ifs
awn, or that may be combined.with additional audio components from an auxiliary stream. The main stream shajl
ke delivered as an MMTPR/MPU stream. Auxiliary streams are delivered as MMTP/MPU streams using different
gsset_IDs and they are signalled within the VR3DAudioAssetInformation message.
thig stream id.indicates the ID of this audio stream. This ID shall be unique within one bundle, i.e., for aJl
gtreams that have the same bundle id.
bundile id-dentifies a unique ID for one bundle of audio streams. A bundle consists of exactly one main strea
gnd one/or more additional auxiliary streams that shall have the same bundle id. The auxiliary streams contaslg
ddditional audio components that may be combined with the main stream.
num auxiliary streams indicates the number of auxiliary streams that are available to be combined with the
main stream.
auxiliary stream id identifies the ID of the auxiliary stream. The ID of all auxiliary streams shall be unique
within one bundle.
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10 Media profiles

10.1 Video profiles

10.1.1 Owverview

019(E)

Subclause 10.1 defines media profiles for video. Table 31 provides an informative overview of the supported features. The

detailed, normative specification for each video profile is subsequently provided in the referenced clause.

Table 31 — Overview of OMAF media profiles for video

brmat parsers, and HEVC decoder.engines that do not need special features for handling of viewport-depender]
hd decoding could be used forgncoding, distribution and decoding. The profile also minimizes the options
interoperability.

1
B
dependent delivery nor viewport-dependent decoding. Regular HEVC encoders, DASH packagers, DASH ¢
f
a

[y

0.1.2.2 Elementary_stream constraints

—

he elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as sp
ibclause 10.1.2.5.

[%2)

he bitstredm)shall comply with HEVC Main 10 profile, Main tier, Level 5.1.

Media profile Codec | Profile Level | Required scheme types Brand | Clause
HEVC-based viewport-independent | HEVC | Main 10 5.1 podv and erpv hevi [10.1.2
OMAF video profile
HEVC-based viewport-dependent HEVC | Main 10 5.1 podvand-at least one of hevd (10.1.3
OMAF video profile erpviand ercm
AV C-based viewport-dependent AVC | Progressive | 5.1 podv and at least one of avde (10.1.4
OMAF video profile High erpv and ercm

NOTE  For the HEVC Main 10 profile, the bit depth of decoded pictures could be either 8 bits or 10 bits.

10.1.2 HEVC-based viewport-independent OMAF video profile
0.1.2.1 General
oth monoscopic and stereoscopic sphericalvideo up to 360 degrees are supported. The profile requires neither [viewport-

ients, file

t delivery
for basic

bcified in

1
All pictures shall be encoded as coded frames, and shall not be encoded as coded fields.
A

II"the active SPSs of the bitstream shall be constrained as follows:

- general_progressive_source_flag shall be equal to 1.
- general_frame_only_constraint_flag shall be equal to 1.

- general_interlaced_source_flag shall be equal to 0.

When VUI is present, aspect_ratio_idc should not be present or aspect_ratio_idc should be equal to 0 (unspecified) or 1

(square).

NOTE  When aspect_ratio_idc is not present, ISO/IEC 23008-2 specifies that aspect_ratio_idc is inferred to be equal to 0.

For each picture, there shall be an equirectangular projection SEI message present in the bitstream that applies to the picture.
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When present, a frame packing arrangement SEI message shall be constrained in either of the following ways:

- frame_packing_arrangement_cancel_flag shall be equal to 1.

- All of the following constraints apply:

frame_packing_arrangement_type shall be equal to 3, 4, or 5.
quincunx_sampling_flag shall be equal to 0.

content_interpretation_type shall be equal to 1.

When the|video does not cover the entire sphere, for each picture, there shall be a region-wise packing SEI message presevht

in the bitgtream that applies to the picture.

When prgsent, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangula

projected

10.1.2.3
This subc

This subdlause is applicable to both the HEVC-based viewport-independent OMAF video profile and the HEVVC-base
viewport-dependent OMAF video profile as specified subsequently.

The follo

- Whgn the bitstream contains an equirectangular projection SElS¢message applying to the picturg
ProjectionFormatBox With projection type equal to O shall*he present in the sample entry applying t
the gample containing the picture.

- Whdn the bitstream contains a cubemap projection SEI message applying to the picture, ProjectionFormatBo
withl projection type equal to 1 shall be present in the sample entry applying to the sample containing th
pictyre.

- Whagn the bitstream contains an equirectangular projéction SEI message with erp padding flag equal to |1
e

appl
cont

leflt gb erp width, and right gb\erp width syntax elements of the equirectangular projection SE

mes

=

video scheme type 'erpv' specified in subclause 7.6.1.3.

SEI message related 1SO base media file format constraints

ause specifies ISOBMFF constraints depending on the presence of omnidirectional video SEI messages of HEV

o)

ving constraints apply for each picture in the bitstream:

o

@D X

lying to the picture, RegionWisePackingBox shall be present in the sample entry applying to the samp
pining the picture and shall signal the same information as indicated with the values of gb_erp typdg

age, i.e., the following applies:

Let horFact be equal to packed picture width/width, where width is the syntax element of th
VisualSampleEntry (Containing the RegionWisePackingBox, and let gbhWidth be equal f{
left gb erp widghyright gb erp width.

o @

o

If SpatiallyPackedStereoFlag is equal to 1, constituent picture matching flag shall be equal {
1. Otherwise, the value of constituent picture matching flag shall be equal to 0.

The value-efioroj picture height shall be equal to packed picture height.

If  «SideBySideFlag is equal to 1, proj picture width shall be equal
pdcked picture width — horFact * 2 * gbWidth. Otherwise, proj picture width shall be equal

o O

patked picture width — horFact * ghWidth

104

num_regions shall be equal to 1.

guard band flag[0] shall be equal to 1.

packing type[0] shall be equal equal to O.

proj reg width[0] shall be equal equal to proj picture width/HorDivl.
proj reg height [0] shall be equal equal to proj picture height /VerDivl.

proj reg top[0] shall be equal to 0.
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- proj reg left[0] shall be equal to 0.

— transform type[0] shall be equal to 0.

— packed reg width[0] shall be equal to proj picture width/HorDivl.

— packed reg height[0] shall be equal to proj picture height /VerDivl.

- packed reg top[0] shall be equal to 0.

— packed reg left[0] shallbeequalequaltoleft gb erp width *horFact
— left gb width[0] shall beequal to left gb erp width *horFact.

— right gb width[0] shall beequalto right gb erp width * horFact.

- top gb height[0] shall be equal to 0.

- bottom gb height[0] shall be equal to 0.

bl

OTE  When a file writer has no information whether sample values of the guard bands afe ‘used in the inter predictipn process,
gb not used for pred flag[0] oughtto be setequal to 0.

— gb type[0] [Jj] shall be equal to gb erp type for each value.af)j in the range of 0 to 3, inclus|ve.

- When the bitstream contains a frame packing arrangement SEI message-applying to the picture, StereovideoBox
shall be present in the sample entry applying to the sample containing the picture. When StereovidgoBox is
present, it shall signal the frame packing format that is included/in’the frame packing arrangement SEI megsage(s) in
the elementary stream.

- When the bitstream contains a region-wise Zpacking SElI message applying to the| picture,
RegionWisePackingBox shall be present in thexsample entry applying to the sample containing the picture.
When present, RegionWisePackingBox shall*signal the same information as in the region-wise pagking SEI
message(s).

=

0.1.2.4 1SO base media file format constraints

<

Vhen a track is the only track in a file,Compatible brands containing a brand equal to 'hevi' in FileTypeBox
dicates that the track conforms to this media profile. When a file contains multiple tracks, compatible|brands
ntaining a brand equal to 'hewd\* in FileTypeBox indicates that at least one of the tracks conforms to this media
ofile.

o =

ompatible brands(containing a brand equal to 'hevi' in TrackTypeBox indicates that the track conforms to
this media profile.

A track of this média profile shall be indicated to conform to this media profile through one or both of FileTypeBox
apd TrackTyp&Box.

by

t least ane.sample entry type of each sample entry of the track shall be equal to 'resv'.

=z

OTE\ ' 'resv' does not have to be the track sample entry type when the track has undergone several transformations. Copsequently,
nis media profile could also be used when the track is protected.

—

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBox inthe same RestrictedSchemeInfoBox shall include 'podv' and 'erpv'.

The untransformed sample entry type, as derived in subclause 7.1.7, shall be equal to "hvc1l'.
NOTE 2 Consequently, parameter sets are not present inband within samples.
LHEVCConfigurationBox shall not be presentin VisualSampleEntry.

HEVCConfigurationBox inVisualSampleEntry shall indicate conformance to the elementary stream constraints
specified in subclause 10.1.2.2.
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The constraints specified in subclause 10.1.2.3 apply to the track conforming to this media profile, where the bitstream
based on which the constraints are derived is reconstructed from the track as specified in subclause 10.1.2.5.

When the playback is intended to be started using another viewing orientation than that indicated by
(centre azimuth, centre elevation, centre tilt)equal to (0, 0, 0) relative to the global coordinate axes,

the initial

10.1.2.5

viewing orientation metadata, as specified in subclause 7.7.4, shall be present.

File decoding process

The inputs to the file decoding process are

- the{
- afild

An HEV
15:2017,

The HEV/

The HEV|
the same
outputs 1
applicablg
decoded {

10.1.2.6

OMAF p
clause 10

scheme type.

When plg
OMAF pl
it when rg

When rec

rack_ID value of the track conforming to this media profile, and
 containing at least the track.

C bitstream is reconstructed from the track with the given track ID value as specified in ISOAEC 14494
Clause 8.

C bitstream shall conform to the elementary stream constraints specified in subclause 10.172.2.

C bitstream is decoded as specified in ISO/IEC 23008-2:2017, subclause 8.1.1. The‘outputs of this process af
ps the outputs of ISO/IEC 23008-2:2017, subclause 8.1.1. Additionally, for each.decoded picture, this proces
rojectionFormatBox, StereoVideoBox (when applicable), RegionWisePackingBox (whg
), and RotationBox (when applicable) that provide the input for the semanties of sample locations within th
icture as specified in subclause 7.5.1.

Expected OMAF player operation

layers conforming to this media profile are expected to.process either all referenced SEI messages i
1.2.2 or all allowed boxes within the SchemeInformationBox for the equirectangular projected vide

ndering the media track.

biving and playing a DASH presentation-and-a Representation containing initial viewing orientation metadata,

ying a file and when the file contains the initial viewing orientation metadata, as specified in subclause 7.7.4
ayers are expected to parse the initial viewing orientation metadata track associated with a media track and obgy

e
S
l
e

o S

= == 77)

D » @D

specified |in subclause 7.7.4, is present and associated with a media Representation selected for playing, as specified i
subclause|8.2.3, OMAF players are expected to receive and parse the initial viewing orientation metadata Representatio
and obey jt when rendering the media Representation.

10.1.3 HEVC-based viewport-dependent OMAF video profile

10.1.3.1 | General

This profile allows unconstrained use of rectangular region-wise packing. With the presence of region-wise packing, th
resolution] or quality of;the omnidirectional video could be emphasized in certain regions, e.g., according to the user
viewing grientatior, In" addition, the untransformed sample entry type 'hvc2' is allowed, making it possible to us
extractord and get'a conforming HEVC bitstream when tile-based streaming is used.

10.1.3.2 LElementary stream constraints

The elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as specified in
subclause 10.1.3.4.

The HEVC bitstream shall comply with the same constraints as the HEVC-based viewport-independent OMAF video

profile, w

ith the following exceptions:

- Foreach picture, there shall be either an equirectangular projection SEI message or a cubemap projection SEI message
present in the bitstream that applies to the picture.

- When present, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangular
projected video scheme type 'erpv' specified in subclause 7.6.1.3 or the packed equirectangular or cubemap
projected video scheme type "ercm' specified in subclause 7.6.1.4.

106
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0.1.3.3 1SO base media file format constraints

019(E)

When a track is the only track in a file, compatible brands containing a brand equal to 'hevd' in FileTypeBox
indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible brands
containing a brand equal to 'hevd' in FileTypeBox indicates that at least one of the tracks conforms to this media

p

rofile.

compatible brands containing a brand equal to 'hevd' in TrackTypeBox indicates that the track conforms to
this media profile.

a

A

= Z

o O -

1
Vi
r
d
A

N

(@)

pis media profile could also be used when the track is protected.

to the value of the corresponding sample in the decoded reconstriicted picture.

Nd TrackTypeBox.
t least one sample entry type of each sample entry of the track shall be equal to 'resv'.

OTE 1 'resv' doesnot have to be the track sample entry type, when the track has undergone several transfarmations. Co

he scheme type values of SchemeTypeBox in the RestrictedSchemeInfeoBoex and of all ins
ompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shallihclude 'podv' and af
f'erpv'and 'ercm'.

he untransformed sample entry type, as derived in subclause 7.1.7, shall be equalM0 'hvcl' or "hvc2'.

Vhen the untransformed sample entry type is "hvc2 ', the track shall include.one or more 'scal' track referg
eferred tracks shall conform to the HEVC-based viewport-independent @M AF video profile or the HEVC-based
ependent OMAF video profile.

or each sub-picture bitstream carried in a referred track, the value.of each sample in each decoded sub-picture i

OTE 2 The following two constraints for each sub-picture bitstream carried in a referred track are sufficient to ensurg
bnstraint to be satisfied, but in some cases, they are more than\necessary:

It is required that there are no sample values outside.the picture that are referenced for inter prediction.

For prediction units located on the right-side picture boundary except the last one at the bottom-right corner of the
following applies when CuPredMode[ xRb[yPb ] is equal to MODE_INTER, where ( xPb, yPb ) specifies the top-lef]
the corresponding luma prediction blogk relative to the top-left sample of the current picture:

- With the number of spatialumerging candidates numSpatialMergeCand derived as follows:

numSpatialMergeCand.= availableFlagAo + availableFlagAs +
availableFlagBo + availableFlagB: + availableFlagB2

where availableFlagAo, availableFlagAs, availableFlagBo, availableFlagB1, and availableFlagB: are the output of the
process for spatial merging candidates specified in ISO/IEC 23008-2:2018, subclause 8.5.3.2.3, the following appl

- Iif aumSpatialMergeCand is equal to 0, merge_flag[ xPb ][ yPb ] is required to be equal to 0.

- ) Otherwise (numSpatialMergeCand is greater than 0), merge_idx[ xPb ][ yPb ] is required to be in the ra
numSpatialMergeCand — 1, inclusive.

=\, With the number of spatial motion vector predictor candidates numSpatialMvpCand derived as follows:

A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBox

hsequently,

tances of
least one

nces. The
\viewport-

identical

the above

bicture, the
sample of

derivation
es:

ge of 0 to

IT { avallableFTagLXA )
numSpatialMvpCand = availableFlagLXA +
((mvLXA = mvLXB) ? availableFlagLXB : 0)
else
numSpatialMvpCand = availableFlagLXB

where availableFlagLXA, availableFlagLXB, mvLXA, and mvLXB are the output of the derivation process
vector predictor candidates from neighbouring prediction unit partitions specified in ISO/IEC 23008-2:2018
8.5.3.2.7, the following applies:

for motion
, subclause

- If numSpatialMvpCand is equal to 0, mvp_l0_flag[ xPb ][ yPb ] and mvp_I1_flag[ xPb ][ yPb ] are both required

to be equal to 1.
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- Otherwise (numSpatialMvpCand is greater than 0), mvp_l0_flag[ xPb ][ yPb ] and mvp_I1_flag[ xPb ][ yPb ] are

both required to be in the range of 0 to numSpatialMvpCand — 1, inclusive.

Note that the first constraint above restricts that motion vectors point to full-sample locations inside the picture and to fractional-
sample locations that require only full-sample locations inside the picture for interpolation. Note that in the above constraints
and the previous sentence, a sub-picture becomes a picture within the context of one sub-picture bitstream. The second constraint
restricts that, when the sub-picture bitstream of the referred track together with other sub-picture bitstreams carried in other
referred tracks are reconstructed into one conforming bitstream, in decoding of the entire reconstructed bitstream, for blocks of
the sub-picture of this sub-picture bitstream, there won't be motion vector candidates for temporal motion vector prediction
derived from blocks outside the "sub-picture".

i i 1 traint | tad to h tisfiad:
NOTE 3 Besides-the-above-constraintthe-folowing-constraints-are-also-expected-to-be-satisfied:

1

The picturg
order coun

LHEVCC

HEVCCoy
specified

The trad
that a trag

The constraints specified in subclause 10.1.2.3 apply to the track caopforming to this media profile, where the bitstrean

based on

When th
(centre
the initial
10.1.3.4

The input]
- the{

- afild
on.

An HEV(

- If th
bitst]
Clay

3) The samples with the same sample number across the referred tracks are required to have the same’presentation time.

)  When multiple tiles are present in the bitstream resolved from an extractor track, the value
entropy_coding_sync_enabled_flag in the active PPS is required be equal to 0 for each sub-picture bitstream earried in
referred track.

)  The referred tracks are required to contain the same number of media samples.

s carried in the samples with the same sample number across the referred tracks are required to havejthe same value of pictu
L, i.e., PicOrderCntVal.

nfigurationBox shall not be present in VisualSampleEntry.

figurationBox inVisualSampleEntry shall indicate conformanceito the elementary stream constrain
n subclause 10.1.3.2.

k_not intended for presentation alone flag of thelPrackHeaderBox may be used to indica
k is not intended to be presented alone.

vhich the constraints are derived is reconstructed from the.track as specified in subclause 10.1.3.4.

e playback is intended to be started using@another viewing orientation than that indicated b

| azimuth, centre elevation, centre tilt) equal to (0, 0, 0) relative to the global coordinate axep

viewing orientation metadata, as specified in‘subclause 7.7.4, shall be present.

File decoding process

5 to the file decoding process are
rack ID value of the track conforming to this media profile, and

containing at least the track with that t rack ID value and all tracks that the track directly or indirectly depend

[ bitstream is reconstructed as follows:

e untransfermed sample entry type of the track with the given track ID is equal to "hvcl', an HEV
feam is<generated from the track with the given track ID value as specified in ISO/IEC 14496-15:201
se 8¢

- Othd

D —h

(4]

w

:l

w

rwise (the untransformed sample entry type of the track with the given track TD isequalto 'hvec2')

HEVC bitstream is generated from the track with the given t rack ID value as specifigd in ISO/IEC 14496-15:2017,
Clause 9 and Annex A.

The HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.1.3.2.

The HEVC bitstream is decoded as specified in ISO/IEC 23008-2:2017, subclause 8.1.1. The outputs of this process are
the same as the outputs of ISO/IEC 23008-2:2018, subclause 8.1.1. Additionally, for each decoded picture, this process
outputs ProjectionFormatBox, StereoVideoBox (when applicable), RegionWisePackingBox (when
applicable), and RotationBox (when applicable) that provide the input for the semantics of sample locations within the
decoded picture as specified in subclause 7.5.1.
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10.1.3.5 Expected OMAF player operation

OMAF players conforming to this media profile are expected to process either all referenced SEI messages in subclause
10.1.3.2 or all allowed boxes within the SchemeInformationBox forthe 'erpv' and 'ercm' scheme types.

When playing a file and when the file contains the initial viewing orientation metadata, as specified in subclause 7.7.4,
OMAF players are expected to parse the initial viewing orientation metadata track associated with a media track and obey
it when rendering the media track.

When receiving and playing a DASH presentation and a Representation containing initial viewing orientation metadata, as
specified in subclause 7.7.4, is present and associated with a media Representation selected for playing, as specified in
spibclause 8.2.3, OMAF players are expected to receive and parse the initial viewing orientation metadata Reprgsentation
and obey it when rendering the media Representation.

A player conforming to the HEVC-based viewport-dependent OMAF video profile is expected to:

4  Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBox, when gresent, of
tracks present in a file and select the track that matches user's viewing orientation.yThe player should use
2DRegionQualityRankingBox together with RegionWisePackingBox, when-present, to concliide which
sphere regions the indicated quality ranking 2D regions correspond to.

- Parse spherical region-wise quality ranking (SRQR) descriptors, when present,~and select the Adaptation Sets and
Representations that match the user's viewing orientation:

— When Preselections are applied in the MPD, the player is expected:to select a main Adaptation Set baged on the
SRQR descriptors.

— When @dependencyId is applied in the MPD, the player is expected to select the dependent Reprgsentation
based on the SRQR descriptors.

[y

0.1.4 AVC-based viewport-dependent OMAF video grofile

0.1.4.1 General

ise packing, the resolution of the omnidirectional video could be emphasized in certain regions, e.g., according to the
Ber's viewing orientation. In addition, the untransformed sample entry types 'avc2' and 'avc4' are allowefl, making
if possible to use extractors and get a conforming AVC bitstream when slice-based streaming is used.

1
Tlhis media profile allows unconstrained use of rectangular region-wise packing with AVC. With the presence pf region-
W
u

[E

0.1.4.2 Elementary stream-constraints

—

he elementary stream constraints apply to the AVC bitstream that is reconstructed from a file as spgcified in
Ibclause 10.1.4.4.

[%2)

—

he bitstream shall.éemply with AVC progressive high profile, level 5.1.

0.1.4.3 1S@-base media file format constraints

1

When a teack’is the only track in a file, compatible brands containing a brand equal to 'avde' in FileTypeBox
indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible [brands
cpntaining a brand equal to 'avde' in FileTypeBox indicates that at least one of the tracks conforms to this media
profite:

compatible brands containing a brand equal to 'avde' in TrackTypeBox indicates that the track conforms to
this media profile.

A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBox
and TrackTypeBox.

At least one sample entry type of each sample entry of the track shall be equal to ' resv'.

NOTE 'resv' doesnot have to be the track sample entry type, when the track has undergone several transformations. Consequently,
this media profile could also be used when the track is protected.
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The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv' and at least one
of 'erpv' and 'ercm'.

The untransformed sample entry type, as derived in clause 7.1.7, shall be equal to 'avcl', 'avec2', "ave3',or 'avcd'.

When the untransformed sample entry type is 'avc2' or 'avc4', the track shall include one or more 'scal' track
references.

AVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream constraints

specified prsubelanse40-4-4-2

When the playback is intended to be started using another viewing orientation than that indicated\ by
(centre] azimuth, centre elevation, centre tilt) equal to (0, 0, 0) relative to the global coordinate’axep
the initial|viewing orientation metadata, as specified in subclause 7.7.4, shall be present.

10.1.4.4 | File decoding process

The inputp to the file decoding process are
- the grack ID value of the track conforming to this media profile, and

- afil¢ containing at least the track with that t rack ID value and all tracks that the track’directly or indirectly depeng
on.

w

An AVC pitstream is reconstructed as follows:

- If thp untransformed sample entry type of the track with the given track IDisequalto 'avcl' or 'avc3', g
AV( bitstream is generated from the track with the given track  I'D-alue as specified in ISO/IEC 14496-15:2017,
Clayse 5.

=]

- Othgrwise (the untransformed sample entry type of the track with the given track ID is equal to 'avc2' qr
'avjc4 '), an AVC bitstream is generated from the track-with the given track ID value as specified in ISO/IELC
14496-15:2017, Clause 5 and Annex A.

The AV(|bitstream shall conform to the elementary.stream constraints specified in subclause 10.1.4.2.

The AVC|bitstream is decoded as specified in ISOAEC 14496-10:2014, Clause 8. The outputs of this process are the sare
as the odtputs of ISO/IEC 14496-10:2014,.Clause 8. Additionally, for each decoded picture, this process outpufs
ProjectionFormatBox, StereoVideoBox (when applicable), RegionWisePackingBox (when applicable
and RotqtionBox (when applicable) that provide the input for the semantics of sample locations within the decode
picture as|specified in subclause 7.5.1%

O S

10.1.4.5 | Expected OMAFE-player operation

OMAF players conforming to this media profile are expected to process all allowed boxes within the
SchemeInformatipenBox forthe 'erpv' and 'ercm' scheme types.

When playing a filesand when the file contains the initial viewing orientation metadata, as specified in subclause 7.7.4
OMAF players are expected to parse the initial viewing orientation metadata track associated with a media track and obdy
it when rgndering the media track.

When receiving and playing a DASH presentation and a Representation containing initial viewing orientation metadata, as
specified in subclause 7.7.4, is present and associated with a media Representation selected for playing, as specified in
subclause 8.2.3, OMAF players are expected to receive and parse the initial viewing orientation metadata Representation
and obey it when rendering the media Representation.

A player conforming to the AVC-based viewport-dependent OMAF video profile is expected to:

- Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBox, when present, of
tracks present in a file and select the track that matches user's viewing orientation. The player should use
2DRegionQualityRankingBox together with RegionWisePackingBox, when present, to conclude which
sphere regions the indicated quality ranking 2D regions correspond to.
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- Parse spherical region-wise quality ranking (SRQR) descriptors, when present, and select the Adaptation Sets and
Representations that match the user's viewing orientation:

— When Preselections are applied in the MPD, the player is expected to select a main Adaptation Set based on the
SRQR descriptors.

— When @dependencyId is applied in the MPD, the player is expected to select the dependent Representation
based on the SRQR descriptors.

10.2 Audio profiles

10.2.1 Overview

ubclause 10.2 defines media profiles for audio in OMAF. Table 32 provides an informative overview of the
patures. The detailed, normative specification for each audio profile is subsequently provided in thejreferenced

supported
clause.

s D

Table 32 - Overview of OMAF media profiles for audjo

Max 3D

Media profile

Codec

Profile

Level

sampling
rate

metadata

Brand

Clause

OMAF 3D audio baseline

MPEG-H

Low

1,2o0r

48 kHz

included in

oabl

profile Audio Complexity 3 codec

10.2.2

no 3D
metadata

OMAF 2D audio legacy

. 2d
profile oc

AAC HE-AACv2 4 48 kHz

10.2.3

bl

OTE The audio streams complying with the MPEG-H3D audio low complexity (LC) profile, levels 1
pegh3daProfilelLevelIndication is setto "0x0B".0r "0x0C", comply also with MPEG-H 3D audio LC profile, |
pegh3daProfilelLevelIndication issetto "0x0D%), as specified in ISO/IEC 23008-3:2015, subclause 5.3.2.

3 3

10.2.2 OMAF 3D audio baseline profile

10.2.2.1 General

his media profile fulfills the requirements to support 3D audio. Channels, objects and higher-order ambisonics
ipported, as well as combinatiens.of those. The profile is based on ISO/IEC 23008-3.

»

IPEG-H 3D audio (ISOLEE23008-3) specifies coding of immersive audio material and the storage of
bpresentation in an ISOBMFF track. The MPEG-H 3D Audio decoder has a constant latency, see ISO/IEC 2300
able 1. With this information, content authors could synchronize audio and video portions of a media present|
hsuring lip-synch\When orientation sensor inputs (i.e., azimuth, elevation) of an MPEG-H 3D audio decods
ere will be sefealgorithmic and implementation latency (perhaps tens of ms) between user head moveme
desired sound\field orientation. This latency will not impact audio/visual synchronization (i.e. lip synch),
represents'the’lag of the rendered sound field with respect to the user head orientation.

D =5 =

—t

PEG-H 3D audio specifies methods for binauralizing the presentation of immersive content for playback via he

pr 2 (i.e.,
pvel 3 (i.e.,

HOA) are

he coded
8-3:2015,
ption, e.g.
r change,
ht and the
but only

hdphones,

ab ‘isoneeded for omnidirectinal media presentations. MPEG-H 3D audio specifies a normative interface for

the user’s

viewing orientation and permits low-complexity, low-latency rendering of the audio scene to any user orientation.

10.2.2.2 Elementary stream constraints

The audio stream shall comply with the MPEG-H 3D audio low complexity (LC) profile, levels 1, 2 or 3 as defined in
ISO/IEC 23008-3:2015, subclause 4.8. The values of the mpegh3daProfileLevelIndication for LC profile levels
1, 2 and 3 are "0x0B", "0x0C" and "0x0D", respectively, as specified in ISO/IEC 23008-3:2015, subclause 5.3.2.

Audio data shall be encapsulated into MPEG-H audio stream (MHAS) packets according to ISO/IEC 23008-3:2015,
Clause 14.

All MHAS packet types defined in ISO/IEC 23008-3:2015, Clause 14 may be present in the stream, except of the following
packet types that shall not be present in the stream:

© ISO/IEC 2019 - All rights reserved 111


https://standardsiso.com/api/?name=cdd2a0771b2672677fa9f40a1c9bcbf2

ISO/IEC 23090-2:2019(E)

- PACTYP CRC16
- PACTYP_CRC32
- PACTYP_GLOBAL CRC16
- PACTYP_GLOBAL CRC32

If audio scene information per ISO/IEC 23008-3:2015, Clause 15 is present, it always shall be encapsulated in an MHAS
PACTYP_AUDIOSCENEINFO packet. audio scene information shall not be included in the mpegh3daConfig ()
structure in the MHAS PACTYP _MPEGH3DACFG packet.

10.2.2.3 | ISO base media file format constraints

10.2.2.3.1 General constraints

W

When a trjack is the only track in a file, compatible brands containing a brand equal to 'cabl' iAEileTypeBo
indicates fthat the track conforms to this media profile. When a file contains multiple tracks, compatible brand
containing a brand equal to 'oabl' in FileTypeBox indicates that at least one of the tracks-conforms to this med
profile.

» O

o

compatible brands containing a brand equal to 'ocabl' in TrackTypeBox indiCates that the track conforms {
this media profile.

I

A track of this media profile shall be indicated to conform to this media profile.threugh one or both of FileTypeBo
and TragkTypeBox.

-

The sample entry 'mhml' shall be used for encapsulation of <\MHAS packets into ISOBMFF files, pg
ISO/IEC £3008-3:2015, subclause 20.6.

=)

The samplle entry 'mhm2 ' shall be used in cases of multi-stream délivery, i.e., the MPEG-H Audio Scene is split into tw
or more sfreams for delivery as described in ISO/IEC 23008-3:2015, subclause 14.6.

=

If the| MHAConfigurationBox () is present,” the MPEG-H profile and level indicat
mpegh3dlaProfileLevelIndicationinthe MHADEcoderConfigurationRecord () shall besetto "0x0B]
"0x0c",lor "0x0D" for MPEG-H Audio LC Profile-Level 1, Level 2, or Level 3, respectively, as specified in ISO/IE[C
23008-3:2015, subclause 5.3.2.

~

The first gample of the movie and the first sample of every fragment (when applicable) shall be a stream access point (SAH
of type 1 {i.e., sync sample). For MPEG-H Audio a sync sample shall be properly signalled according to ISO/IEC 1449¢
12. All rufles defined in ISO/IEC 2300853:2015, subclause 20.6.1 regarding sync samples shall apply. In, addition, a syn
sample shall consist of MHAS packets'in the following order:

()

- PACTYP MPEGH3DACEG
- PACITYP AUDIOSGENEINFO (ifaudio scene information is present)
- PACTYP BUEFERINFO

- PAQITYR MPEGH3DAFRAME

Additiondl_ MHAS packets may be present between the MHAS packets listed above or after the MHAS packet
PACTYP MPEGH3DAFRAME, with one exception: if present, the PACTYP AUDIOSCENEINFO packet shall directly
follow the PACTYP MPEGH3DACFG packet, as defined in ISO/IEC 23008-3:2015, subclause 14.4.

MPEG-H audio sync samples contain Immediate Playout Frames (IPFs), as specified in ISO/IEC 23008-3:2015,
subclause 20.2, thus the audio data encapsulated in the MHAS packet PACTYP MPEGH3DAFRAME shall contain the
AudioPreRoll () syntax element, as defined in ISO/IEC 23008-3:2015, subclause 5.5.6, and shall follow the
requirements for stream access points as defined in ISO/IEC 23008-3:2015, subclause 5.7. The audio configuration is
delivered as part of the MHAS packet PACTYP MPEGH3DACFG and, therefore, the AudioPreRoll () structure carried
inthe MHAS packet PACTYP MPEGH3DAFRAME shall not contain the Config () structure, i.e., the configLen field
of the AudioPreRol1 () shall be equal to 0.
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10.2.2.3.2 Configuration change constraints

A configuration change takes place in an audio stream when the content setup or the audio scene information changes (e.g.,
when changes occur in the channel layout, the number of objects etc.), and therefore new PACTYP MPEGH3DACFEG and
PACTYP AUDIOSCENEINFO packets are required upon such occurrences. A configuration change usually happens at
program boundaries, but it may also occur within a program.

The following constraints apply:

— At each configuration change, the MHASPacketLabel shall be changed to a different value from the
MHASPacketT.abel in use before the configuration change occurred, A configuration change may happen at the
beginning of a new ISOBMFF file or at any position within the file. In the latter case, the file format_sgmple that
contains a configuration change shall be encoded as a sync sample (RAP) as defined above.

- A sync sample that contains a configuration change and the last sample before such a sync sample may|contain a
truncation message (i.e., a PACTYP AUDIOTRUNCATION packet in the MHAS stream) (as’defined in ISO/IEC
23008-3:2015, subclause 14.4. If MHAS packets of type PACTYP AUDIOTRUNCATION-are present, thgy shall be
used as described in ISO/IEC 23008-3:2015, subclause 14.4.

IBOBMFF tracks that belong to one audio programme use different configurations and‘a_switch between two ISOBMFF
tracks represents also a configuration change. Thus, the MHASPacketLabel néeds to have different valyes for all
IBOBMFF tracks that belong to one audio programme. Also, after a configuration‘change the MHASPacketLalel needs
to have different values for all ISOBMFF tracks comprising an audio programnie:

0.2.2.3.3 Multi-stream constraints

ifferent elementary streams (e.g., the main MHAS stream contaifing one complete audio main, and one or morg auxiliary
IHAS streams, containing different languages and audio description). The MPEG-H audio metadata information (MAE)
allows the MPEG-H audio decoder to correctly decode several MHAS streams.

1
The multi-stream-enabled MPEG-H audio system is capable of handling'audio programme components deliveredjin several
d
N

—

he following constraints apply for file formats using the sample entry 'mhm2 ':

- One MHAS stream shall be the main stream, i'€., in exactly one MHAS stream the audio scene information ghall have
themae isMainStream field setto I\In all other MHAS streams the mae isMainStream shall be|set to 0.

- In each auxiliary MHAS stréanr (i.e., streams with mae isMainStream field set to| 0) the
mae bsMetaDataElementIDoffset field in the audio scene information shall be set to the index gf the first
metadata element in the auxiliary MHAS stream minus one.

- All MHAS elementary(streams that carry audio programme components of one audio programme shall be time
aligned.

- In each auxiliary MHAS elementary stream (i.e., streams with mae 1isMainStreamn field set to 0), RARs shall be
aligned to the RAPs present in the main stream (i.e., the stream with mae isMainStream field set to 1)

- Presentation Description Manifests need to make sure that all streams that contribute to one audio programme may
be identified as such.

- _/For the main and the auxiliary MHAS stream(s), the MHASPacketLabel shall be set according to ISO/IEC 23008-
8:2015, subclause 14.6. ISOBMFF tracks that belong to one switching set need to use different MHASPack¢tLabel
values within the same range of values associated to one stream, as specified in ISO/IEC 23008-3:2015, subclause
14.6. For example, all ISOBMFF tracks in the switching set for the main stream use different values between 1 and
16, all ISOBMFF tracks in the switching set for the first auxiliary stream use values between 17 and 32, and so on.

10.2.2.3.4 Loudness and dynamic range control

Loudness metadata shall be embedded within the mpegh3daloudnessInfoSet () structure as defined in ISO/IEC
23008-3:2015, subclause 6.3. Such loudness metadata shall include at least the loudness of the content rendered to the
default rendering layout as indicated by the referenceLayout field (see ISO/IEC 23008-3:2015, subclause 5.3.2).
More precisely, the mpegh3daLoudnessInfoSet () structure shall include at least one 1oudnessInfo () structure
with loudnessInfoType Set to 0, whose drcSetId and downmixId fields are set to 0 and which includes at least
one methodvalue field with methodDefinition set to 1 or 2 (see ISO/IEC 23008-3:2015, subclause 6.3.1 and

© ISO/IEC 2019 - All rights reserved 113


https://standardsiso.com/api/?name=cdd2a0771b2672677fa9f40a1c9bcbf2

ISO/IEC 23090-2:2019(E)

ISO/IEC 23003-4:2015, subclause 7.3). The indicated loudness value shall be measured according to applicable regional
loudness regulations.

DRC metadata shall be embedded in the mpegh3daUniDrcConfig () and uniDrcGain () structures as defined in
ISO/IEC 23008-3:2015, subclause 6.3. For each included DRC set the drcSetTargetLoudnessPresent field as
defined in ISO/IEC 23003-4:2015, Clause 7 shall be set to 1.

The bsDrcSetTargetLoudnessValueUpper and bsDrcSetTargetLoudnessValueLower fields shall be
configured to continuously cover the range of target loudness levels between -31 dB and 0 dB. The embedded DRC
metadata should allow for a decoder output loudness of at least -16 LKFS.

Loudness
subclause
to ISO/IE

10.2.3

10.2.3.1

This med
The profi
delivery d

HE-AAC
platforms
stereo, 4.
the audio

10.2.3.2

10.2.3.2.1

The audid
14496-3.

For HE-A
fragment
audio acc

ISOBMF
encoding

—  The

— Each AAC elementarystream shall be encoded using MPEG-4 AAC LC, HE-AAC, HE-AACV2, Level 4. Use of the

MPH

—  Whg
the §

compensation information (mae LoudnessCompensationData ()), as defined in ISO/IEC 23008-3:201%
15.5 shall be present in the audio scene information ifthemae allowGainInteractivity field (ageording
C 23008-3:2015, subclause 15.3) is set to 1 for at least one group of audio elements.

DMAF 2D audio legacy profile

General

a profile fulfills requirements to support 2D channel-based audio. The delivery of up t6/5:1 channels is supportedl.
e is based on MPEG-4 AAC specified in ISO/IEC 14496-3, which defines coding-of*general audio content. THe
f up to 5.1 audio channels allows 2D rendering according to the user’s viewing-grientation.

is used worldwide in the most successful streaming services and supported.by all major streaming and med
Due to the wide reach, MPEG-4 AAC may be used for VR services,and platforms, which use either mon
, or 5.1 surround channel configurations. The 2D audio legacy profile does not require any new signalling fq
codec and its configuration. Therefore, it is compatible with all decader implementations in the market.

[<})

-

Elementary stream constraints

General encoding constraints
stream shall comply with MPEG-4 AAC-LC, HE:AAC or HE-AACV2 profiles, level 4, as defined in ISO/IE

)

[¢)

AC encoded tracks, the first sample of- the*ISOBMFF movie and the first sample of every ISOBMFF mov
when applicable) shall be a SAP of type 1, notably, the SBR configuration information shall be present in th
PSS Unit.

[©)

o

- tracks containing AAC audioyas defined in ISO/IEC 14496-3 shall conform to the following AAC aud
constraints:

elementary stream shall-be a raw data stream, i.e., ADTS and ADIF headers shall not be present.

EG-4 HE-AACV2-for stereo configuration is recommended for 32 kbps or lower.

—h

n using HE-AAC and HE-AACV2, explicit backwards compatible signalling shall be used to indicate the use ¢
BR and'PS coding tools.

- AA(

[ elementary streams shall not exceed 48kHz sampling rate.

—  The

number of channels, including the LFE channel, of an AAC ISOBMFF track shall not exceed six audio channels.

— AAC ISOBMFF fragments containing HE-AAC shall start with a type 1 SAP, notably, the SBR configuration
information shall be in the first packet.

—  The

transform length of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks, and 128 audio PCM

samples for short blocks.

— The

114

following parameters shall not change within the elementary stream
audio object type

sampling frequency
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—  channel configuration

The channelConfiguration parameter carried in the AudioSpecificConfig shall be set according to one of the

following specified values:
— channelConfiguration is setequal to 1 for mono audio.
— channelConfiguration isset equal to 2 for stereo audio.

— channelConfiguration is set equal to 4 for four channel audio.

- channelConfiguration issetequal to 5 for five channel audio.
- channelConfiguration issetequal to 6 for six channel audio, i.e., 5.1 audio.

roducing audio content capable of seamless bitrate adaptation with OMAF 2D audio legacy media-profile (AAC
AC, HE-AACvV2) requires constrained encoding at fragment boundaries. For such scenariosyeach AAC e
ream shall be encoded following the constraints provided in ISO/IEC 23000-19:2018, subclauses 10.5.2 to 10.

(%21 Sin v}

Bncoding recommendations for AAC audio tracks are provided in ISO/IEC 23000-19:2018, Annex G.

=

0.2.3.2.2 Syntax and values of syntactic elements

—

he syntax and values for syntactic elements shall conform to ISO/IEC 14496-3xThe following element shall not
in an MPEG-4 HE-AAC or HE-AACV2 elementary stream:

- coupling_channel_element (CCE)

If the program_config_element (PCE) element is present then it:shall only list a set of channels corresponding
the fixed channel configurations specific in ISO/IEC 14496-3:2009, Table 1.19, and the element shall not chan
uration of the track.

d
Tlhe arrangement of syntactic elements shall be according to ISO/IEC 14496-3:2009. Table 1.19. For conven
arrangement of elements for the allowed channel configurations is reported in Table 33.

Table 33 — Arrangement of Audio syntactic elements

-LC, HE-
ementary
b.6.

De present

to one of
ge for the

ience, the

—

he-syntax and values for individual channel stream shall conform to ISO/IEC 14496-3. The follow

Channel Number of . .
. - Audio syntactic elements
configuration channels
1 1 <SCE>, <optional additional elements>, <TERM>, for HE-AAC v2, and miono HE-
AAC or AAC-LC

2 2 <CPE>, <optional additional elements>, <TERM>, for stereo HE-AAC or AAC-LC
4 4 <SCE>, <CPE>, <SCE>, <optional additional elements>, <TERM>

5 5.0 <SCE>, <CPE>, <CPE>, <optional additional elements>, <TERM>

6 5.1 <SCE>, <CPE>, <CPE>, <LFE>, <optional additional elements>, <TERMp>

NOTE Angled brackets (<>) are used above to indicate separate syntactic elements, not stream syntax.

ing fields

hall‘bhe set as fallows:

2]

— gailn control data present issetequal to 0.

10.2.3.2.3 AAC presentation timing

The AAC codec uses audio frames of a fixed length, and a transform which applies over two frames. To obta

in correct

audio from a frame, both frames in the transform are needed, and hence the prior encoded frame and the current encoded

frame need to be decoded to output the first frame. This is sometimes called "priming" and may be signalled
"roll' sample group.
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A full reconstruction of the first encoded audio frame is sometimes not possible since there is no previous access unit. To
still achieve a full reconstruction, a common practice is to add silence to the beginning of the audio signal. A more detailed
explanation of this approach may be found in ISO/IEC 14496-24.

In practice, an encoder might prepend an arbitrary amount of (invalid) audio waveform samples to the signal. This portion

of the aud

io signal is sometimes called "encoder delay" and varies depending on the implementation.

Presentation delay is compensated according to one of the following options:

—  The
head

most common approach to compensate for inserted extra audio is to add an offset edit list to the ISOBMFF
er. In the case where padding has been added to the start of an audio stream, the media_time in the edit list is

the
com

— Ifth
— Ifth

10.2.3.2.4

The audid
set the Pri

The audi
dyn rn
the comp

NOTE It is expected that the audio decoder will use the Program Reference Level, if available, to achieve a desired targe

loudness,
14496-3 i

10.2.3.2.5

The maxi

defined i ISO/IEC 14496-3:2009, subclause 4.5.3. Only the raw data stream shall be considered in determining th

maximum

10.2.3.3
When a tif

ength (in audio samples, as measured by the timescale of the track) of the inserted audio samples; 2112¢is ja
mon example for AAC.

b content has been generated according to ISO/IEC 23000-19:2018, Annex G.5, no EditListBoxis pfesent.

e SBR and PS coding tools are present, they shall not be considered for the purpose of delay compensation.

Loudness and dynamic range control

stream should contain DRC and loudness metadata according to ISO/IEC 14496-3'The audio encoder should
pgram Reference Level to the loudness level of the audio stream.

o

O encoder should generate DRC metadata for light compression encoded in the dyn rng ctl an
_sgn fields of dynamic_range info () in the FIL element and DRC metadata for heavy compression
ression value field of MPEG4 ancillary data () inthe datalstream element (DSE).

=]

—

()

if applicable. It is expected that the audio decoder will apply the'DRC metadata, if present, according to ISO/IE
hcluding the DRC Presentation Mode value of the drc_preséntation mode fields.

Maximum bitrate

w

mum bitrate of AAC elementary streams shall be-calculated in accordance with the AAC buffer requirements

@D

bitrate (system-layer descriptors are excluded).

1SO base media file format constraints

ack is the only track in a file, cempatible brands containing a brand equal to 'o0a2d' in FileTypeBo

"

indicates fthat the track conforms to this-media profile. When a file contains multiple tracks, compatible brandfs
containing a brand equal to 'oa2d\ .in FileTypeBox indicates that at least one of the tracks conforms to this media
profile.
compatible brands €oftdining a brand equal to 'oa2d' in TrackTypeBox indicates that the track conforms fo
this media profile.
A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBok
and TragkTypeBox.
The syntax‘and values of the AudioSampleEntry shall conform to MP4AudioSampleEntry ("mp4a') as defingd
in ISO/IEC 14496-14. Table 34 Tists the allowed AAC profiles.
Table 34 — AAC profiles
AAC profile codingname Sample entry
MPEG-4 AAC (AAC-LC) mp4a MP4AudioSampleEntry
MPEG-4 High Efficiency AAC (HE-AAC) mp4a MP4AudioSampleEntry
MPEG-4 High Efficiency AAC v2 (HE-AACV2) mp4a MP4AudioSampleEntry
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The SampleEntry format in the SampleDescriptionBox is the same for each AAC audio profile.

10.2.3.3.1 Storage of AAC media samples

The following additional constraints apply:

—  All audio media samples shall consist of one AAC audio access unit.

— All AAC access units in an ISOBMFF track shall be encoded with one of AAC LC, HE-AAC or HE-AACV2.
— The values given in AudioSampleEntry, DecoderConfigDescriptor, and DecoderSpecificInfo

shall match the corresponding values in the AAC audio bitstream.

=

0.2.3.3.2 AAC audio sample entry

—

he syntax and values of the AudioSampleEntry shall conform to MP4AudioSampleEntry (mpda')
n 1ISO/IEC 14496-14.

Tlhe sample entry and fields specified in this section shall not change within an ISOBMFF track:
1

to one of the following specified values:

- channelcount is setequal to 1 for mono audio.

- channelcount is setequal to 2 for stereo audio.

- channelcount is setequal to 4 for four channel audio.

- channelcount issetequal to 5 for five channel audio.

- channelcount is setequal to 6 for six channel audie, I'e., 5.1 audio.

—

he value of the channelcount parameter in the\AudioSampleEntry box shall correspond to the
hannelConfiguration field of AudioSpecifiicConfig according to Table 35:

0]

=]

field of AudioSpecificConfig

hs defined

he value of the channelcount parameter inthe AudioSampleEntry box defined.in ISO/IEC 14496-3 spall be set

values of

[able 35 - Mapping of channelcount parameter in the AudioSampleEntry to channelConfiguration

channelcount channelConfiguration

1 1

2 2

4 4

5 5

6 6
NOTE The chafinel to loudspeaker mapping for each channelConfiguration index is given in ISO/IEC
14496-3:2009) ‘Table 1.19. The informative geometric speaker positions for channelConfiguration = |4
(Quadrophionic speaker layout) is 0, 90°, -90°, 180° deg (azimuth)

10.2.3.3.2.1 ES_Descriptor

The syntax and values for ES_Descriptor shall conform to ISO/IEC 14496-1, and the fields of the ES Descriptor

shall be set as follows:

— ES_IDissetequal toO.

— streamDependenceFlag issetequal to 0
- URL Flagissetequal to 0.

— OCRstreamFlag is set equal to 0.

© ISO/IEC 2019 - All rights reserved
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— streamPriorityissetequalto0

— decConfigDescr isset equal to DecoderConfigbDescriptor.

— slConfigDescr issetequal to SLConfigDescriptor, predefined type 2.

Descriptors other than those specified in subclauses 10.2.3.3.2.2 through 10.2.3.3.2.4 shall not be used.

10.2.3.3.2.2 DecoderConfigDescriptor

The synt3

x and values for DecoderConfigbescriptor shall conform to ISO/IEC 14496-1, and the fields of thj

w

descriptol

— dedoderSpecificInfo shall beused, and ProfileLevelIndicationIndexDescriptor shallnot He
used.

—  obj
— sty
- upS

— ded

10.2.3.3.2.3 AudioSpecificConfig
The syntaix and values for AudioSpecificConfig shall conform to ISOAEC 14496-3 .

The folloyving fields of AudioSpecificConfig shall be setaccordingto ISO/IEC 14496-3 and subclause 10.2.3.2:

— audiloObjectType

— chag
— extqd
— GASY

10.2.3.3.

The synt
GASpec]

— frarn
— depq

—  extd

10.3 |

shall be constrained to the following values.

ectTypelIndication isequal to 0x40 (audio).
eamType is equal to 0x05 (audio stream).
tream is equal to 0.

SpecificInfo isequal to AudioSpecificConfig

inelConfiguration
bnsionAudioObjectType

ecificConfig

P.4 GASpecificConfig

ax and values for GASpécificConfig shall conform to ISO/IEC 14496-3, and the fields ¢
ficConfig shall be set to_the following values:

=1

ieLengthFlag is equalto 0 (1024 lines IMDCT).
endsOnCoreCdader is equal to 0.

tnsionFlay is equal to 0.

mage profiles

10.3.1 Owverview

Subclause 10.3 defines OMAF media profiles for image coding. Table 36 provides an informative overview of the

supported
Common

118

features. The detailed, normative specification for each image profile is provided in the referenced clause.
text for both profiles is provided in subclause 10.3.2.
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Table 36 — Overview of OMAF media profiles for image coding

Media profile Codec Profile Level Brand | Clause
OMAF HEVC image profile HEVC Main 10 5.1 heoi | 10.3.3
OMAF legacy image profile JPEG Not applicable | Not applicable | jpoi | 10.3.4

=

0.3.2 Common specifications for image profiles

0.3.2.1 General

ubclause 10.3.2 specifies common constraints applicable to both OMAF image profilesOBoOth monos
ereoscopic images up to 360 degrees are supported. These image profiles require the use of the\eguirectangular
I the cubemap projection. When equirectangular projection and region-wise packing are in juse, the number of
pgion-wise packing is required to be equal to 1 or 2 for monoscopic or stereascopic content, respectively. Wher
rojection is in use, it is allowed to use up to one region per cube face in region-wise.packing. The "grid" deri
em could be used to support large image widths and heights.

O 3 0 Vo (n =

pry

> =

n image item is specified to conform to an OMAF image profile when.all of the following constraints are true:
- Either one of the following applies:
— The image item is a coded image item conforming.to'the OMAF image profile.

— The image itemisa 'grid' derived image item, and each source image item of the derived image
coded image item conforming to the OMAF; image profile.

- The item properties for the coded image_item comply with the requirements and constraints specified in
7.9.

image item,and 'stvi', 'prfr™, 'rwpk',and 'rotn', which are specified in this document.
- The item is associated witha™ prfr' item property that indicates the equirectangular or cubemap project

- When the item is associated with a ' rwpk ' item property, the values of the item property are constrained 4

—  When equiréctangular projection is in use, the value of NumRegions, derived as specified in subclau
shall belegual to HorDiv1 * VerDivl, derived as specified in subclause 7.9.3.1.

—  When-cubemap projection is in use, the number of projected regions containing samples of a parti
face shall not be greater than 1.

NOTEYWhen the image item covers less than 360 degrees, a cube face could be absent in a packed picture.

opic and
brojection
regions in
cubemap
ed image

0.3.2.2 1SO base media file format constraints for an image item gonforming to an OMAF image profile

item is a

subclause

- The item is not associated with any-other types of essential item properties than those required by the item tiype of the

on.
s follows:

be 7.5.1.2,

ular cube

Tha valiie of PackinaTyvnaolil far oach vialiin AfF 1 11 tho ¢
HE—Yarae—-oraCiRg-ypei1or—acr—ade—-o—1——tncH

specified in subclause 7.5.1.2, shall be equal to O.

aclusive—derived as

—  When the viewing of the image item is intended to be started using another viewing orientation than that indicated
by (centre azimuth, centre elevation, centre tilt) equal to (0, 0, O) relative to the global
coordinate axes, the initial viewing orientation item property, as specified in clause 7.9.9, shall be present and

associated with the image item.

10.3.2.3 1SO base media file format constraints for a file conforming to an OMAF image profile

Each file including a four-character code of an OMAF image profile as a compatible brand shall conform to
following:

© ISO/IEC 2019 - All rights reserved
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— The file shall include 'mif1' among the compatible brands and comply with the requirements of 'mi£1' brand as
specified in ISO/IEC 23008-12.

— The

10.3.3 OMAF HEVC image profile

10.3.3.1

Subclausg 10.3.3 specifies the OMAF HEVC image profile, which uses HEVC as the codec for coding-of the image an
follows tHe common constraints for OMAF image profiles.

10.3.3.2

The bitstr
Level 5.1

The bitstr

a coded ffame.

The activ

- gendral_progressive_source_flag shall be set to 1.
- gendral_frame_only_constraint_flag shall be set to 1.

- gendral_interlaced_source_flag shall be set to 0.

10.3.3.3

A coded image item is specified to conform to the) ' heoi ' brand when all of the following constraints are true:

- The

- The
ISO

- The

An image item is specifigd-to conform to the "heoi ' brand when it is a coded image item conforming to the 'heoi

brand as

which eagh source’image item is a coded image item conforming to the "heoi ' brand.

10.3.3.4
The input

file shall contain at least one image item that conforms to all of the following:
The image item is present in the file.
When the image item is a derived image item, each source image item is present in the file.

The image item is either the primary item or any item from the alternate group containing the primary item.

The 1mage 1tem conforms to the OMAF Image profile.

General

Elementary stream constraints

bam of a coded image item conforming to this media profile shall conform to HEVC Main 10 profile, Main tie

bam contained in a coded image item shall consist of one and only one‘coded picture. The coded picture shall b

b SPS of the bitstream shall be constrained as follows:

1SO base media file format constraints

content of the coded image itemeanforms to the elementary stream constraints specified in subclause 10.3.3.2

item has type 'hvcl' and_conforms to the requirements imposed by the "hvcl' item type, as specified
IEC 23008-12.

icoded image item ¢onforms to the constraints specified in subclause 10.3.2.2.

Epecified above or a derived image item conforming to the constraints specified in subclause 10.3.2.2 and fg

o

@D

=]

=

Eile decoding process

s to the file decoding process are

- the item ID value of the image item conforming to this media profile, and

- afile containing at least the image item.

If the image item with the given item id value is a coded image item, the following applies:

- An HEVC bitstream consists of the content of the item with the given item ID value.

- The
- The

120

HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.3.3.2.

HEVC bitstream is decoded as specified in ISO/IEC 23008-2:2017, subclause 8.1.1.
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- The outputs of this process are the same as the outputs of ISO/IEC 23008-2:2018, subclause 8.1.1.
Otherwise (the image itemisa 'grid' derived image item), the following applies:
- For each source image item of the derived image item, the following applies:

— An HEVC bitstream consists of the content of the source image item.

— The HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.3.3.2.

— The HEVC bitstream is decoded as specified in ISO/IEC 23008-2:2017, subclause 8.1.1.

- The output of this process is formed by tiling the reconstructed images resulting from the decoding of all
image items, as specified in the image grid derivation of ISO/IEC 23008-12.

by

dditionally, this process outputs ProjectionFormatProperty, FramePackingPropertd)(when af
RegionWisePackingProperty (when applicable), and RotationProperty (when applicable) that p
mput for the semantics of sample locations within the decoded picture as specified in subclause7:5.1.

10.3.3.5 Recommendations and requirements for OMAF player

—

he requirements on readers conforming to the 'mi£1 ' brand, as specified in ISO/IEC23008-12, shall be supy

)

layers conforming to the 'heoi ' brand shall support displaying an image itemthat conforms to both of the fg

- The image item conforms to the "heoi ' brand as specified in-subclause 10.3.3.3.

<

Vhen displaying an image item conforming to the "heoi ' brand, players are expected to obey semantics of t
cations of the decoded picture as specified in subclause 7.5.1.

When an image item conforming to the 'heoi' brand,is\associated with the initial viewing orientation item p
player is expected to parse the initial viewing orientation item property and obey it when viewing the item.

10.3.4 OMAF legacy image profile

10.3.4.1 General

- The image item is either the primary item or any item from the alternate’ group containing the primary item.

he source

plicable),
ovide the

orted.

llowing:

he sample

roperty, a

Yubclause 10.3.4 specifies OMAF legacy image profile, which uses JPEG as the codec for coding of the image anpd follows

the common constraints for OMAFR-image profiles.

10.3.4.2 Elementary stream constraints

—

he elementary stream.Constraints are identical to those for the ' jpeg' brand specified in ISO/IEC 23008-12.

=

0.3.4.3 1SO“ase media file format constraints

by

coded image'item is specified to conform to the ' jpoi ' brand when all of the following constraints are true

- A hetontent of the coded image item conforms to the elementary stream constraints specified in subclause

10.3.4.2.

L. ~The jtem has type 'gpeqg! and canfarms to the rpnlnirpmpntc impncpd hy the 'ineg!’ item type as sy

ecified in

ISO/IEC 23008-12, or is coded with MIME type ' image/jpeg' and conforms to that MIME type specification.

- The coded image item conforms to the constraints specified in subclause 10.3.2.2.

An image item is specified to conform to the ' jpoi' brand when it is a coded image item conforming to the
brand as specified above or a derived image item conforming to the constraints specified in subclause 10.3.2
which each source image item is a coded image item conforming to the ' jpoi ' brand.

10.3.4.4 File decoding process

The inputs to the file decoding process are

- the item_ ID value of the image item conforming to this media profile, and

© ISO/IEC 2019 - All rights reserved
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- afile containing at least the image item.

If the ima

ge item with the given item id value is a coded image item, the following applies:

- A JPEG bitstream consists of the content of the item with the given item ID value.

- The
- The
- The

JPEG hitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.
JPEG hitstream is decoded as specified in ISO/IEC 10918-1.

output of this process is a decoded JPEG image.

Otherwise

- For

- The
imag

Additionglly, this process outputs ProjectionFormatProperty, FramePackingProperty (when applicable

Regionf
input for 1

10.3.4.5

The requirements on readers conforming to the 'mif1 ' brand, as.specified in ISO/IEC 23008-12, shall be supported.

Players c(
- The
- The

When dis
locations

When an
player is ¢

10.4 7

1041 (

Subclauss
omnidireg

(the image itemisa 'grid' derived image item), the following applies:
bach source image item of the derived image item, the following applies:
A JPEG bitstream consists of the content of the source image item.
The JPEG bitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.
The JPEG bitstream is decoded as specified in ISO/IEC 10918-1.

output of this process is formed by tiling the reconstructed images resulting from the'decoding of all the sourg
e items, as specified in the image grid derivation of ISO/IEC 23008-12.

[¢)

[isePackingProperty (when applicable), and RotationPropgrty (when applicable) that provide th
he semantics of sample locations within the decoded picture as specified in subclause 7.5.1.

D

Recommendations and requirements for OMAF player

nforming to the ' jpoi ' brand shall support displaying an image item that conforms to both of the following;
image item is either the primary item or any itemfrom the alternate group containing the primary item.
image item conforms to the ' jpoi' brand@s Specified in subclause 10.3.4.3.

blaying an image item conforming tothe*' jpoi ' brand, players are expected to obey semantics of the samp
pf the decoded picture as specified in.subclause 7.5.1.

[¢)

mage item conforming to the(' jpoi ' brand is associated with the initial viewing orientation item property, [a
xpected to parse the initial viewing orientation item property and obey it when viewing the item.

[imed text profiles

Dverview

10.4 defines media profiles for timed text. Timed text is used for providing subtitles and closed captions fg
tional \video. Table 37 provides an informative overview of the supported features. The detailed, normativ

D =

specificat

onfor each timed text profile is subsequently provided in the referenced clause.

Table 37 — Overview of OMAF media profiles for timed text

M

edia profile Codec Profile Brand | Clause

OMAF IMSC1 timed text profile IMSC1 Text Profile or Image Profile | ttml | 10.4.2

OMAF WebVTT timed text profile WebVTT | n\a ttwv |[10.4.3

122
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10.4.2 OMAF IMSCL1 timed text profile

10.4.2.1 Elementary stream constraints

019(E)

The elementary stream shall conform to the text profile or image profile specified in W3C Recommendation, TTML profiles

for Internet media subtitles and captions 1.0 (IMSC1).

10.4.2.2 1SO base media file format constraints

When a track is the only track in a file, compatible brands containing a brand equal to 'ttml' inFil

bntaining a brand equal to 'ttml "' in FileTypeBox indicates that at least one of the tracks conforms.

C o
profile.

dompatible brands containing a brand equal to 'ttml' in TrackTypeBox indicates that the track co
this media profile.

track of this media profile shall be indicated to conform to this media profile through one’er'both of File
Nd TrackTypeBox.

n IMSC1 track shall conforms to the IMSCL track format as specified in subclause 7:20.3.
he media handler type is ' subt ', and the track uses a subtitle media header,
he role of an IMSCL track should be labelled by using the KindBox.

Vhen timed text cues are displayed on sphere regions, the timed text sphere region metadata track, as specified in
.7.6, shall be present.

=

0.4.3 OMAF WebVTT timed text profile

0.4.3.1 Elementary stream constraints

—

he elementary stream shall conform to WebVTT=The web video text tracks format.

ISO base media file format censtraints

=

0.4.3.2

Vhen a track is the only track in a file,\compatible brands containing a brand equal to 'ttwv' in File]
dicates that the track conforms tg this media profile. When a file contains multiple tracks, compatible|

<

eTypeBox

brands
his media

nforms to

ypeBox

subclause

'vpeBox
| brands

cpntaining a brand equal to ' ttwv'" in FileTypeBox indicates that at least one of the tracks conforms to this media

ofile.

ompatible brands'eentaining a brand equal to 'ttwv' in TrackTypeBox indicates that the track co
this media profile.

track of this media profile shall be indicated to conform to this media profile through one or both of File]
Nd TrackTypeBox.

WebVATT track shall conform to the WebVTT track format as specified in subclause 7.10.4, usin
andlér type of 'text' witha codingname of "wvtt'.

nforms to

'vpeBox

) a track

7

la 1 £ MIal\ LT T 4 1 la Lel lo loballadl o H 4la . 2
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When timed text cues are displayed on sphere regions, the timed text sphere region metadata track, as specified in
7.7.6, shall be present.
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11 Presentation profiles

11.1 OMAF viewport-independent baseline presentation profile

11.1.1 General

The OMAF viewport-independent baseline presentation profile is intended to provide the highest interoperability and
quality on HMDs (including mobile-powered HMDs).

This profi
stereosco
decoding,

The profi

1112 |

An ISOBMFF file for which the content author considers that the VR experience is included, in this file using th

technolog
brand ' o

For a filg
constraint

— The

- If cq
oM

—  Ifcq
Speg

11.2

1121

The OM/
HMDs th

This profi
video are

1122 |

An ISOBMFF file eontaining a VR experience using the technologies for the OMAF viewport-dependent baselin

presentati

For a filg

le fulfils the basic requirements to support 3D audio and omnidirectional and 3D video. Both monoscopic, arld
pic video are supported. The profile requires neither viewport-dependent delivery nor viewport-dependemt

e also minimizes the options for basic interoperability.

SO base media file format constraints

@D

ies for the OMAF viewport-independent baseline presentation profile may be offered using the ISOBMFF fi
pp'.

D

with compatible brands containing a brand equal to 'ompp' (ifvFileTypeBox, the following
s apply:

file shall conformto the 'iso9"' brand.

ntaining video, the file shall contain at least one track conforming to the HEVC-based viewport-independent
\F video profile as specified in subclause 10.1.2.

w

ntaining audio, the file shall contain at least one track conforming to the OMAF 3D audio baseline profile

ified in subclause 10.2.2.

DMAF viewport-dependent baseline presentation profile

Seneral

\F viewport-dependent baseline.presentation profile is intended to provide interoperability and quality on the

t go beyond the viewport resolution achievable by the OMAF viewport-independent baseline presentation profi

o

le fulfils requirements tosupport 3D audio and omnidirectional and 3D video. Both monoscopic and stereoscop
supported. The profileZfequires viewport-dependent delivery and rendering.

o

SO base mediayfilé format constraints

D

pn profilésmay be offered using the ISOBMFF file brand 'ovdp'.

with ‘compatible brands containing a brand equal to 'ovdp' in FileTypeBox, the following

constrain

S apply:

— The

file shall conform to the ' iso9' brand.

— If containing video, the file shall contain at least one track conforming to the HEVC-based viewport-dependent
OMAF video profile as specified in subclause 10.1.3.

— If containing audio, the file shall contain at least one track conforming to the OMAF 3D audio baseline profile as

spec

124

ified in subclause 10.2.2.
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Annex A
(normative)
OMAF DASH schema

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
XIS omaf="urmmpeg-mpegtomaf-2017
elementFormDefault="qualified">
<xs:element name="sphRegionQuality" type="omaf:SphRegionQuality Type"/>
<xs:complexType name="SphRegionQuality Type">
<xs:sequence>
<xs:element name="qualitylnfo" type="omaf:QualitylnfoType" minOccurs="1" maxOccurs="255"/3
<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccuis="unbounded"/>
</xs:sequence>
<xs:attribute name="shape_type" type="xs:unsignedByte" use="optional" default="0"/>
<xs:attribute name="remaining_area_flag" type="xs:boolean" use="opticnal" default="0"/>
<xs:attribute name="view_idc_presence_flag" type="xs:boolean" use='*optional™ default="0"/>
<xs:attribute name="quality_ranking_local_flag" type="xs:boolean™use="optional" default="0"/>
<xs:attribute name="quality_type" type="omaf:Quality Type"-use="required"/>
<xs:attribute name="default_view_idc" type="omaf:ViewType" use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

A4

<xs:complexType name="QualitylnfoType">
<xs:attribute name="quality_ranking" type=“Xs:unsignedByte" use="required"/>
<xs:attribute name="view_idc" type="omaf:ViewType" use="optional"/>
<xs:attribute name="orig_width" type="xs:unsignedShort" use="optional"/>
<xs:attribute name="orig_height‘.type="xs:unsignedShort" use="optional"/>
<xs:attribute name="centre_azimuth" type="omaf:Rangel" use="optional"/>
<xs:attribute name="centre. elevation" type="omaf:Range2" use="optional"/>
<xs:attribute name="céntre_tilt" type="omaf:Rangel" use="optional"/>
<xs:attribute name="azimuth_range" type="omaf:HRange" use="optional"/>
<xs:attribute name="elevation_range" type="omaf:VVRange" use="optional"/>
<xs:anyAttribute’namespace="##other" processContents="lax"/>

</xs:complexType>

<xs;elément name="twoDRegionQuality" type="omaf:twoDRegionQuality Type"/>
<Xs:complexType name="twoDRegionQuality Type">
<xs:sequence>
<xs:element name="twoDqualitylnfo" type="omaf:twoDQualitylnfoType" minOccurs="1"
maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="remaining_area_flag" type="xs:boolean" use="optional" default="0"/>
<xs:attribute name="view_idc_presence_flag" type="xs:boolean" use="optional" default="0"/>
<xs:attribute name="quality_ranking_local_flag" type="xs:boolean" use="optional" default="0"/>
<xs:attribute name="quality_type" type="omaf:QualityType" use="required"/>
<xs:attribute name="default_view_idc" type="omaf:ViewType" use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
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<xs:complexType name="twoDQualityInfoType">
<xs:attribute name="quality_ranking" type="xs:unsignedByte" use="required"/>
<xs:attribute name="view_idc" type="omaf:ViewType" use="optional"/>
<xs:attribute name="orig_width" type="xs:unsignedShort" use="optional"/>
<xs:attribute name="orig_height" type="xs:unsignedShort" use="optional"/>
<xs:attribute name="left_offset" type="xs:unsignedShort" use="optional"/>
<xs:attribute name="top_offset" type="xs:unsignedShort" use="optional"/>
<xs:attribute name="region width" type="xs:unsignedShort" use="optional"/>
9xs:attribute name="region_height" type="xs:unsignedShort" use="optional"/>
Ixs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

<xg:element name="cc" type="omaf:CCType"/>

<xg:complexType name="CCType">

qxs:sequence>

<xs:element name="coveragelnfo" type="omaf:coveragelnfoType" minOccurs="1%maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOceurs="unbounded"/>
4/xs:sequence>

9xs:attribute name="shape_type" type="xs:unsignedByte" use="optional" default="0"/>
4xs:attribute name="view_idc_presence_flag" type="xs:boolean" use="gptional" default="0"/>
qxs:attribute name="default_view_idc" type="omaf:ViewType" use="optional"/>

9Ixs:anyAttribute namespace="##other" processContents="lax"/>

</xs.complexType>

<xg:.complexType name="coveragelnfoType">

9xs:attribute name="view_idc" type="omaf:ViewType" use="optional"/>

qxs:attribute name="centre_azimuth" type="omaf:Rafgel" use="optional" default="0"/>
9xs:attribute name="centre_elevation" type="omafiRange2" use="optional" default="0"/>
xs:attribute name="centre_tilt" type="omaf:Rangel" use="optional" default="0"/>

qxs:attribute name="azimuth_range" type="omaf:HRange" use="optional" default="23592960"/>
9xs:attribute name="elevation_range" type="omaf:VVRange" use="optional" default="11796480"/>
9Ixs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>

A

<xd:attribute name="projection - type" type="omaf:listOfUnsignedByte"/>
<x9:simpleType name="listOfUnsignedByte">
gxs:restriction>
<xs:simpleType>
<xs:list.itemType="xs:unsignedByte"/>
</xs:simpleType>
<xs:minLength value="1"/>
q/Xs:restriction>
</xSSimpleType>

<xs:attribute name="packing_type" type="omaf:OptionallistOfUnsignedByte"/>
<xs:simpleType name="0OptionallistOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedByte"/>
</xs:simpleType>
<xs:minLength value="0"/>
</xs:restriction>
</xs:simpleType>
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<xs:attribute name="view_dimension_idc" type="omaf:viewDIdcType"/>
<xs:simpleType name="viewDIldcType">
<xs:restriction base="xs:unsignedByte">
<xs:mininclusive value="0"/>
<xs:maxInclusive value="7"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="Rangel">
<xs:restriction base="xs:int">
<xs:mininclusive value="-11796480"/>
<xs:maxInclusive value="11796479"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="Range2">
<xs:restriction base="xs:int">
<xs:mininclusive value="-5898240"/>
<xs:maxInclusive value="5898240"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="HRange">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="23592960"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="VRange">
<xs:restriction base="xs:unsignedlInt"
<xs:mininclusive value="0"/>
<xs:maxlInclusive value="11796480"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType namez"QualityType">
<xs:restriction base="xs:unsignedByte">
<xs:minlnclusive value="0"/>
<xs:maxlmclusive value="15"/>
</xs:restrietion>
</xs:simpleType>
<xs:simpleType name="ViewType">
<xs:restriction base="xs:unsignedByte">
<xs:mininclusive value="0"/>

<XS.maxInciusive value="3 7>
</xs:restriction>
</xs:simpleType>
</xs:schema>
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Annex B
(normative)
DASH integration of media profiles

B.1 Video profiles

B.1.1 HEVC-based viewport-independent OMAF video profile

An instanfiation of the HEVC-based viewport-independent OMAF Video profile in DASH should De represented as,or
Adaptation Set, possibly with multiple Representations. If so, the Adaptation Set should provide the following signalling:

[¢)

- @codecs="'resv.podv+erpv.hvcl.1.6.L93.B0"'
- @mimeType='video/mp4 profiles="hevi"'

- | A supplemental descriptor or essential descriptor providing the frame packing arrangementmay be used.

>

NOTE By the use of the restricted video scheme and the @profiles referring to this media profile, the DASH,client has all informatid
to identify|if this media profile could be played back. For additional information, the supplemental deseriptor is used to provide son
details on fhe configuration of the contained Representations.

@D

@D

The concatenation of all DASH Segments of one Representation for HEVC viewport-independent baseline media profi
shall conform to all the constraints specified in subclause 10.1.2.4.

)

Conformgnce to CMAF may be provided in addition by conforming to a HEVE-CMAF video track as defined in ISO/IE
23000-19(2018, Annex B.1.

In additioh, for an Adaptation Set the following applies:

- Thelsame frame packing format shall be used on all Representations in one Adaptation Set.
- Thelsame coverage information shall be used on all Representations in one Adaptation Set.
- Thelsame spatial resolution shall be used on all Representations in one Adaptation Set.

When the playback is intended to be started~using another viewing orientation than that indicated by
(centre| azimuth, centre elevation,centre tilt)equal to (0, 0, 0) relative to the global coordinate axeg,
a Represdntation containing initial viewing orientation metadata, as specified in subclause 7.7.4, shall be present and
associated with all related media Representations as specified in subclause 8.2.3.

B.1.2 |HEVC-based viewpoart-dependent OMAF video profile and AVC-based
viewpdrt-dependent OMAF video profile

B.1.2.1 General

This subcjlause applies\to'both the HEVC-based viewport-dependent OMAF video profile and the AVC-based viewporf
dependent OMAF video profile.

w

When switchifigor accessing Representations at each Segment or Subsegment is relevant, the following DASH profild
include syfficient constraints:

- 1SO base media file format live profile: urn:mpeg:dash:profile:isoff-1ive:2011
- IS0 base media file format main profile: urn:mpeg:dash:profile:isoff-main:2011

When low latency considerations are relevant, the following DASH profiles provide tools to support efficient low latency
services:

- IS0 base media file format on demand profile: urn:mpeg:dash:profile:isoff-on-demand:2011
- 1SO base media file format broadcast TV profile: urn:mpeg:dash:profile:isoff-broadcast:2015

It is recommended that DASH clients consuming low latency services support either or both of the above profiles in order
to support the latency requirements.
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